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Combination Long-Acting β-Agonists and Inhaled
Corticosteroids Compared With Long-Acting β-Agonists Alone
in Older Adults With Chronic Obstructive Pulmonary Disease
Andrea S. Gershon, MD, MSc; Michael A. Campitelli, MPH; Ruth Croxford, MSc, PStat;
Matthew B. Stanbrook, MD, PhD; Teresa To, PhD; Ross Upshur, MD, MSc;
Anne L. Stephenson, MD, PhD; Thérèse A. Stukel, PhD

IMPORTANCE Chronic obstructive pulmonary disease (COPD), a manageable respiratory
condition, is the third leading cause of death worldwide. Knowing which prescription
medications are the most effective in improving health outcomes for people with COPD is
essential to maximizing health outcomes.

OBJECTIVE To estimate the long-term benefits of combination long-acting β-agonists
(LABAs) and inhaled corticosteroids compared with LABAs alone in a real-world setting.

DESIGN, SETTING, AND PATIENTS Population-based, longitudinal cohort study conducted in
Ontario, Canada, from 2003 to 2011. All individuals aged 66 years or older who met a
validated case definition of COPD on the basis of health administrative data were included.
After propensity score matching, there were 8712 new users of LABA–inhaled corticosteroid
combination therapy and 3160 new users of LABAs alone who were followed up for median
times of 2.7 years and 2.5 years, respectively.

EXPOSURES Newly prescribed combination LABAs and inhaled corticosteroids or LABAs
alone.

MAIN OUTCOMES AND MEASURES Composite outcome of death and COPD hospitalization.

RESULTS The main outcome was observed among 5594 new users of LABAs and inhaled
corticosteroids (3174 deaths [36.4%]; 2420 COPD hospitalizations [27.8%]) and 2129 new
users of LABAs alone (1179 deaths [37.3%]; 950 COPD hospitalizations [30.1%]). New use of
LABAs and inhaled corticosteroids was associated with a modestly reduced risk of death or
COPD hospitalization compared with new use of LABAs alone (difference in composite
outcome at 5 years, −3.7%; 95% CI, −5.7% to −1.7%; hazard ratio [HR], 0.92; 95% CI,
0.88-0.96). The greatest difference was among COPD patients with a codiagnosis of asthma
(difference in composite at 5 years, −6.5%; 95% CI, −10.3% to −2.7%; HR, 0.84; 95% CI,
0.77-0.91) and those who were not receiving inhaled long-acting anticholinergic medication
(difference in composite at 5 years, −8.4%; 95% CI, −11.9% to −4.9%; HR, 0.79; 95% CI,
0.73-0.86).

CONCLUSIONS AND RELEVANCE Among older adults with COPD, particularly those with
asthma and those not receiving a long-acting anticholinergic medication, newly prescribed
LABA and inhaled corticosteroid combination therapy, compared with newly prescribed
LABAs alone, was associated with a significantly lower risk of the composite outcome of
death or COPD hospitalization.

JAMA. 2014;312(11):1114-1121. doi:10.1001/jama.2014.11432

Editorial page 1101

Author Video Interview at
jama.com

Supplemental content at
jama.com

Author Affiliations: Author
affiliations are listed at the end of this
article.

Corresponding Author: Andrea S.
Gershon, MD, MSc, Institute for
Clinical Evaluative Sciences, G1 06,
2075 Bayview Ave, Toronto,
ON M4N 3M5, Canada
(andrea.gershon@ices.on.ca).

Research

Original Investigation

1114 jama.com

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



Copyright 2014 American Medical Association. All rights reserved.

C hronic obstructive pulmonary disease (COPD) affects
5% to 22% of adults older than 40 years, has a life-
time risk of more than 25%, and is the third leading

cause of death worldwide.1-3

Medications are a mainstay of COPD management, and
knowing which are most effective in real-world practice is
essential. Combination therapy consisting of long-acting

β-agonists (LABAs) and
inhaled corticosteroids
(ICSs) has been shown to
decrease exacerbations
and possibly decrease
mortality compared with
placebo. 4 - 6 However,

there are still gaps in what is known about its comparative
effectiveness compared with LABAs alone.

A recent systematic review of randomized clinical trials
(RCTs) found that exacerbation rates, but not hospitalizations or
mortality, were lower in patients treated with LABA-ICS combi-
nation therapy compared with LABAs alone.7 However, it in-
cluded RCTs that predominantly enrolled younger adult men
with few comorbidities and it excluded people with asthma and
whoweretakinglong-actinganticholinergics(LAAs),acommonly
used COPD medication. Thus, its results may not be generaliz-
able to older, frailer COPD patients with asthma or other comor-
bidities taking other COPD medications in real-world settings.

There are also downsides to treating with LABAs and ICSs.
In RCTs, patients receiving these medications have been shown
to have an increased risk of pneumonia compared with pa-
tients receiving LABAs alone.7 A systematic review of RCTs has
also shown a non–statistically significant increased fracture risk
among LABA and ICS users compared with users of LABAs
alone.8 Moreover, the cost of the combination product is usu-
ally greater. The large number of patients receiving LABAs and
ICSs, at least in some regions, suggests that starting combina-
tion medication for people with COPD occurs often without a
preceding trial of LABAs alone.9

Therefore, we conducted an observational study to exam-
ine the association of LABA-ICS combination therapy com-
pared with LABAs alone and the composite outcome of mor-
tality and COPD hospitalizations in older COPD patients with
naturally occurring comorbidities, including asthma, in real-
world conditions. Because confounding by indication is a po-
tential limitation in observational studies, we performed a
number of additional sensitivity analyses.

Methods
Study Design and Setting
We conducted a retrospective cohort study of Ontario residents
aged 66 years or older using multiple linked population health
care databases. Ontario has a diverse, multicultural population
of approximately 2 million people aged 65 years or older. Virtu-
ally all residents of all ages receive universal access to physician
and hospital services, which are recorded in administrative da-
tabases, and those aged 65 years or older receive prescription
medications from publically funded insurance programs.

Ethics approval was obtained from the Research Ethics
Board of Sunnybrook Health Sciences Centre, Toronto, Ontario,
Canada. A waiver of informed consent was obtained.

Data Sources
Patient demographic and health care records were linked using
encrypted health card numbers, which served as unique and
anonymous identifiers across databases. The Ontario Regis-
tered Persons Database contains basic demographic informa-
tion including date of death.10 The Ontario Drug Benefits da-
tabase contains prescription medication claims for all residents
aged 65 years or older.11 The Canadian Institute of Health In-
formation’s Discharge Abstract Database and National Ambu-
latory Care Reporting System contain detailed information for
all admissions to hospitals and emergency departments. The
Ontario Health Insurance Plan physician claims database con-
tains information on all outpatient services provided by fee-
for-service physicians and “shadow billings” for physicians
paid under alternate payment plans.

Responses to 4 cycles of the Canadian Community Health
Survey, which is a nationally representative cross-sectional sur-
vey designed by Statistics Canada,12 were used to obtain in-
formation such as individual-level smoking status.

Study Population
All Ontario residents aged 66 years or older who met a vali-
dated case definition of physician-diagnosed COPD using
health administrative data (eAppendix in the Supplement)13

and were new users of LABAs or LABA-ICS combination
therapy between September 1, 2003, and March 31, 2011,
were included. This COPD definition has been shown to have
a positive predictive value of 81% and a negative predictive
value of 88.5% in adults 35 years and older, and a positive
predictive value of 86% in adults aged 65 years or older com-
pared with clinical evaluation by a physician.13,14 New users
were individuals who had not filled a prescription for either
of these medications or for ICSs alone in the previous year
and were studied to minimize bias due to improved out-
comes among long-term users who were presumably ben-
efitting from their medication and worse outcomes among
patients who, due to problems, required a step up or down
in therapy.14 LABA-ICS combination therapy and LABAs
alone were the only medications considered. The initial pre-
scription date was the index date. Individuals who received
prescriptions for both medications on the index date,
patients who were ineligible for health insurance, and those
who had had lung volume reduction surgery or transplanta-
tion were excluded.

Baseline Characteristics
A wide variety of baseline characteristics were determined using
the health administrative data (eTable 1 in the Supplement).
Neighborhood income quintiles, shown to be a reasonable proxy
for socioeconomic status,15 were determined by linking postal
codes to census data. General measures of comorbidity based
on diagnostic information from health services use in the 2 years
prior to the index date were determined using the Johns Hop-
kins Adjusted Clinical Group Case-Mix System.16

COPD chronic obstructive pulmonary
disease

ICS inhaled corticosteroid

LAA long-acting anticholinergic

LABA long-acting �-agonist
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Outcome Measures
The primary outcome was a composite of all-cause mortality
and COPD hospitalization (International Statistical Classifica-
tion of Diseases, Tenth Revision [ICD-10] codes J41-J43). We ex-
cluded COPD hospitalizations with acute lower respiratory tract
infection (ICD-10 code J44.0) because we wanted to analyze
pneumonia separately. A composite outcome was chosen be-
cause factors that lead to COPD hospitalization also lead to mor-
tality; however, we also analyzed mortality and COPD hospi-
talizations as distinct outcomes.

Secondary outcomes included hospitalization for pneu-
monia (ICD-10 codes J10-J18 and J44.0) and hospitalization for
fragility fractures of the spine, pelvis, forearm, or hip (ICD-10
codes S32, S52, and S72) likely to result from osteoporosis—
both are suggested adverse effects of ICSs.7,8

Patients who did not experience an outcome of interest
were censored on March 15, 2012.

Statistical Analysis
Propensity score matching was used to compare patients with
similar observed characteristics, all of whom were potential
candidates for LABAs or LABAs and ICSs.17 Multivariable lo-
gistic regression was used to compute the propensity score for
receiving LABAs alone using all the measured baseline char-
acteristics as predictors. Individuals prescribed LABAs were
then matched with up to 3 individuals prescribed LABAs and
ICSs on the basis of age (±1 year), sex, codiagnosis of asthma,
COPD duration, and propensity score (±0.2 SDs). An absolute
standardized difference of less than 10% on all covariates was
accepted as adequate balance.18

We used Cox regression analysis to compare outcomes be-
tween the groups while accounting for matching by using mar-
ginal proportional hazards models.19 For hospitalization out-
comes, censoring on mortality would have been inappropriate
because it is a more serious and common outcome. There-
fore, we used subdistribution hazard models to account for the
competing risk of mortality to avoid bias due to the high mor-
tality rate.20

All statistical tests were 2-sided with P < .05 defined as the
level of statistical significance and were performed using SAS,
version 9.1 (SAS Institute Inc).

Additional Analyses
Stratification factors of interest were identified a priori. We
stratified by codiagnosis of asthma21 because those with asthma
might benefit more from LABA-ICS combination therapy and
those without asthma are not normally considered to be cor-
ticosteroid responsive.22 We stratified by current or baseline
use of LAAs, defined by receipt in the previous year, because
they are commonly used in the management of COPD. In a post
hoc analysis, we explored a potential 3-way interaction among
the main treatment effect, receiving LAAs, and a codiagnosis
of asthma. We also stratified by previous receipt of spirom-
etry, the recommended diagnostic test for COPD,23 to deter-
mine whether more certainty about the diagnosis of COPD
influenced the results.

Propensity score calibration, using supplementary data
from the Canadian Community Health Survey, was used to in-

corporate data on variables not available in the health admin-
istrative data (eAppendix in the Supplement).24 We used an
approach proposed by Schneeweiss,25 as we have done
previously,14,26 to determine the effect on our findings of po-
tential COPD misclassification due to the case definition hav-
ing an imperfect positive predictive value (eAppendix in the
Supplement). Although we realized that it might be informa-
tive censoring that creates bias, to assess whether low adher-
ence was affecting the results we conducted 2 further analy-
ses, one in which individuals were censored at the time that
they stopped using their initially prescribed medication and
another in which they were censored 2 months before stop-
ping (eAppendix in the Supplement).

Results
We identified 38 266 patients with physician-diagnosed COPD
who newly started LABAs or LABAs and ICSs. Of those, 111 pa-
tients started both, 534 patients were ineligible for health in-
surance, and 74 patients had received lung reduction or trans-
plantation and were excluded, leaving 3258 new users of LABAs
and 34 289 new users of LABAs and ICSs. Compared with new
users of LABAs and ICSs, prior to matching, new users of LABAs
alone were older, more likely to receive other COPD medications,
and more likely to have had a COPD or COPD-related hospital-
ization 6 months prior to the index date (Table 1 and eTable 1
in the Supplement). Prior to matching, new users of LABAs and
ICSs had a significantly lower unadjusted risk of death or
COPD hospitalization (hazard ratio [HR], 0.76; 95% CI, 0.72-0.79)
compared with new users of LABAs alone (eTable 2 in the
Supplement).

After matching, there were 3160 new users of LABAs and
8712 new users of LABAs and ICSs who were followed up for
median times of 2.5 and 2.7 years, respectively. The standard-
ized differences for all baseline characteristics were less than
10%, indicating acceptable balance.

The primary outcome was observed among 2129 new us-
ers of LABAs (1179 deaths [37.3%]; 950 COPD hospitalizations
[30.1%]) and 5594 new users of LABAs and ICSs (3174 deaths
[36.4%]; 2420 COPD hospitalizations [27.8%]). There was a
modest but significantly lower risk of the composite out-
come among new users of LABAs and ICSs compared with new
users of LABAs alone (HR, 0.92; 95% CI, 0.88-0.96) (Table 2).
Similarly lower risks were also observed for mortality and COPD
hospitalizations analyzed separately. There was no signifi-
cant difference in the risk of pneumonia or fracture hospital-
ization. Calibrating the propensity score using supplementary
survey data on smoking, body mass index, and self-reported
health had little effect (eTable 3 in the Supplement).

Differences in the association between LABA-ICS combi-
nation therapy vs LABAs alone and the primary outcome were
observed in stratified analyses (Table 3). There was a statisti-
cally significant lower risk of the primary outcome among those
with a codiagnosis of asthma (HR, 0.84; 95% CI, 0.77-0.91),
those not receiving LAAs (HR, 0.79; 95% CI, 0.73-0.86), and
those who had not received spirometry (HR, 0.87; 95% CI, 0.81-
0.93). When a 3-way interaction among treatment, LAA use,
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Table 1. Selected Baseline Characteristics by Initially Prescribed Medication, Before and After Propensity Score Matchinga

Characteristics

Before Propensity Score Matching After Propensity Score Matching

Initially Prescribed Therapy
Standardized

Difference

Initially Prescribed Therapy
Standardized

Difference
LABAs and ICSs

(n=34 289)
LABAs Alone

(n=3258)
LABAs and ICSs

(n=8712)
LABAs Alone

(n=3160)
Demographics

Age, mean (SD), y 76.26 (7.26) 77.12 (6.90) 0.12 76.78 (6.71) 76.98 (6.78) 0.03

Women 16 122 (47.0) 1537 (47.2) 0 4076 (46.8) 1485 (47.0) 0

Income quintile 0.04 0.01

1 (lowest) 8512 (24.8) 793 (24.3) 2102 (24.1) 766 (24.2)

2 7744 (22.6) 727 (22.3) 1946 (22.3) 706 (22.3)

3 6612 (19.3) 601 (18.4) 1604 (18.4) 585 (18.5)

4 6071 (17.7) 588 (18.0) 1597 (18.3) 573 (18.1)

5 (highest) 5333 (15.6) 547 (16.8) 1463 (16.8) 530 (16.8)

Rural residence 5447 (15.9) 542 (16.6) 0.02 1553 (17.8) 524 (16.6) 0.03

Index year 0.69 0.07

2003 1316 (3.8) 285 (8.7) 652 (7.5) 272 (8.6)

2004 4022 (11.7) 809 (24.8) 1961 (22.5) 754 (23.9)

2005 3756 (11.0) 622 (19.1) 1634 (18.8) 602 (19.1)

2006 3773 (11.0) 503 (15.4) 1409 (16.2) 494 (15.6)

2007 4670 (13.6) 330 (10.1) 961 (11.0) 330 (10.4)

2008 5084 (14.8) 274 (8.4) 833 (9.6) 274 (8.7)

2009 5042 (14.7) 218 (6.7) 653 (7.5) 217 (6.9)

2010 5173 (15.1) 167 (5.1) 473 (5.4) 167 (5.3)

2011 1453 (4.2) 50 (1.5) 136 (1.6) 50 (1.6)

COPD and general care

Duration of COPD, y 0.08 0.02

<1 6519 (19.0) 653 (20.0) 1702 (19.5) 638 (20.2)

1-5 7852 (22.9) 834 (25.6) 2172 (24.9) 798 (25.3)

>5 19 918 (58.1) 1771 (54.4) 4838 (55.5) 1724 (54.6)

Most recent hospitalization for COPD 0.24 0.05

<6 mo 8342 (24.3) 1044 (32.0) 2565 (29.4) 992 (31.4)

6 mo to 5 y 4782 (13.9) 583 (17.9) 1491 (17.1) 554 (17.5)

>5 y or never 21 165 (61.7) 1631 (50.1) 4656 (53.4) 1614 (51.1)

Most recent hospitalization for COPD-related conditionb 0.15 0.04

<6 mo 3811 (11.1) 492 (15.1) 1186 (13.6) 458 (14.5)

6 mo to 5 y 3361 (9.8) 391 (12.0) 966 (11.1) 372 (11.8)

>5 y or never 27 117 (79.1) 2375 (72.9) 6560 (75.3) 2330 (73.7)

Most recent ED visit for COPD 0.05 0.02

<6 mo 1875 (5.5) 197 (6.0) 485 (5.6) 191 (6.0)

6 mo to 5 y 2538 (7.4) 282 (8.7) 710 (8.1) 267 (8.4)

>5 y or never 29 876 (87.1) 2779 (85.3) 7517 (86.3) 2702 (85.5)

Most recent ED visit for COPD-related conditionb 0.02 0.01

<6 mo 1301 (3.8) 112 (3.4) 316 (3.6) 110 (3.5)

6 mo to 5 y 3225 (9.4) 305 (9.4) 811 (9.3) 296 (9.4)

>5 y or never 29 763 (86.8) 2841 (87.2) 7585 (87.1) 2754 (87.2)

Previous spirometry testing 0.06 0.02

Never 8801 (25.7) 877 (26.9) 2272 (26.1) 837 (26.5)

<5 y ago 19 331 (56.4) 1871 (57.4) 5099 (58.5) 1826 (57.8)

≥5 y ago 6157 (18.0) 510 (15.7) 1341 (15.4) 497 (15.7)

No. of general practitioner visits in previous year, median (IQR) 6 (3-11) 6 (3-11) 0.04 6 (3-11) 6 (3-11) 0.01

Continuity of care index, mean (SD)c 0.72 (0.27) 0.70 (0.28) 0.07 0.70 (0.28) 0.70 (0.28) 0.02

No. of medications taken in previous year, median (IQR) 6 (4-9) 7 (4-9) 0.11 6 (4-9) 7 (4-9) 0.02

Visit to a specialist in the past year 15 575 (45.4) 1494 (45.9) 0.01 4062 (46.6) 1465 (46.4) 0.01

(continued)
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and codiagnosis of asthma was explored, the interaction term
was not significant (P = .31), but stratified analyses were con-
ducted for exploratory purposes. Among individuals who did
not have asthma and who were not receiving LAAs, new us-
ers of LABA-ICS combination therapy were at a significantly
lower risk of the primary outcome compared with new users
of LABAs alone (HR, 0.83; 95% CI, 0.75-0.92).

Misclassification of COPD diagnosis could explain the
significant association between medication groups and the
primary outcome. However, only in extreme and unlikely
scenarios would the results in those with asthma or without
asthma not receiving LAAs be negated (eTable 4 in the
Supplement).

When individuals were censored when they stopped using
their initially prescribed medication, the HR of the primary out-
comes was 0.94 (95% CI, 0.88-1.00), and when they were cen-

sored 2 months prior to when they stopped using their ini-
tially prescribed medication, it was 0.96 (95% CI, 0.90-1.03).

Discussion
We conducted a population-based study in adults aged 66 years
or older with COPD and observed that new use of LABA-ICS
combination therapy was associated with a modest but sta-
tistically significant lower risk of the composite outcome of
death or COPD hospitalization compared with new use of
LABAs alone and a more pronounced lower risk in subgroups
of individuals with asthma and who were not receiving LAAs.
To the best of our knowledge, this is the first large, real-world
population study to compare LABAs and LABA-ICS combina-
tion therapy.

Table 1. Selected Baseline Characteristics by Initially Prescribed Medication, Before and After Propensity Score Matchinga (continued)

Characteristics

Before Propensity Score Matching After Propensity Score Matching

Initially Prescribed Therapy
Standardized

Difference

Initially Prescribed Therapy
Standardized

Difference
LABAs and ICSs

(n=34 289)
LABAs Alone

(n=3258)
LABAs and ICSs

(n=8712)
LABAs Alone

(n=3160)
Comorbidity diagnosed prior to index date

Overall level of comorbidityd 0.05 0.03

Low 10 970 (32.0) 1066 (32.7) 2758 (31.7) 1039 (32.9)

Moderate 13 394 (39.1) 1193 (36.6) 3328 (38.2) 1163 (36.8)

High 9925 (28.9) 999 (30.7) 2626 (30.1) 958 (30.3)

Lung cancer 2414 (7.0) 298 (9.1) 0.08 756 (8.7) 285 (9.0) 0.01

Other cancers 7818 (22.8) 780 (23.9) 0.03 2081 (23.9) 756 (23.9) 0

Diabetes 10 184 (29.7) 898 (27.6) 0.05 2400 (27.5) 872 (27.6) 0

Asthma 11 027 (32.2) 940 (28.9) 0.07 2475 (28.4) 894 (28.3) 0

Hypertension 25 616 (74.7) 2322 (71.3) 0.08 6278 (72.1) 2254 (71.3) 0.02

End-stage renal disease 989 (2.9) 128 (3.9) 0.06 328 (3.8) 122 (3.9) 0.01

Other COPD medication use in previous year

Long-acting anticholinergic 18 754 (54.7) 2112 (64.8) 0.2 5413 (62.1) 2036 (64.4) 0.05

Short-acting anticholinergic 8006 (23.3) 1417 (43.5) 0.47 3405 (39.1) 1330 (42.1) 0.06

Short-acting β-agonist 20 050 (58.5) 2 325 (71.4) 0.26 5987 (68.7) 2233 (70.7) 0.04

Methylxanthine 764 (2.2) 122 (3.7) 0.1 306 (3.5) 112 (3.5) 0

No. of prescriptions for oral steroids 0.05 0.02

0 26 423 (77.1) 2489 (76.4) 6695 (76.8) 2416 (76.5)

1 4860 (14.2) 438 (13.4) 1195 (13.7) 431 (13.6)

≥2 3006 (8.8) 331 (10.2) 822 (9.4) 313 (9.9)

No. of prescriptions for antibiotics 0.14 0.03

0 11 791 (34.4) 1328 (40.8) 3430 (39.4) 1283 (40.6)

1 9575 (27.9) 880 (27.0) 2399 (27.5) 858 (27.2)

≥2 12 923 (37.7) 1050 (32.2) 2883 (33.1) 1019 (32.2)

Other medication use in previous year

Angiotensin-converting enzyme inhibitors 14 222 (41.5) 1430 (43.9) 0.05 3755 (43.1) 1376 (43.5) 0.01

β-Blockers 10 889 (31.8) 1039 (31.9) 0 2744 (31.5) 995 (31.5) 0

Statins 16 977 (49.5) 1377 (42.3) 0.15 3772 (43.3) 1344 (42.5) 0.02

Abbreviations: COPD, chronic obstructive pulmonary disease; ED, emergency
department; ICS, inhaled corticosteroid; IQR, interquartile range;
LABA, long-acting β-agonist.
a Data are expressed as No. (%) unless otherwise indicated.
b Pneumonia, influenza, or acute bronchitis.

c Continuity of care measured using the Bice method. The index ranges from 0
(each visit involves a different clinician than all other visits) to 1 (all visits were
billed by a single clinician), where higher scores represent greater continuity.27

d As measured using the Johns Hopkins Adjusted Clinical Group Case-Mix
System.16
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Our findings contribute new knowledge to the treatment
of people with COPD with and without a codiagnosis of asthma.
Patients with asthma-COPD overlap syndrome comprised 28%
of our matched cohort, an amount consistent with other
studies.28,29 Our finding of an association between LABAs and
ICSs and outcomes helps clarify the management of patients
with COPD and asthma, as many studies of COPD medica-
tions have excluded people with asthma and vice versa. In ad-
dition, practice guidelines for COPD recommend that LABAs
be considered first-line treatment while asthma guidelines
warn against use of LABAs without ICSs. Our findings also of-
fer insight into the optimal treatment of COPD patients with-
out asthma—those who would not be considered especially cor-
ticosteroid responsive. In this subgroup, those who did not

have asthma who were not receiving LAAs and who received
LABAs and ICSs had a lower risk of the composite outcome of
a magnitude similar to people with asthma. People without
asthma who received LAAs did not have an association with
better outcome, perhaps because the gains conferred by LAAs
reduced the incremental benefit of LABA-ICS therapy or be-
cause in general they had more severe disease, which made
them less responsive to medications. Previous studies com-
paring triple therapy with LABAs, ICSs, and LAAs and dual
therapy with LABAs and LAAs have not been of sufficient qual-
ity to draw conclusions.30

Our study is consistent with a recent systematic review and
meta-analysis of RCTs that found that people taking combi-
nation LABA-ICS therapy had non–statistically significant lower

Table 2. Associations of Study Outcomes in New Users of LABA-ICS Combination Therapy Compared With New Users of LABAs Alone
After Propensity Score Matching

Outcomes

New LABA and ICS Users, No. (%)
(n = 8712)

New LABA Alone Users, No. (%)
(n = 3160) Difference

in Outcomes
at 5 y, %
(95% CI)

Propensity Score–Matched
Regression

Had Outcome
Had Outcome

at 5 y Had Outcome
Had Outcome

at 5 y
Hazard Ratio

(95% CI)a P Value
Death or hospitalization
for COPD

5594 (64.2)b 5010 (57.5) 2129 (67.4)c 1933 (61.2) −3.7 (−5.7 to −1.7) 0.92 (0.88-0.96) <.001

Death 4815 (55.3) 4142 (47.5) 1853 (58.6) 1613 (51.0) −3.5 (−5.5 to −1.5) 0.92 (0.87-0.97) <.001

Hospitalization for COPDd 2420 (27.8) 2199 (25.2) 950 (30.1) 881 (27.9) −2.7 (−4.5 to −0.9) 0.91 (0.85-0.98) .01

Hospitalization
for pneumoniad

2486 (28.5) 2220 (25.5) 894 (28.3) 811 (25.7) −0.2 (−2.0 to 1.8) 1.01 (0.93-1.08) .88

Hospitalization
for fracture of hip,
wrist, or vertebraed

495 (5.7) 423 (4.9) 159 (5.0) 145 (4.6) 0.3 (−0.6 to 1.2) 1.13 (0.95-1.35) .17

Abbreviations: COPD, chronic obstructive pulmonary disease; ICS, inhaled
corticosteroid; LABA, long-acting β-agonist.
a Reflects the risk of outcome in new users of LABAs and ICSs compared with

new users of LABAs alone.
b Composite end point in the LABA-ICS group consists of 2420 COPD

hospitalizations (27.8%) and 3174 deaths (36.4%) that did not have a

preceding COPD hospitalization during follow-up.
c Composite end point in the LABA alone group consists of 950 COPD

hospitalizations (30.1%) and 1179 deaths (37.3%) that did not have a preceding
COPD hospitalization during follow-up.

d Hospitalization outcomes were modeled using subdistribution proportional
hazards models to account for the competing risk of death.

Table 3. Stratified Associations of Death or Hospitalization for COPD Among New Users of LABA-ICS Combination Therapy
Compared With New Users of LABAs Alone

Stratifying Characteristics

No. With Outcome/Total (%) P Value
for

Interaction

Difference
in Outcome

at 5 y, %
(95% CI)

Propensity Score–Matched
Regression

New LABA
and ICS Users

New LABA Alone
Users

Hazard Ratio
(95% CI)a P Value

Asthma

No diagnosis of asthma 4098/6237 (65.7) 1532/2266 (67.6)
<.001

−2.5 (−4.8 to −0.2) 0.96 (0.90-1.01) .13

Diagnosis of asthma 1496/2475 (60.4) 597/894 (66.8) −6.5 (−10.3 to −2.7) 0.84 (0.77-0.91) <.001

Receipt of LAAs

No receipt 1695/2850 (59.5) 733/1072 (68.4)
<.001

−8.4 (−11.9 to −4.9) 0.79 (0.73-0.86) <.001

Receipt 3616/5536 (65.3) 1347/2030 (66.4) −0.9 (−3.4 to 1.6) 1.01 (0.95-1.07) .76

Asthma and receipt of LAAs

No diagnosis of asthma and no LAA receipt 1146/1824 (62.8) 484/692 (69.9)

.31

−7.7 (−12.0 to −3.4) 0.83 (0.75-0.92) <.001

No diagnosis of asthma and LAA receipt 2798/4225 (66.2) 1019/1541 (66.1) 0.6 (−2.2 to 3.4) 1.05 (0.98-1.13) .15

Diagnosis of asthma and no LAA receipt 549/1026 (53.5) 249/380 (65.5) −9.5 (−15.4 to −3.6) 0.73 (0.64-0.84) <.001

Diagnosis of asthma and LAA receipt 818/1311 (62.4) 328/489 (67.1) −5.8 (−10.9 to −0.7) 0.88 (0.78-0.99) .045

Spirometry

No spirometry prior to index date 2032/2987 (68.0) 889/1214 (73.2)
<.001

−6.0 (−9.1 to −2.9) 0.87 (0.81-0.93) <.001

Spirometry prior to index date 2967/5013 (59.2) 1110/1801 (61.6) −2.7 (−5.4 to 0.0) 0.95 (0.89-1.02) .13

Abbreviations: COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroid; LAA, long-acting anticholinergic; LABA, long-acting β-agonist.
a Reflects the risk of outcome in new users of LABAs and ICSs compared with new users of LABAs alone.
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hospitalization rates (rate ratio, 0.79; 95% CI, 0.55-1.13) and mor-
tality (odds ratio, 0.92; 95% CI, 0.76-1.11) than people taking
LABAs alone.7 Our study extends these findings by examin-
ing a population with more outcomes, thus allowing results
to reach statistical significance. It also includes and is gener-
alizable to patients excluded from many of the RCTs in the re-
view. In addition, some RCTs included volunteers who could
have been receiving at least 1 of the medications before and
who, because they agreed to take it again, were more likely to
tolerate it and have favorable outcomes.14

Our study is also consistent with a systematic review of
RCTs that did not observe a higher occurrence of fractures
among LABA-ICS users compared with users of LABAs alone.8

It is not consistent with a systematic review of RCTs that ob-
served an increased risk of pneumonia among combination
LABA-ICS users.7 Differences between observational studies
and RCTs, notably our inclusion of frailer patients who were
more likely to have risk factors for pneumonia hospitaliza-
tion that overshadowed the risks of these medications, may
explain this discrepancy. One observational study comparing
ICSs with no ICSs that included frailer patients found pneu-
monia to be increased among the former.31 There are many dif-
ferences in study design that might explain why its results dif-
fered from ours (eAppendix in the Supplement).

Our study had limitations. Unlike RCTs, observational
study designs are susceptible to unmeasured confounding.
Through the inclusion of multiple prognostic variables, and
considering others through propensity score calibration, we
strived to ensure that we accounted for all possible confound-
ers. However, it is possible that there were residual differ-
ences between the groups.

Using health administrative data to identify people with
COPD might have also led to misclassification of individuals
with COPD. A plausible scenario that could have explained our
overall results is that, due to an imperfect positive predictive
value of our case definition, all the patients potentially mis-
classified as having COPD when they did not were in the LABA-
ICS combination group and had a 20% decrease in risk of the
primary outcome, perhaps because they truly had asthma.
However, these patients would have had to have a 50% de-
creased risk of the primary outcome in those with asthma and

a 40% decrease in those without asthma not receiving LAAs
to explain the results—scenarios that we believe highly un-
likely. It was also possible that due to an imperfect negative
predictive value, there were people misclassified as not hav-
ing COPD who were not included in our study when they should
have been. Thus, while our findings likely apply to the major-
ity of people with COPD, they might not apply to all.

In addition, as reflective of real life, adherence to medi-
cation was at the same low level as found in previous
studies14,32 (eTable 5 in the Supplement). We considered but
rejected conducting a time-on-treatment sensitivity analy-
sis because people receiving LABAs often stepped up to
LABAs and ICSs but not vice versa. As a result, people in the
LABA-ICS group would be more likely to have advanced dis-
ease and to do worse. By using only new users, we were able
to create comparable groups and follow them up in an
intention-to-treat manner, taking medication changes that
commonly occur in the community into consideration.
More people in the LABA group were receiving LABAs
alone—at least until they stepped up to LABAs and ICSs—
and more people in the LABA-ICS group were receiving
LABAs and ICSs (eTable 5 in the Supplement). Thus, real-
world conditions, specifically crossover, attenuated the
groups’ differences, producing conservative results that
likely caused us to underestimate the incremental benefit of
LABAs and ICSs over LABAs alone. When we censored
people at or before the point when they stopped using the
initially prescribed medication, the results were similar.

The strengths of our study include its population, real-
world relevance, and power to examine the relative effects of
LABAs compared with LABAs and ICSs in various subgroups.

Conclusions
Among older adults with COPD, particularly those with asthma
and those not receiving an LAA, newly prescribed LABA-ICS
combination therapy, compared with newly prescribed LABAs
alone, was associated with a significantly lower risk of the com-
posite outcome of death or COPD hospitalization. These find-
ings should be confirmed in RCTs.
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