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Introduction: Patients with chronic obstructive pulmonary disease (COPD) increasingly receive combination 
bronchodilator therapies. Real world evidence for the benefits of combination therapy compared to monotherapy 
is lacking.
Methods: COPD patients aged ≥ 40 years initiating monotherapy (MT) with either a long-acting muscarinic 
antagonist (LAMA) or long-acting beta2-agonist (LABA) or dual therapy (DT) with a LAMA/LABA fixed 
dose combination (FDC) between January 1, 2016 and December 31, 2016 were identified from a large U.S. 
administrative claims database. Patients diagnosed with cystic fibrosis, idiopathic pulmonary fibrosis, or 
asthma were excluded. Cohorts were propensity score matched 1:1 using baseline measures (e.g., exacerbations, 
hospitalizations) as proxies for COPD severity to create balanced cohorts. 
Results: Following propensity score matching (PSM), 1286 patients remained in each cohort for analysis. Patients 
were followed for approximately 1 year. Patients in the DT versus MT cohort had lower rates of exacerbations 
leading to hospitalization (incidence rate ratio 0.7886; p=0.019), lower mean COPD-related pharmacy costs per 
patient per month (PPPM) ($300 versus $379, respectively; p<0.001) and total costs PPPM ($990 versus $1203, 
respectively; p=0.003). This occurred despite lower mean COPD-related pharmacy fills PPPM in the DT versus 
MT cohorts (1.41 versus 1.51, respectively; p=0.038). Patients in the DT cohort had lower rates of switching 
(p<0.001) and augmentation (p<0.001), and higher rates of non-persistence (p<0.001) versus the MT cohort. 
Rates of discontinuation were similar. 
Conclusions: Patients in the DT cohort had lower rates of exacerbations leading to hospitalization, lower COPD-
related pharmacy and total costs PPPM, and lower rates of switching and augmentation compared to patients 
in the MT cohort.
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Chronic obstructive pulmonary disease (COPD) 
ranks fourth after cancer, heart disease, and 
unintentional injuries as a leading cause of death in 
the United States.1 Patients with COPD typically 
experience persistent respiratory symptoms and 
airflow obstruction.2 The total medical costs associated 
with COPD in 2010 in the United States were estimated 
at $32.1 billion, with costs due to work absenteeism 
accounting for an additional $3.9 billion.3 

For the treatment of moderate or severe COPD, the 
Global initiative for chronic Obstructive Lung Disease 
(GOLD)2 recommends either monotherapy (MT) with 
a long-acting muscarinic antagonist (LAMA) or a 
long-acting beta2-agonist (LABA), or combination 
therapy with a LAMA/LABA, inhaled corticosteroid 
(ICS)/LABA, or ICS/LAMA/LABA. Decisions among 
these medication classes are stratified by severity of 
symptoms and exacerbation frequency and severity, 
instead of spirometric category (level of forced 
expiratory volume in 1 second [FEV1]). 

A retrospective administrative claims study 
conducted by Dalal and colleagues4 reported that 
the frequency of exacerbations in the first year of the 
study (2008) predicted the frequency and intensity of 
exacerbations in the subsequent 2-year period. They 
also reported significantly higher COPD-related mean 
annual per-patient costs for patients who experienced 
frequent (i.e., ≥ 2) exacerbations in the first year ($3565 
in 2009 and $3528 in 2010), compared to those who did 
not experience exacerbations in the first year ($1007 
in 2009 and $1027 in 2010; P<0.05). Although Dalal 

Introduction 

et al reported that ICS/LABA was the most common 
type of combination therapy used across exacerbation 
categories, they did not report further detail such as 
the number of patients receiving other combination 
therapies.

 Patients with COPD increasingly receive 
combination bronchodilator therapies. Evidence 
examining whether the addition of a second 
bronchodilator improves patient outcomes in a real-
world setting is lacking. The objective of this study 
was to compare the frequency of COPD-related 
exacerbations, all-cause and COPD-related health 
care resource utilization and costs, between patients 
with COPD initiating LAMA/LABA fixed-dose 
combination (FDC) therapy (DT) versus LAMA or 
LABA MT, adjusted for baseline characteristics as 
proxies for COPD severity.

Study Design 
This observational retrospective analysis used 
the Optum Research Database, which includes 
approximately 14 million enrollees in commercial 
U.S. health insurance plans and 3 million enrollees 
in Medicare Advantage with Part D (MAPD) plans 
annually. This medical and pharmacy administrative 
claims database was used to identify patients with 
treatment initiation (index date) of a LAMA, LABA, 
or LAMA/LABA FDC between January 1, 2016 to 
December 31, 2016. The follow-up period was variable 
from January 1, 2016, to June 30, 2017, depending 
on the index date; however, all patients were followed 
for ≥ 6 months. The baseline period was the 9-month 
period before treatment initiation (Figure 1).  

A subset of patients identified for this study was 
invited to participate in a separate survey study.5 The 
retrospective analysis reported here was included in 
the survey protocol, which received ethics approval 
and a waiver of authorization from the New England 
Institutional Review Board.

Population 
Inclusion Criteria: Patients were included if they were 
aged ≥ 40 years as of the year of the index date and 
had ≥ 1 pharmacy claim for MT with either a LAMA or 
LABA or FDC DT with LAMA/LABA (see online data 
supplement, eTable 1) during the identification period 
(index date=first prescription date). In addition, they 
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were required to have ≥ 2 medical claims ≥ 30 days 
apart with an International Classifications of Diseases, 
Ninth Revision, Clinical Modification (ICD-9-CM) or 
ICD-Tenth  Revision-CM (ICD-10-CM) diagnosis code 
for COPD (see online data supplement eTable 2) in any 
position (to limit the likelihood of capturing rule-out 
testing, diagnostic claims were excluded); continuous 
enrollment in the health plan from the index date to 
June 2017 (follow-up period) and 9 months prior to 
the index date (baseline period); and any day supply 
of index medication on hand within the month prior to 
patient identification for survey invitation. 

Exclusion Criteria: Patients were excluded if they were 
diagnosed with cystic fibrosis, idiopathic pulmonary 
fibrosis, or asthma (See online data supplement, 
eTable 3) during the identification or baseline period; 
≥ 1 pharmacy claim for LAMA, LABA, or LAMA/
LABA FDC within 3 months prior to index date; ≥ 3 
pharmacy claims for any of these medications within 9 
months prior to the index date; or ≥ 1 pharmacy claim 
for an ICS or ICS/LABA within 2 months prior to the 
index date.

Cohorts
The DT cohort consisted of patients initiating a LAMA/
LABA FDC with no prior LAMA, LABA, or LAMA/
LABA FDC in the 3 months prior to the index date and 
< 3 prescription fills of any of these medications in the 
9 months prior to the index date, and no ICS or ICS/
LABA in the 2 months prior to the index date.

The MT cohort consisted of patients initiating a 
LAMA or LABA with no prior LAMA, LABA, or LAMA/
LABA FDC in the 3 months prior to the index date and 

< 3 prescription fills of any of these medications in the 
9 months prior to the index date, and no ICS or ICS/
LABA in the 2 months prior to the index date. 

Outcomes
COPD Exacerbations: COPD exacerbations included 
those scenarios in which each episode could consist 
of multiple health care encounters (exacerbation 
events), and in which the exacerbation ended when 14 
days passed without any exacerbation events. COPD 
exacerbation events were defined as an inpatient 
hospitalization with a primary diagnosis for COPD 
(start and end dates of exacerbation were defined as 
the inpatient hospitalization admit and discharge 
dates, respectively), or an emergency department (ED) 
visit with a diagnosis in any position for COPD (start 
and end dates of exacerbation were defined as the ED 
service date). Also included as an exacerbation event 
was an ambulatory visit (office or outpatient) with a 
diagnosis in any position for COPD and a procedure 
code for steroid and/or antibiotic administration 
during the visit, or a pharmacy claim for a steroid 
and/or antibiotic on the same day or within 10 days 
following the ambulatory visit (start and end dates of 
the exacerbation were defined as the ambulatory visit 
service date).

COPD Severity: Each exacerbation episode was 
classified as severe or moderate based on the site of 
care. COPD-related hospitalizations or COPD-related 
ED visits were classified as severe. COPD-related 
ambulatory visits were classified as moderate.

Medication Use: Medication possession ratio (MPR) 
was used as a measure of compliance with the index 
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therapy. MPR was calculated by summing the number 
of days supplied of the index therapy for all but the 
last fill in the observation period and dividing the sum 
by the number of days between the first and the last 
prescription refill.

Proportion of days covered (PDC) was also used as a 
measure of compliance and represents the proportion 
of time over the course of a patient’s index therapy 
that he/she theoretically was in possession of the 
medication. PDC was calculated by dividing the 
number of days on which a medication was available 
(based on filled prescriptions) by the number of 
days between the earliest prescription claim in the 
observation period through the end of the observation 
period.

A change in index therapy was measured for the 
entire follow-up period; however, patients who 
changed therapy could only be classified into 1 of the 
following categories: discontinuation (defined as a gap 
in therapy of ≥ 60 days), switch, augmentation, or step 
down. Also, any changes following the initial change 
were not captured. A switch in therapy was defined as 
a discontinuation of the index therapy and start of a 
new therapy within 60 days after the index therapy 
run-out date. Augmentation was defined as additional 
therapy added to the index therapy within 60 days 
after the index therapy run-out date. Step down was 
defined as removal of a therapy in the index therapy 
within 60 days after the index therapy run-out date. 
Two additional medication measures in addition to the 
main 4 measures included discontinuation of index 
therapy defined as a gap in therapy of ≥ 90 days and 
non-persistence defined as at least 1 interrupted day 
on therapy.

Health Care Utilization and Costs: All-cause and 
COPD-related health care utilization and costs were 
calculated for the baseline and follow-up periods. “All-
cause” included all health care utilization consumed 
during the study regardless of the diagnosis, and 
“COPD-related” included medical claims with a COPD 
diagnosis (see online data supplement, eTable 2) in 
any position, or if the pharmacy claim was for a COPD 
medication (see online data supplement, eTable 4). 
Also included were claims that did not have a COPD 
diagnosis but occurred between the start and end dates 
of an exacerbation + 14 days or was a diagnostic work-
up procedure (e.g., pulmonary imaging, spirometry) 
or breathing assistance (e.g., oxygen, ventilation). 
The diagnostic work-up procedures and breathing 

assistance were reported as a separate category, 
“tests and procedures,” for COPD-related costs. Costs 
combined health plan and patient-paid amounts 
and were adjusted using the annual medical care 
component of the Consumer Price Index.6

Statistical Analysis
Because the study cohorts were non-randomized, 
propensity score matching (PSM)7 was performed 
to balance or adjust for confounders between study 
cohorts. Patients were matched to one another at a 1:1 
ratio to create study cohorts with balanced baseline 
characteristics. To create the propensity score, a 
logistic regression model was fitted for LAMA or 
LABA monotherapy versus LAMA/LABA FDC use 
as a function of the patients’ demographic, clinical 
characteristics, as well as baseline claims measures. 
These measures were used as proxies for COPD 
severity (see online data supplement, eTable 5). These 
model covariates were available up to the index date 
and thus had the potential to influence assignment of 
the index drug.

The baseline measures that were used as proxies for 
COPD severity included patient out-of-pocket health 
care costs, total health care costs, number of ED visits, 
age, gender, Quan-Charlson comorbidity score,8 and 
baseline use of a nebulizer. 

Also included as proxies for COPD severity were 
10 of the 12 components from Wu et al’s (2006) 
claims-based COPD severity score9 (see online data 
supplement, eTable 5). An actual severity score based 
on Wu et al was not calculated because 12 months of 
claims were required, and the present study included 
only 9 months. Anti-cholinergic and long-acting 
bronchodilators were removed because they were 
the index medications in this study, and short-acting 
muscarinic antagonists (SAMAs) were added because 
baseline counts of short-acting beta2-agonists 
(SABAs) were included as one of Wu’s 12 components. 
The following were included: hospitalization due 
to acute exacerbation of chronic bronchitis, oxygen 
therapy, emphysema, spirometry tests, pulmonologist 
visits, oral corticosteroids, inhaled corticosteroids, 
SABAs, SAMAs, and age (see online data supplement, 
eTable 5).

Because patients had a variable length of follow-up, 
results such as counts for exacerbations, counts for 
health care resource utilization, and mean costs, were 
reported as per patient per month (PPPM). 
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Baseline Findings
Following PSM, 1286 patients remained in each cohort 
for the analysis (MT: n=1238 taking a LAMA, n=48 
taking a LABA). The 2 cohorts were similar in mean 
age (MT 69.8 ± 9.4 versus DT 69.7 ± 9.7 years) and 
gender (MT 50.9% versus DT 49.5% female) (Table 
1). Approximately three-quarters of patients in both 
cohorts were MAPD health plan enrollees, and 93% 
lived in an urban area. A greater percentage of patients 
in the DT than MT cohort had a pulmonologist 
prescribe their index medication. In contrast, a 
greater percentage of patients in the MT cohort had a 
general practitioner or internist prescribe their index 
medication compared to the patients in the DT cohort. 

The 2 cohorts had similar Quan-Charlson 
comorbidity mean scores (MT 2.16 versus DT 2.26; 
P=0.154), and similar percentages of patients with the 
top 10 Agency for Healthcare Research and Quality 
(AHRQ) comorbid conditions. Exceptions included a 
higher percentage of patients in the DT cohort with 
symptoms related to lower respiratory disease and 
disorders of lipid metabolism, compared to the MT 
cohort.

Results

Exacerbations and index medication treatment 
patterns (e.g., discontinuation) were reported as 
incidence rate ratios (DT divided by MT), and 
comparisons were tested using an exact binomial test. 
A negative binomial regression model of incidence 
with an offset of follow-up days was used to compare 
the incidence rate of exacerbations between the 
2 cohorts, controlling for baseline covariates. The 
baseline covariates used in the models were the same 
covariates used in the PSM. Even though the covariates 
were used in the PSM, they were also used again in the 
models to customize the relationship to that specific 
model outcome.

A logistic regression model was used to compare 
the incidence rates of COPD-related hospitalizations 
between the 2 cohorts, controlling for baseline 
covariates. A gamma regression model with log link 
was used for the comparison of COPD-related costs 
and the all-cause costs between the 2 cohorts, while 
controlling for baseline covariates. Chi-square tests 
and t-tests were used for comparisons of demographic 
and outcome measures. Significance tests were 2-tailed 
and carried out at a .05 level of significance.

The 2 cohorts had similar baseline mean COPD-
related exacerbations PPPM, including those leading 
to hospitalization, those leading to ED visits, and those 
classified as severe or moderate. A similar percentage 
of patients were taking a SAMA or a SABA, but a 
greater percentage of patients in the DT versus MT 
cohort were taking a SAMA/SABA combination rescue 
medication. 

The 2 cohorts had similar baseline all-cause and 
COPD-related costs PPPM, and similar all-cause and 
COPD-related health care resource utilization (Table 
1). Exceptions included a higher percentage of patients 
with a COPD-related office visit (DT 89.0% versus MT 
81.1%, respectively; P<0.001) as well as COPD-related 
tests and procedures (DT 82.7% versus MT 79.5%, 
P=0.034), and a higher mean count of COPD-related 
office visits PPPM (DT 0.40 versus MT 0.35, P=0.001) 
and all-cause office visits PPPM (DT 1.48 versus MT 
1.37, P=0.020) for the DT than MT cohort.

Follow-up Findings
The mean duration of follow-up was significantly 
longer for the MT versus the DT cohort (mean 373.69 
days versus 326.54 days; P<0.001). Rescue medication 
use was similar for the 2 cohorts, as reflected in the 
mean average days of supply PPPM of SAMA (DT 
6.30 versus MT 6.10 days; P=0.903), SABA (DT 8.06 
versus MT 8.11; P=0.883) and SAMA/SABA (DT 
9.18 versus MT 7.82; P=0.080), and the mean average 
number of prescription fills PPPM of SAMA (DT 0.19 
versus MT 0.19; P=0.946), SABA (DT 0.31 versus MT 
0.30; P=0.445) and SAMA/SABA (DT 0.32 versus MT 
0.29; P=0.395). Index medication use was similar as 
measured by MPR (DT 77% versus MT 76%; P=0.242), 
but PDC was significantly lower in the DT (0.58) versus 
the MT (0.63) cohort (P<0.001). 

The DT cohort had lower rates of switching than the 
MT cohort (incidence rate ratio [IRR]: 0.19, P<0.001) 
and augmentation (IRR: 0.02, P<0.001; Table 2). Forty-
two patients in the DT cohort switched from LAMA/
LABA FDC to ICS/LABA FDC, and 154 patients in the 
MT cohort switched from LAMA to ICS/LABA FDC. 
Nine patients in the DT cohort and 358 patients in the 
MT cohort augmented to triple therapy. The DT cohort 
had higher rates of non-persistence compared to the 
MT cohort (IRR: 1.34, P<0.001) (Table 2). There were 
similar rates of discontinuation for the DT versus the 
MT cohort (IRR: 1.02 ≥ 60 days gap, P=0.714; IRR: 1.12, 
≥ 90 days gap, P=0.116; Table 2).  
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Exacerbations: The mean number of exacerbations 
PPPM was similar in both cohorts as were the mean 
number of severe and moderate exacerbations PPPM 
(Table 3). The negative binomial regression model 
for the incidence rate for exacerbations adjusted for 
baseline covariates found no differences between 
cohorts (IRR: 0.96, P=0.345). The DT cohort had 
a lower incidence rate of exacerbations leading to 
hospitalization when compared to the MT cohort 
(0.14 versus 0.18, IRR: 0.79, P=0.019; Table 4). There 
were no significant cohort differences in the rates of 
exacerbations leading to an ED or office visit. 

Health Care Resource Utilization and Costs: The 
cohorts were similar in all-cause health care resource 
utilization and costs, and COPD-related resources, 
with the exception of fewer pharmacy fills PPPM in 
the DT versus MT cohort (1.41 versus 1.51; P=0.038) 
(Table 5) . The DT versus MT cohort had lower mean 
COPD-related pharmacy cost PPPM ($300 versus 
$379; P<0.001) and total costs PPPM ($990 versus 
$1203; P=0.003; Table 5). 

In the gamma regression models adjusted for 
baseline covariates, DT had lower all-cause total costs 
PPPM (cost ratio: 0.91, P=0.036) and lower COPD-
related total costs PPPM (cost ratio: 0.79, P<0.001) 
compared to the MT cohort. In the logistic regression 
model adjusted for baseline covariates, the DT cohort 
had fewer COPD-related hospitalizations (odds ratio: 
0. 62, P<0.001) compared to the MT cohort.

Appropriate use of bronchodilator medication in COPD 
treatment remains a topic of debate. The addition of 
a second class of bronchodilator to maximal doses of 
1 bronchodilator adds numerically small increments 
to the peak post-bronchodilator FEV1 response.11 
However, when other COPD outcomes are measured, 
the second class of bronchodilator has been shown 
to reduce exacerbation frequency12 and dyspnea13 
and to improve exercise endurance14 compared to 
monotherapy. Therefore, a new class of LAMA/LABA 
FDC medications were developed and studied to 
determine if the added convenience of 2 medications 
in a single inhaler would translate to meaningful health 
benefits. Only now can real-world use of this new class 
of medication be studied in COPD. 

Real-world studies often produce different results 
than prospective, randomized controlled trials. There 
are multiple reasons for this discrepancy; among 
them is the fact that research study participants are 
heavily screened to obtain a population likely to 
achieve optimal treatment outcomes. Drug utilization 
is monitored and compliance is stressed. Study 
participants are encouraged to stay on allocated 
treatment assignments to obtain meaningful study 
outcomes that inform the science of COPD treatment 
response. Importantly, study medications are provided 

Discussion
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without cost.
In contrast, real-world studies recognize that 

medication adherence is dismal in most COPD patients. 
The refill rates of controller medications average 
40%-70%,15,16 and a major target of COPD disease 
management programs is to improve drug utilization 
known to decrease exacerbation frequency.17

One goal of LAMA/LABA FDC medications is to 
maximally improve symptoms that might improve 
downstream compliance. The problem with the study 
of index medication use in COPD is that many patients 

likely initiate therapy in the context of a physician 
visit for an exacerbation. The stimulus to continue 
medication after the exacerbation has resolved is 
likely dependent on disease severity. Therefore, this 
study design using propensity matching was the best 
attempt to include some minimally symptomatic early 
COPD patients and some more severe COPD patients 
within the same study cohort.

In this context, the findings of the current study 
suggest that patients in the DT cohort had better 
COPD control versus patients in the MT cohort as 
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evidenced by less switching and augmentation, fewer 
exacerbations leading to hospitalization, and lower 
COPD-related pharmacy and total costs. Minimal use 
of LABA MT observed in the current study reflects 
prescribing patterns in contemporary clinical practice. 

Our finding that the DT cohort experienced fewer 
exacerbations leading to hospitalization when 
compared to the MT cohort is similar to findings from a 
study conducted by Wedzicha (2013),18 who compared 
QVA149 LAMA/LABA FDC DT with LAMA MT. They 
found a significantly reduced rate of moderate to 
severe exacerbations with the FDC DT therapy when 
compared to LAMA MT, for patients with GOLD stage 
III or IV COPD. Similarly, Buhl (2015)19 found a trend 
in improvement in moderate to severe exacerbations 
when comparing tiotropium/olodaterol FDC DT to 
either tiotropium or olodaterol MT. Our study found 
an incident rate ratio that would approximate 1 
hospitalized exacerbation per 5.5 years in the MT 
cohort compared to 1 hospitalized exacerbation per 

7 years in the DT cohort. The significance of a lower 
hospitalized exacerbation rate is that exacerbations 
are the major component of total COPD cost. 

The results of the current study support the benefit 
of DT as demonstrated by lower mean COPD-related 
pharmacy and total costs PPPM for the DT versus MT 
cohort, and similar all-cause total costs PPPM for the 
2 cohorts. Regression models showed lower mean all-
cause costs PPPM for the DT versus MT cohort. Other 
studies have had similar findings. Kozma (2011)20 
found higher COPD-related costs associated with 
LAMA or LABA MT versus LAMA/LABA DT. To have 
lower all cause costs in the DT group implies that COPD 
control is important for management of comorbidities 
and validates that the reduction in exacerbation 
frequency is meaningful. Meaningful reduction in cost 
and improved patient symptoms despite use of a more 
expensive fixed-dose inhaler is a worthwhile trade-off 
for the health care system.  
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Limitations
There are several limitations associated with this 
study. This was a real-world study, and patients 
initiating DT may have had more severe COPD than 
patients initiating MT, which may have reduced the 
differences in outcomes seen between the 2 cohorts. 
Findings supporting more severe COPD in the DT 
cohort include a larger percentage of patients in the 
DT cohort having their index therapy prescribed by a 
pulmonologist and having higher numbers of baseline 
office visits, tests, and procedures compared to the MT 
cohort. It is possible that DT cohort patients seeing 
a pulmonologist could have received a different level 
of care than MT cohort patients seeing a general 
practitioner or internist. 

One of the 3 definitions of an exacerbation was 

an ambulatory visit with a diagnosis in any position 
for COPD, and a procedure code for steroid and/or
antibiotic administration during the visit, or a 
pharmacy claim for a steroid and/or antibiotic on the 
same day or within 10 days following the ambulatory 
visit.  It is possible that patients may not have been 
experiencing an exacerbation at the time of their 
ambulatory visit but received a prescription in case 
they needed it for the future.

One advantage of real-world studies is that 
medication adherence can be measured, however a 
limitation is that there is no guarantee that a medication 
was taken after the prescription was filled, and in this 
study only the initial medication change was captured. 
The adherence findings from these cohorts showed 
that the DT cohort had a similar medication possession 
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ratio but less persistence of therapy as measured by 
≥ 1 day without medication if the inhaler was used 
as prescribed. However, the MT patients augmented 
to triple therapy more often than DT patients and 
switched to an alternative therapy more often than the 
DT patients. The mixed results regarding medication 
adherence requires more focused study to define if 
medication cost, side effects, or efficacy is responsible 
for these differences. However, it is remarkable that the 
better outcomes recorded with the DT cohort occurred 
despite less medication use as measured by cost. A 
corollary observation is that the outcomes measured 
for the MT patients often occurred on medications 
that were augmented beyond MT, potentially reducing 
differences between groups.

Because LAMA/LABA FDC is a relatively new 
medication class, the numbers of patients available 
for analyses was small and required narrow windows 
surrounding inclusion and exclusion criteria. Whether 
relatively short wash-out periods surrounding 
medication use before the index date affected the 
differences between cohorts remains unknown. 

It was not possible to obtain a spirometric diagnosis 
of COPD in this study design. However, in a related 
survey study5 that included a subset of the patients in 
this study, 95% of patients in the MT cohort and 93% 
in the DT cohort confirmed being told by a physician or 
health care provider that they have COPD, emphysema, 
or chronic bronchitis.

The DT cohort had lower rates of exacerbations 
leading to hospitalization, lower rates of switching 
and augmentation, and lower COPD-related pharmacy 
costs and total costs PPPM compared to the MT cohort. 
These data suggest greater clinical and economic 
benefits in patients with COPD taking DT versus MT. 
These findings also support earlier use of LAMA/
LABA FDC medications in all patients with COPD.

Conclusions
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