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Abstract
Background  Retrospective observational studies may provide real-world evidence about long-acting muscarinic receptor 
antagonist (LAMA) effectiveness in reducing mortality or COPD-related readmission risk after a COPD hospitalization. 
Causal inference and competing risk statistical procedures aid in managing confounding and competing outcome events 
that complicate retrospective analyses.
Objective  To compare COPD-related readmission and mortality risk among patients receiving a LAMA versus patients 
receiving no long-acting bronchodilator (“no LABD”) within 30 days post-discharge.
Methods  This retrospective observational analysis of patients (aged ≥ 40 years) hospitalized for COPD used claims data 
(years 2004–2012). Events occurring during the period from 31 days through 12 months post-discharge were compared. The 
hazard ratio (HR) for the combined outcome of COPD-related readmission or mortality was estimated using Cox regression. 
Confounding was addressed using inverse probability of treatment weighting (IPTW). The competing risk of non-COPD-
related readmission was considered.
Results  10,405 COPD patients were included (LAMA = 751, no LABD = 9654). IPTW achieved a balanced sample (10,518 
LAMA, 10,405 no LABD). Unweighted HR (LAMA vs no LABD) for COPD-related readmission or death, adjusted for age, 
sex, comorbidities, and baseline utilization, was 1.00 [95% confidence interval (CI) 0.84, 1.20]. Weighted (IPTW) adjusted 
HR was 0.94 (95% CI 0.88, 1.00). Unweighted and weighted HRs further adjusted for competing risk were 0.97 (95% CI 
0.82, 1.16) and 0.91 (0.86, 0.98), respectively.
Conclusions  Bias by indication and comorbidities make the measurement of retrospective COPD treatment effectiveness 
difficult. Using IPTW and additionally considering the competing event risk, LAMA use was associated with a small reduc-
tion in risk for COPD-related readmission or death over the period from 31 days to 12 months post-discharge.

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s4080​1-019-00171​-w) contains 
supplementary material, which is available to authorized users.
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1  Introduction

Chronic obstructive pulmonary disease (COPD) was among 
the top ten most common principal diagnoses for nonmater-
nal/nonneonatal inpatient stays in the United States (US) in 
2015 [1]. Importantly, individuals discharged from a hospi-
talization for COPD remain at high risk for another hospitali-
zation or death. In the US, approximately one in four patients 
hospitalized for COPD is readmitted for COPD within one 
year of discharge [2–4]. Similar, if not higher, readmission 
rates have been reported in the United Kingdom [5, 6] and 
Denmark [7]. Mortality rates in the year after a COPD hos-
pitalization have ranged from 21 to 27% [2, 4, 8–13].
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Key Points 

Real-world treatment effectiveness tends to be attenu-
ated compared to the benefits observed in randomized 
clinical trials due to factors such as patient population 
characteristics, confounding diseases, and poor treatment 
adherence.

It is important to consider competing outcome events in 
time-to-event analyses of COPD patients due to the high 
prevalence of confounding illnesses.

Causal inference methods such as propensity matching 
and inverse probability of treatment weighting (IPTW) 
aid in examining causal associations between a treatment 
and an outcome in real-world retrospective analyses.

In this analysis, we demonstrate how these methods aid 
in examining the real-world effectiveness of pharmaceu-
tical interventions at reducing COPD readmissions and 
death.

in the United States, approximately one in five patients was 
not receiving a bronchodilator within 30 days after a COPD 
exacerbation-related inpatient or ED stay [20].

Tiotropium was the first LAMA to be approved; it 
received FDA approval in 2004 for treatment of COPD and 
in 2009 for the reduction of COPD exacerbations [21, 22]. 
The efficacy of tiotropium at reducing the risk of exacer-
bation-associated hospitalization was demonstrated by 
a pooled RCT analysis published in 2009, which showed 
that risk was reduced by 21% [95% confidence interval (CI) 
0.65–0.96] compared to placebo [23]. Subsequent Cochrane 
reviews of RCT studies for tiotropium versus placebo also 
found a significant risk reduction in COPD-related hospi-
talization (OR 0.85; 95% CI 0.72–1.00) [24, 25], but no sig-
nificant difference was found for all-cause hospitalization, or 
for mortality. Published RCT studies suggest similar effica-
cies concerning reductions in COPD hospitalization for the 
newer LAMA agents [26, 27].

Drug RCT studies support regulatory agency approval 
by demonstrating safety and efficacy. RCTs are the “gold 
standard,” as patients are randomized to treatment groups 
and any confounding due to patient characteristics should be 
the same for both groups. However, RCTs are conducted in 
controlled settings and historically have not included popula-
tions that are generally representative of real-world popula-
tions. Importantly, older individuals are frequently excluded 
from COPD RCTs, as are individuals with asthma and many 
other comorbidities [28]. While there is RCT-based evidence 
for LAMA effectiveness in reducing exacerbation-associ-
ated hospitalization risk, LAMA effectiveness at reducing 
the risk of readmission or mortality after a COPD-related 
hospitalization in a real-world population has not been well 
studied.

Measuring COPD treatment effectiveness at reducing 
the risk of readmission due to COPD in real-world situa-
tions is challenging due to potential biases in retrospective 
population-based data [29, 30]. Selection biases may result 
in treatment cohorts that are unbalanced in important 
prognostic clinical factors, such as age and comorbidities. 
Bias by indication, the tendency for the sickest patients to 
get treatment, is another concern. COPD treatment may be 
a marker for persons with particularly severe disease, who 
are also more likely to have poor outcomes. Confound-
ing characteristics related to readmissions after a COPD 
hospitalization include patient age, indicators of disease 
severity such as medications used, and comorbidities (in 
particular cardiovascular-related morbidities) [16, 31, 32]. 
Inadequate assessment and adjustment for biases can lead 
to false conclusions [33, 34].

Competing risks for events that preclude the event of 
interest are another consideration. Not all individuals in a 
time-to-event analysis may experience an event during the 
observation period. Individuals who do not experience an 

In 2015, the US Centers for Medicare and Medicaid Ser-
vices (CMS) added COPD to the conditions in the CMS 
Hospital Readmissions Reduction Program (HRRP), which 
focuses on readmissions occurring within 30 days for any 
reason (all-cause) [14]. The 30-day all-cause readmission 
rate following a hospitalization is high, approximately 20% 
[15], whereas the rate for 30-day readmissions due to COPD 
(COPD readmissions) is much lower—approximately 5% 
[4, 16]. Since the addition of COPD to the HRRP program, 
most of the research into COPD hospitalization has focused 
on all-cause 30-day readmissions, with minimal research 
conducted on readmissions occurring later than 30 days after 
the COPD hospitalization.

COPD exacerbations are episodes in which individuals 
experience worsening of COPD. COPD exacerbations range 
from mild worsening of symptoms to acute exacerbations 
requiring hospitalization. Inhaled long-acting bronchodi-
lators (LABDs)—long-acting beta-agonists (LABAs) and 
long-acting muscarinic receptor antagonists (LAMAs)—are 
recommended as maintenance therapy for COPD patients 
with frequent respiratory symptoms or any tendency for 
COPD exacerbation events [17]. Randomized clinical trials 
(RCTs) have demonstrated that LAMA agents (tiotropium 
bromide, glycopyrronium bromide, and aclidinium bromide) 
reduce the risk of COPD exacerbations [18]. The Global 
Initiative for Chronic Obstructive Lung Disease (GOLD) 
Global Strategy for the Diagnosis, Management, and Pre-
vention of COPD (2011 report) recommended that patients 
hospitalized with an exacerbation of COPD should begin 
using LABDs prior to discharge [19]. However, as of 2013 
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event are censored at the end of the period, as are individu-
als who experience an administrative event not related to 
the outcome of interest (e.g., health insurance disenroll-
ment). Under this noninformative censoring, these indi-
viduals are considered to have the same risk of experienc-
ing an event as those who are not censored [35]. However, 
individuals who experience an event that precludes the 
outcome of interest (for example death) or, in an analysis 
of COPD hospitalization, are hospitalized for an alter-
native reason do not have the same risk for the event of 
interest. Censoring must be handled differently for these 
competing risk events than for noninformative events [36].

Statistical methods exist to manage confounding and 
competing risk in retrospective data analyses. The use 
of inverse probability of treatment weighting (IPTW)—
the inverse of the probability of receiving the treatment 
actually received—is an effective adjustment method for 
confounding in observational studies of COPD treatment 
effectiveness [34, 37]. Using IPTW instead of matching 
results in fewer exclusions from each group and has the 
additional advantage of creating sample groups that are 
approximately the same size for statistical analyses. Simi-
larly, methods exist for estimating time-to-event survival 
risk in the presence of competing events that preclude the 
event of interest. These are available in widely used statis-
tical packages (SAS, Stata, and R) [36, 38]. A combina-
tion of these methods can aid in examining the question 
of LAMA effectiveness retrospectively. Given the high 
proportion of patients who do not receive a bronchodilator 
within 30 days of discharge, the purpose of this study was 
to demonstrate the use of these methods by evaluating the 
effectiveness of LAMA treatment dispensed within the first 
30 days post-discharge at improving mortality and rehospi-
talization outcomes when compared to no LABD treatment 
among adults discharged from a COPD hospitalization.

2 � Methods

This study performed a retrospective observational analysis 
comprising longitudinally collected comprehensive utiliza-
tion data from US CMS fee-for-service (FFS) data for Medi-
care beneficiaries (Parts A, B, and D coverage), along with 
data from members of two US managed care plans.

2.1 � Study Population

The Medicare data used were a 5% sample of beneficiaries 
from the CMS Medicare Chronic Conditions Data Ware-
house (CCW) for January 1, 2006 through December 31, 
2009. Managed care claims data were from two Southwest 
regional managed care systems encompassing the period 
January 1, 2004 through December 31, 2012, and included 

claims for traditional commercial insurance in addition to 
Medicaid and Medicare (Part C) plans.

Institutional review board approval for the study was 
obtained through Ethical & Independent Review Services 
(E&I). This study did not involve subject recruitment and 
used deidentified administrative data. E&I granted an 
informed consent requirement waiver and a Health Insurance 
Portability and Accountability Act (HIPAA) authorization 
requirement waiver.

2.2 � COPD Cohort

Initial COPD hospitalizations were defined as an inpatient 
stay with a primary diagnosis of COPD (International Clas-
sification of Disease, 9th Revision [ICD-9] diagnosis code of 
490 [bronchitis], 491.x [chronic bronchitis], 492.x [emphy-
sema], or 496 [chronic airway obstruction, not elsewhere 
classified], a Diagnosis Related Group code of ‘088’ or Medi-
care Severity-Diagnosis Related Group code of ‘190,’ 191,’ 
or ‘192’), or a primary diagnosis of respiratory failure (ICD-9 
codes 518.81–518.84) with a secondary diagnosis code of 
COPD (ICD-9 codes 491.x, 492.x, or 496). The earliest event 
meeting these criteria was the index hospitalization for the 
individual. The discharge date was the index date.

Included patients were aged ≥ 40 years at the index hos-
pitalization, and were required to have at least one COPD 
ICD-9 diagnosis (491.xx, 492.xx, or 496) pre-discharge or 
within 30 days post-discharge. The minimum index hospital-
ization length of stay (LOS) was 2 days, and the maximum 
LOS was 30 days. Patients had to be discharged to home; 
patients transferred to skilled nursing facilities (SNFs) or 
other care arrangements were excluded.

To assess comorbidities and COPD medication utiliza-
tion, subjects were required to have a minimum of 90 days of 
health insurance coverage prior to the index hospitalization 
admission date, and at least 30 days of health insurance cov-
erage after the index date. To approximate a treatment-naïve 
cohort, patients could not have a prescription claim for any 
long-acting bronchodilator (LABD) in the 90 days prior to 
the index hospitalization. Since this study compared LAMA 
use to no use, they could not have a prescription claim for 
another LABD treatment (a LABA or an inhaled corticoster-
oid (ICS)/LABA) in the 30-day post-discharge period either.

Because the 30-day post-discharge period was the 
exposure period reviewed for a LAMA prescription post-
discharge, individuals with outcome events (see Sect. 2.4) 
occurring within that period were not included in the study.

2.3 � Covariates

Demographics, comorbidities, and healthcare utilization 
were assessed. Baseline comorbidities were identified 
using the Elixhauser method [39] and the Klabunde/Deyo 
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adaptation of the Charlson index [40]. Asthma, arrhythmias, 
and prior pneumonia diagnoses were included to further 
characterize patient comorbidities. Hospitalizations occur-
ring for any reason (all-cause), hospitalizations with COPD 
as a secondary diagnosis, and all-cause and COPD emer-
gency department (ED) visits in the baseline period were 
captured, as were COPD symptoms (dyspnea and hypoxia) 
and moderate exacerbations (receipt of respiratory antibiot-
ics or oral corticosteroids [OCS] within 3 days of an office 
visit for COPD). Baseline COPD-related medication use 
(inhaled corticosteroids [ICS] and short-acting bronchodi-
lators [SABD], including short-acting beta-agonists [SABA] 
and short-acting muscarinic antagonists [SAMA])) was 
assessed, as was the use of selected cardiovascular medi-
cations (angiotensin-converting enzyme [ACE] inhibitors, 
angiotensin II receptor blockers [ARBs], and beta blockers). 
A COPD complexity score developed by Mapel and col-
leagues served as a proxy for COPD severity [41].

Readmission risk factors identified by CMS were assessed 
using information captured during the index hospitalization 
[42]. Factors not utilized by CMS in risk adjustment but 
identified by CMS as conditions that may represent adverse 
outcomes of care received during admission (e.g., septice-
mia, nephritis) were included. Any incidence of these factors 
was captured under the binary variable “major index hospi-
talization status” (see the Data Supplement in the Electronic 
supplementary material, ESM).

2.4 � Outcomes

All-cause readmissions were defined as hospitalizations for 
any reason. COPD-related readmissions were defined as hos-
pitalizations in the post-discharge period that met the same 
diagnostic criteria as the index hospitalization, and addition-
ally included hospitalizations with a secondary diagnosis 
of COPD (ICD-9 codes 491.x, 492.x, or 496). Non-COPD-
related readmissions were defined as hospitalizations not 
identified as being COPD-related. Mortality for CMS data 
observations was ascertained using date of death information 
contained in the dataset. Death information for managed care 
members was obtained from the Centers for Disease Control 
National Death Index.

The primary outcome was COPD-related readmission 
and/or death. The index date (discharge date) was the start 
date for observations.

2.5 � Analyses

SAS (version 9.4) and Stata (version 14.1) statistical soft-
ware were used for analyses. Binary and categorical vari-
ables are reported as numbers and percentages, and con-
tinuous variables as means and standard deviations (SDs). 
Comparative analyses were two-tailed and used a p value 

of < 0.05 to determine statistical significance. Recogniz-
ing that p values are influenced by sample size, effect size 
(ES)—a measurement unrelated to sample size—was also 
calculated as a measure of the magnitude of the difference 
between treatment groups [43, 44]. ES was measured as the 
absolute standardized difference, a measure that incorporates 
absolute difference and variability in observations [44–47]. 
A standardized difference  of > 0.10 indicates a meaning-
ful difference between groups [47, 48]. This analysis also 
used Cohen’s characterizations of ES above 0.10 (i.e., 
percentage ES: small 0.10–0.30, medium 0.30–0.50, and 
large > 0.50; mean ES: small 0.20–0.50, medium 0.50–0.80, 
and large > 0.80) [44].

Propensity to have a prescription claim for LAMA or to 
have no LABD prescription claim at discharge or within 
the first 30 days was estimated by logistic regression analy-
sis [49]. Baseline factors with a p value < 0.20 or ES ≥ 0.04 
were included as covariates in univariate analyses. Propen-
sity scores were used to estimate the weights (IPTW values) 
for individuals within each treatment group [37, 50]. IPTW 
values for individuals receiving LAMA were calculated as 
the inverse of the propensity to receive LAMA, and IPTW 
values for individuals with no LABD were calculated as the 
inverse of the propensity not to receive LAMA (i.e., 1 − [pro-
pensity to receive LAMA]).

Outcome risk, measured as a hazard ratio (HR) for the 
LAMA treatment group compared to the no LABD group, 
was estimated using Cox proportional hazards regression 
[51]. HR 95% confidence intervals (95% CI) were esti-
mated. Subjects were followed until an event occurred, until 
12 months post-index, or until the end of the analysis period 
(December 31, 2012), whichever occurred earliest. Subjects 
were administratively censored for less than 12 months of 
post-index follow-up time in all analyses.

Regression analyses were unweighted (IPTW values were 
not used) and weighted (IPTW values were used). Initial 
unweighted and weighted models only included sex and 
age as covariates. Subsequent models included all covari-
ates (sociodemographic, baseline, and index event clinical 
characteristics). Additionally, competing risk of a non-
COPD-related readmission was considered in unweighted 
and weighted analyses using the Fine and Gray method [38], 
which estimates a subdistribution hazard from the cumula-
tive incidence function after considering competing events 
(computed in Stata using the stcrreg function [52]). Risks 
estimated in this manner are similar to those estimated using 
Cox regression. Finally, recognizing that large weights can 
be a concern (for a propensity value of 0.02, the IPTW value 
will be 50), we conducted a stratified analysis. A weighted 
stratified regression analysis was conducted to calculate 
effect estimates for LAMA by propensity quintile [53].

A secondary analysis assessed adherence during the post-
discharge period among the LAMA group to LAMA or to 
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any other LABD treatment using proportion of days covered 
(PDC). PDC, a ratio, was defined as the total days’ supply on 
hand over a given period divided by the time period. Values 
greater than 1.00 were truncated to 1.00.

3 � Results

For the 2004–2012 time period, 267,471 individuals met the 
study inclusion criteria for COPD, and 41,345 (15.5%) were 
identified with eligible hospitalizations. Over half of those 
with eligible hospitalizations were excluded because (1) they 
did not have at least 90 days of insurance coverage prior to 
admission, (2) they were not discharged to home, or (3) they 
received a prescription for a LABA or ICS/LABA combi-
nation therapy within 30 days post-discharge (see Fig. 1). 
Another 3545 (8.6%) were excluded because they died or 
were readmitted within 30 days post-discharge (n = 3534) 
or they did not have insurance coverage for the full 30 days 
post-discharge, and 4318 (10.4%) were excluded because 
they had a prescription for a LABD in the 90 days prior to 
admission. Among the 3545 excluded because of events in 
the 30 days post-discharge, there was no difference between 
the LAMA and no LABD groups for all-cause readmission 
(17.8% and 17.8%, respectively), but there was a slightly 
higher percentage of deaths in the no LABD group (0.6% 
and 1.4%, p < 0.001).

Ultimately, 10,658 individuals who had evidence of 
a LAMA prescription being filled (n = 751) or no LABD 
prescription being filled (n = 9907) within 30 days post-
discharge were included. The no LABD patients comprised 
approximately 24.0% of the 41,345 individuals originally 
identified with a COPD hospitalization.

Logistic regression results for propensity to receive 
LAMA at discharge or within 30 days are summarized in 
Fig. 2. Diabetes was added after an initial model showed an 
effect size of close to 0.10 for diabetes (ES 0.09, p < 0.0001) 
in a weighted comparison. The C-statistic for the final pro-
pensity model was 0.66, indicating, as shown in Fig. 3, that 
there was substantial overlap between groups for measured 
factors.

Figure 3 provides a comparative distribution summary for 
propensity to be prescribed LAMA. Among the no LABD 
group, 253 patients (2.6%) had propensity scores lower than 
the lowest LAMA patient propensity score. Those patients 
were not comparable to any patient in the LAMA group and 
were not included in regression analyses. This resulted in a 
final count of 9654 for the no LABD group.

Table 1 (demographics and index hospitalization infor-
mation) and Table 2 (baseline comorbidities, utilization, 
and prescription use) provide comparisons of baseline fac-
tors before and after weighting each patient according to 

their respective IPTW value. In unweighted comparisons, 
LAMA patients were younger (age 71.2 vs 72.7 years, ES 
0.15) and less likely to be male (34.6% vs 37.9%, ES 0.07). 
Unweighted comparisons showed no meaningful difference 
between groups for mean index LOS (ES 0.02), although a 
greater percentage of LAMA patients had mechanical ven-
tilation (4.5% vs 2.1%, ES 0.13) and a diagnosis indicating 
hypertensive heart and renal disease (7.1% vs 4.9%, ES 0.09) 
during the index event. No substantial differences in baseline 
comorbidities were identified in unweighted comparisons. 
However, unweighted baseline comparisons provided evi-
dence that LAMA patients may have more severe COPD. In 
the 90-day baseline period, a higher percentage of LAMA 
patients than no LABD patients (6.8% vs 1.9%, ES 0.24) 
underwent hospitalization with a secondary COPD diag-
nosis, made a COPD-related ED visit (12.4% vs 9.6%, ES 
0.09), had a moderate exacerbation (9.6% vs 6.5%, ES 0.11), 
or had at least one SABD prescription fill (33.7% vs 24.4%, 
ES 0.21). In unweighted comparisons, higher percentages 
of LAMA patients had at least one prescription claim for 
an ACE inhibitor, ARB, or beta blocker. However, while 
there were substantive differences between groups prior to 
weighting, all ES estimates decreased to less than 0.10 after 
weighting, indicating minimal meaningful differences and 
demonstrating good balance between the two groups for the 
measured factors.

Figure 4 summarizes information by propensity score 
for LAMA quintile, ranging from least likely (Q1) to most 
likely (Q5). Shown in the accompanying table are patient 
numbers before weighting (N) and after weighting (WgtN), 
along with the mean, minimum, and maximum propensity 
scores by quintile for each treatment group. Viewed accord-
ing to propensity quintiles, a greater percentage of the no 
LABD patients are represented in lower quintiles (1 and 2), 
and a greater percentage of the LAMA patients are in higher 
quintiles (4 and 5). Quintile 5 contains the greatest propen-
sity score variance (range 0.09–0.56), and LAMA patients 
have a slightly higher mean propensity score within quintile 
5 (0.148 vs 0.130).

Table 3 provides comparative unweighted and weighted 
summaries for the period covering 31 days to 12 months 
post-discharge. With regard to the first event occurring post-
discharge, a COPD-related readmission occurred first for a 
greater percentage of the LAMA group in the unweighted 
analysis (17.0% vs 14.7%, ES 0.15), but the two groups were 
similar after weighting (14.5% vs 14.8%, ES 0.02). There 
was a large ES difference in deaths for the LAMA vs no 
LABD group, so the LAMA group had a higher unweighted 
percentage (18.8% vs 17.8%, ES 0.06) but a lower weighted 
percentage (16.0% vs 17.8%, ES 0.11) for the combined out-
come of COPD-related readmission or death. A non-COPD 
readmission occurred first for similar percentages of the treat-
ment groups in both the unweighted and weighted analyses.
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There were minimal group differences both before and 
after weighting for mortality or any all-cause event occur-
ring during any point in the post-discharge period. Prior 
to weighting, small to large ES estimates between groups 
were evident for any COPD-related hospitalization, COPD-
related ED visit, or at least one moderate exacerbation. After 
weighting, ES estimates decreased to < 0.10 for COPD-
related hospitalization and COPD-related ED visits, and 
groups were similar for these post-discharge events. Moder-
ate differences remained between groups for post-discharge 
moderate exacerbations (ES range 0.42–0.57).

Figure 5 provides the cumulative incidence for the first 
event to occur during the post-discharge period. By the end 
of one year, the majority of the cohort had experienced a 
COPD-related or non-COPD-related readmission, or had 
died.

Figure 6 provides the risk estimates for the combined 
events of COPD-related readmission or death using 
unweighted, weighted, and weighted stratified models. 
Consideration of the competing risk for non-COPD-related 
readmission resulted in slightly lower HR risk estimates. 
There were substantive HR differences between unweighted 

Fig. 1   Flowchart for the selec-
tion of patients included in the 
study. COPD chronic obstruc-
tive pulmonary disease, DRG 
diagnosis-related group, FFS 
fee-for-service, ICS inhaled cor-
ticosteroid, LABA long-acting 
beta-agonist; LABD long-acting 
bronchodilator

Individuals identified from 5% 
sample of Medicare FFS records

(n = 239,107)

Total individuals meeting diagnosis criteria for study
(n = 267,471)

Individuals hospitalized for minimum of 2 days, with a diagnosis or 
DRG code for COPD

(n =  41,345)

Individuals
excluded

(n = 226,126)

Individuals without a prescription for a LABA or ICS/LABA medication 
within 30 days post-discharge, with minimum of 90 days pre-

enrollment, discharged to home
(n = 18,521)

Individuals 
excluded

(n =  22,824)

Individuals not dying or readmitted within 30 days post-discharge,  and 
health insurance coverage a minimum of 30 days post-discharge

(n = 14,976)

Individuals identified from New 
Mexico Managed Care records

(n = 28,364)

Individuals 
excluded

(n =  3,545)

Individuals 
excluded

(n =  4,318)

Individuals with a LAMA 
prescription within 30 days 

post-discharge
(n = 751)

Individuals without a 
LABD prescription within 
30 days post-discharge

(n = 9,907)

Individuals with 1) a COPD diagnosis in the pre-hospitalization period 
or within 30 days post-discharge and 2) with no LABD prescription 

claims within 90 days prior to hospitalization
(n = 10,658)

Identification of patients age 40 or older, with prescription drug coverage, and 
with a minimum of two outpatient claims or one inpatient stay
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and weighted regression models. Larger sample sizes in the 
weighted models resulted in narrower estimated confidence 
intervals. Without incorporating the IPTW values, the esti-
mate for the LAMA effect after adjusting for all baseline 
covariates was 1.00 (95% CI 0.84, 1.20), and it was 0.97 
(95% CI 0.82, 1.16) after accounting for competing risk. 
Alternatively, in the weighted model, the fully adjusted HR 
estimate was 0.94 (95% CI 0.88, 1.00), and it was 0.91 (95% 
CI 0.86, 0.98) after accounting for competing risk. The strat-
ified weighted model suggests that the HR for LAMA esti-
mated in the prior weighted models is driven by the lowest-
propensity quintile. The HR estimate for LAMA compared 
to no LABD was significantly greater than 1.0 for the fifth 
and highest-propensity quintile. Individuals in quintile 5 had 
the highest prevalence of serious conditions during the index 
hospitalization, including mechanical ventilation (9.0%), 
cardiorespiratory failure and shock (26.6%), pneumonia 
(25.6%), hypertensive heart and kidney disease (12.6%), and 
renal failure (19.9%) (data not shown). The fifth quintile 
also had the highest prevalence of baseline clinical factors, 
including pneumonia (25.0%), recent COPD-related ED vis-
its (16.3%) or hospitalizations (10.8%), moderate AECOPD 
requiring steroids or antibiotics (15.1%), prescription fill for 
SABDs within 90 days (55.0%), and any use of ACE inhibi-
tors (42.8%), ARBs (17.4%), and beta blockers (43.8%).

Among the LAMA treatment group, mean (SD) persis-
tence with LAMA therapy during the first 90 and 180 days 
post-discharge as measured using PDC was 0.615 (0.252) 
and 0.500 (0.292), respectively. During 270  days and 
12 months post-discharge, PDC was 0.429 (0.306) and 0.396 
(0.308), respectively (data not shown). PDC for any LABD 
was only slightly higher. During the first 180 days, mean 

PDC was similar for patients with a COPD-related read-
mission, those who died, and those who did not have any 
event, censored for a competing event or censored for loss 
to follow-up. In the last half of the year, mean PDC values 
for patients with a COPD-related readmission were approxi-
mately 0.10 lower.

4 � Discussion

In this retrospective analysis of US Medicare and managed 
care data from 2004 to 2012, a prescription for an inhaled 
LAMA within 30 days after discharge from a hospitalization 
for COPD significantly reduced the risk for the combined 
endpoint of either death or COPD-related rehospitalization 
in the period from 31 days to 12 months after discharge 
as compared to patients not prescribed any LABD therapy. 
As expected, there was potential confounding from comor-
bidities and selection biases. In unweighted analyses, higher 
percentages of the patients prescribed LAMA after discharge 
had markers of unstable COPD: increased number of COPD-
related hospitalizations, moderate exacerbations, and higher 
utilization of SABD respiratory medications at baseline. In 
unweighted regression models that only adjusted for age and 
sex, a LAMA prescription was associated with a higher, but 
not significantly higher, HR risk (1.09, 95% CI 0.92, 1.29) 
for the combined endpoint. IPTW was used to adjust for 
confounding, and in weighted regression models adjusting 
for age and sex, a statistically significant, albeit reduced, 
HR of 0.90 (95% CI 0.85, 0.97) was obtained. After fur-
ther considering all covariates and the competing risk of 
non-COPD-related readmission, the weighted HR for the 

Fig. 3   Study subject distribu-
tions for propensity to have a 
LAMA outpatient prescription 
claim at discharge or within the 
following 30 days by treatment 
group (LAMA vs no LABD). 
The propensity regression 
includes information from the 
index hospitalization and the 
90 days prior to discharge. Blue 
vertical lines indicate quin-
tiles for propensity to have a 
claim for LAMA at index. By 
definition, 20% of the entire 
cohort is within each quintile, 
but the distribution of LAMA 
vs no LABD varies within each 
quintile. LABD long-acting 
bronchodilator, LAMA long-
acting muscarinic antagonist
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combined outcome of death or COPD-related rehospitali-
zation was 0.91 (95% CI 0.86, 0.98), significantly favor-
ing LAMA treatment. This result is similar to the Cochrane 
review odds ratio estimate for COPD-related hospitalization 
for tiotropium vs placebo (0.85; 95% CI 0.72–1.00) [24, 25]. 
A stratified analysis, however, indicates that some residual 
unmeasured confounding may still exist, as the HR varied 
across the propensity for LAMA quintiles from a HR of 0.79 

among those least likely to receive LAMA to a HR of 1.17 
among those most likely to receive LAMA.

In this predominantly Medicare population, for the period 
2004–2012, approximately 25% of patients discharged from 
a hospitalization for COPD did not receive any LABD. 
Baker and colleagues similarly found a high percentage 
(26%) who did not have a prescription claim for a LABD 
or SABD both 90 days before and after a hospitalization 

Table 1   Demographics, baseline comorbidities, and utilization (unweighted and weighted) by discharge treatment

DM diabetes mellitus, ES effect size (absolute standardized difference), SD standard deviation

Unweighted Weighted

LAMA No LABD ES P value LAMA No LABD ES P value

Number of individuals 751 9654 10,518 10,402
Male, % 34.6 37.9 0.07 0.07 37.4 37.7 0.01 0.71
Age, mean (SD) 71.2 (9.7) 72.7 (10.3) 0.15 0.0001 71.9 (10.3) 72.6 (10.6) 0.07 0.07
 Age 40–54, % 5.5 6.3 0.03 0.37 7.3 6.2 0.04 0.002
 Age 55–64, % 14.2 9.8 0.14 < 0.0001 10.8 10.1 0.02 0.11
 Age 65–74, % 42.7 39.1 0.08 0.05 37.8 39.3 0.03 0.03
 Age ≥ 75, % 37.5 44.9 0.15 < 0.0001 44.1 44.3 0.01 0.70

Emphysema, % 8.4 7.7 0.03 0.47 8.1 7.7 0.02 0.25
Index hospitalization
 Length of stay (days), mean (SD) 5.3 (2.9) 5.2 (3.2) 0.02 0.54 5.1 (2.8) 5.2 (3.3) 0.04 0.25
 Length of stay = 2 days, % 7.9 9.6 0.06 0.11 10.1 9.5 0.02 0.12
 Mechanical ventilation, % 4.5 2.1 0.13 < 0.0001 2.4 2.3 0.01 0.62

Comorbidities noted at index, %
 Cardiovascular/respiratory
  Arrhythmias 20.1 20.6 0.01 0.76 20.1 20.5 0.01 0.44
  Chronic atherosclerosis 27.4 30.0 0.06 0.14 29.3 29.8 0.01 0.46
  Congestive heart failure 30.5 28.6 0.04 0.26 29.3 28.7 0.02 0.27
  Cardiorespiratory fail/shock 21.7 19.3 0.06 0.12 19.7 19.5 0.003 0.81
  Pulmonary fibrosis/other chronic lung disease 5.2 6.4 0.05 0.19 6.0 6.3 0.01 0.31
  Pneumonia 19.0 16.4 0.07 0.07 16.9 16.6 0.01 0.57
  Vascular/circulatory disease 11.6 10.6 0.03 0.40 11.8 10.6 0.04 0.005

 Other noted conditions
  Major index hospitalization status 10.1 12.3 0.07 0.08 12.8 12.1 0.02 0.16
  Sleep apnea 7.1 5.6 0.06 0.10 5.6 5.7 0.004 0.80
  Depression 10.3 9.5 0.02 0.51 10.0 9.5 0.02 0.22
  Diabetes and DM complications 26.8 27.0 0.005 0.90 28.0 26.9 0.02 0.07
  Dementia or senility 3.7 4.9 0.06 0.14 5.4 4.8 0.03 0.05
  Fluid/electrolyte/acid-base disorders 23.2 21.1 0.05 0.19 21.2 21.3 0.002 0.89
  History of infection 5.9 7.0 0.05 0.25 7.2 6.9 0.01 0.33
  Hypertensive heart and renal disease 7.1 4.9 0.09 0.01 5.2 5.1 0.01 0.67
  Major psychiatric disorders 3.6 3.4 0.01 0.76 3.7 3.4 0.02 0.20
  Iron deficiencies/other unspecified anemia 13.0 14.5 0.04 0.28 13.2 14.5 0.04 0.004
  Other gastrointestinal disorders 25.0 24.8 0.004 0.91 25.0 24.9 0.002 0.87
  Other cancers 2.9 2.6 0.02 0.61 3.4 2.6 0.05 0.001
  Other psychiatric disorders 7.5 7.2 0.01 0.77 6.4 7.2 0.03 0.02
  Quadriplegia and other functional disability 0.8 1.3 0.05 0.22 1.5 1.3 0.02 0.27
  Renal failure 13.7 11.4 0.07 0.06 11.6 11.6 0.001 0.92



10	 M. H. Roberts et al.

Table 2   Baseline comorbidities and utilization (unweighted and weighted) by discharge treatment

Unweighted Weighted

LAMA No LABD ES P value LAMA No LABD ES P value

Number of individuals 751 9654 10,518 10,402
Charlson, %
 Charlson comorbidity score, mean (SD) 2.0 (1.6) 2.0 (1.6) 0.01 0.85 2.1 (1.7) 2.0 (1.7) 0.03 0.45
 Myocardial infarction 5.1 4.4 0.03 0.41 4.6 4.4 0.01 0.45
 CHF 27.7 26.5 0.03 0.48 26.7 26.6 0.003 0.82
 Peripheral vascular disease 6.7 7.5 0.03 0.39 7.1 7.5 0.01 0.29
 Cerebrovascular disease 3.3 4.1 0.04 0.29 4.4 4.1 0.02 0.18
 COPD 86.2 85.5 0.02 0.63 84.9 85.6 0.02 0.14
 Rheumatoid arthritis 2.3 3.0 0.05 0.23 3.4 3.0 0.02 0.12
 Diabetes 26.5 27.2 0.02 0.67 27.7 27.2 0.01 0.37
 Diabetes with sequelae 4.0 3.7 0.01 0.73 4.3 3.7 0.03 0.04
 Renal disease 7.9 7.2 0.03 0.50 6.9 7.3 0.02 0.24
 Cancer 7.1 6.8 0.01 0.80 7.5 6.8 0.03 0.06

Elixhauser, %a

 Valvular disease 4.4 4.8 0.02 0.58 4.7 4.8 0.01 0.69
 Pulmonary circular disease 4.9 4.5 0.02 0.62 4.5 4.5 0.0004 0.98
 Other neurological disorders 3.6 4.7 0.06 0.15 5.4 4.6 0.04 0.01
 Hypothyroidism 9.9 9.1 0.03 0.46 9.5 9.1 0.01 0.31
 Obesity 4.5 4.5 0.004 0.93 4.3 4.5 0.01 0.56
 Fluid and electrolyte disorders 14.6 13.3 0.04 0.31 12.4 13.4 0.03 0.03
 Deficiency anemias 12.0 10.9 0.03 0.35 11.5 10.9 0.02 0.20
 Depression 7.1 6.4 0.03 0.49 7.3 6.4 0.03 0.02
 Psychoses 2.5 3.0 0.03 0.45 2.8 3.0 0.01 0.37

Other comorbidities, %
 Asthma 16.6 16.6 0.003 0.95 15.2 16.7 0.04 0.004
 Arrhythmia 20.1 19.0 0.03 0.46 20.1 19.0 0.03 0.04
 Pneumonia 20.6 18.1 0.07 0.08 20.5 18.2 0.06 < 0.0001
 Hypoxia 15.2 14.7 0.01 0.73 15.5 14.7 0.02 0.11

Mapel complexity index
 Overall score, mean (SD) 1.7 (0.6) 1.7 (0.6) 0.08 0.04 1.7 (0.6) 1.7 (0.6) 0.01 0.70
 Low (1), % 33.4 37.6 0.09 0.02 36.3 37.3 0.02 0.12
 Medium (2), % 58.5 54.7 0.08 0.05 56.2 55.0 0.02 0.08
 High (3), % 8.1 7.7 0.02 0.65 7.5 7.7 0.01 0.63

COPD-related utilization, %
 Hospitalizations (secondary diagnosis of COPD) 6.8 1.9 0.24 < 0.0001 2.2 2.3 0.004 0.80
 ED visits 12.4 9.6 0.09 0.01 9.6 9.8 0.01 0.56
 Moderate exacerbations
  With OCS Rx 7.3 4.7 0.11 0.001 5.1 4.9 0.01 0.38
  With antibiotic Rx 10.1 7.5 0.09 0.01 7.8 7.7 0.003 0.83
  With OCS and antibiotic Rx (same day) 5.2 3.4 0.09 0.01 3.9 3.5 0.02 0.15
  Any OCS or OCS/antibiotic exacerbation 9.6 6.5 0.11 0.001 7.0 6.7 0.01 0.47

 Spirometry procedure 5.2 4.5 0.03 0.37 4.5 4.5 0.003 0.84
 Outpatient oxygen 35.4 37.3 0.04 0.30 37.4 37.2 0.005 0.72
 Any outpatient visit for dyspnea 28.6 24.5 0.09 0.01 26.2 24.8 0.03 0.02
  Shortness of breath 23.6 19.1 0.11 0.003 20.2 19.4 0.02 0.19
  Wheezing 1.1 1.2 0.01 0.70 1.3 1.2 0.01 0.40
  Respiratory abnormality, other 12.9 10.7 0.07 0.06 12.9 10.9 0.06 < 0.0001
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for COPD, based on an analysis of commercial insurance 
and the Medicare Supplement for the period 2009 through 
2011 [54]. While our data are over 5 years old, according to 
2017 US Healthcare Effectiveness Data and Information Set 

(HEDIS) statistics, nonreceipt of a bronchodilator remains 
a concern, as no bronchodilator was prescribed for 20% of 
acute inpatient discharges or ED encounters among com-
mercial, Medicaid, and Medicare HMO members ≥ 40 years 

ACE angiotensin-converting enzyme, ARB angiotensin II receptor blocker, CHF congestive heart failure, COPD chronic obstructive pulmonary 
disease, DM diabetes mellitus, ED emergency department, ES effect size (absolute standardized difference), OCS oral corticosteroid, Rx pre-
scription, SABA short-acting beta-agonist, SABD short-acting bronchodilator, SAMA short-acting muscarinic antagonist, SD standard deviation
a Conditions not captured by Charlson comorbidities are shown

Table 2   (continued)

Unweighted Weighted

LAMA No LABD ES P value LAMA No LABD ES P value

All-cause encounters, %
 Hospitalizations 21.3 17.2 0.10 0.004 18.2 17.5 0.02 0.17
 ER visits 35.7 31.9 0.08 0.03 32.8 32.2 0.01 0.36
 Institutional stays 2.3 2.4 0.01 0.76 2.9 2.4 0.03 0.05

COPD medication, any use, %
 Any SABD 33.7 24.4 0.21 < 0.0001 26.3 25.1 0.03 0.06
  SABA 23.8 17.6 0.16 < 0.0001 18.7 18.1 0.02 0.26
  SABA/SAMA 11.1 8.2 0.10 0.01 8.7 8.5 0.01 0.55
  SAMA 3.2 2.5 0.04 0.27 2.4 2.6 0.01 0.48

 No. of 30-day prescription claims, SABA or 
SABA/SAMA, mean (SD)

0.5 (1.0) 0.4 (0.9) 0.15 0.0002 0.4 (0.9) 0.4 (0.9) 0.01 0.78

 Any ICS prescription claim, % 4.8 4.5 0.02 0.66 4.2 4.5 0.02 0.18
Cardiovascular medication, any prescription claim, %
 ACE inhibitors 27.6 21.1 0.15 < 0.0001 21.9 21.6 0.01 0.60
 ARBs 12.0 9.5 0.08 0.03 10.9 9.7 0.04 0.004
 Beta-blockers 30.4 24.6 0.13 0.0004 26.3 25.1 0.03 0.05

Fig. 4   Box plots and descrip-
tive statistics, by quintile and 
by treatment group (LAMA vs 
no LABD), for propensity to 
receive LAMA treatment. Quin-
tile 1 (Q1) is the lowest-propen-
sity quintile and quintile 5 (Q5) 
is the highest. N actual number 
of observations for each group. 
WgtN weighted N for the IPTW 
analyses. Dot and plus symbols 
indicate mean values. LABD 
long-acting bronchodilator, 
LAMA long-acting muscarinic 
antagonist
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old [20]. Among PPO members, the percentage was slightly 
higher [20].

In our study population, approximately 12% died in the 
year after hospitalization, and 50% were readmitted for any 
cause. These rates are lower than the 26% mortality rate and 

64% readmission rate reported by Lindenauer and colleagues 
based on Medicare data for 2009–2014 [13]. However, their 
study population had a higher percentage of male patients 
and patients with congestive heart failure, diabetes, and 
renal failure, and included patients originally discharged to 

Table 3   Post-discharge utilizationa (unweighted and weighted) by discharge treatment

COPD chronic obstructive pulmonary disease, ED emergency room, ES effect size (absolute standardized difference), OCS oral corticosteroid, 
Rx prescription, SD standard deviation
a Events/utilization occurring from after 30 days to one-year post-discharge

Unweighted Weighted

LAMA No LABD ES P value LAMA No LABD ES P value

Number of individuals 751 9654 10,518 10,402
Earliest event (31 days to 12 months), %
 Non-COPD-related readmission 33.2 32.0 0.03 0.53 32.9 32.0 0.03 0.19
 COPD-related readmission 17.0 14.7 0.15 0.09 14.5 14.8 0.02 0.53
 Death 1.7 3.0 0.68 0.04 1.5 3.0 0.83 < 0.0001
 COPD-related readmission or death 18.8 17.8 0.06 0.49 16.0 17.8 0.11 < 0.001

All events (31 days to 12 months), %
 Death post-discharge 11.2 12.0 0.08 0.49 11.3 12.0 0.06 0.11
 All-cause utilization
  Hospitalizations 51.5 49.0 0.05 0.28 49.6 49.1 0.01 0.52
  ED visits 57.3 55.3 0.03 0.30 54.9 55.4 0.01 0.48

 COPD-related utilization
  Hospitalizations 23.4 19.6 0.18 0.01 20.7 19.7 0.05 0.09
  ED visits 20.9 18.0 0.15 0.05 19.3 18.0 0.07 0.02

 Moderate exacerbations
  With OCS Rx 22.1 11.3 0.63 < 0.0001 20.7 11.4 0.57 < 0.0001
  With antibiotic Rx 27.6 16.4 0.51 < 0.0001 26.5 16.5 0.47 < 0.0001
  With OCS and antibiotic Rx (same day) 17.8 10.5 0.52 < 0.0001 16.3 10.6 0.42 < 0.0001

Fig. 5   Cumulative incidence for 
first event post-discharge among 
COPD-related readmission, 
non-COPD-related readmis-
sion, and death. COPD chronic 
obstructive pulmonary disease
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SNFs [13]. The average index admission LOS in our analysis 
was 5.1 days. This LOS was similar to the average LOS of 
4.9 days for an inpatient with a first-listed discharge reason 
of COPD in the 2012 National Heart Lung and Blood Insti-
tute Chartbook [55].

Few studies have examined the comparative effective-
nesses of LAMA and no LABD treatment at reducing 
hospital readmission. In analyses of Medicare recipients 
for 1997–2005, use of COPD maintenance drugs was asso-
ciated with a reduced risk of hospitalization (HR 95% CI 
0.61, 0.79) and readmission within 30 days (OR 95% CI 
0.63, 0.87) [56]. Another study used the IPTW analysis 
method to retrospectively examine outcomes up to 30 days 
post-discharge from a hospitalization occurring January 
2010 through June 2011 in which LABD treatment was 
provided during the hospitalization [57]. No association 
was found between LABD treatment and improved 30-day 

readmission and initial hospitalization LOS [57]. Our study 
instead examined associations between LAMA prescribed 
as a maintenance therapy within 30 days post-discharge and 
outcomes occurring after those 30 days, and it did find a 
small but statistically significant risk reduction.

Our study compared LAMA use to no LABD therapy. 
Other LABD therapies (LABA and combination ICS/
LABA) were not included. Comparative effectiveness stud-
ies comparing LAMA to other LABD medications in COPD 
patients at risk for exacerbations suggest other classes of 
LABD treatments have similar or greater efficacy when com-
pared to no LABD therapy. One study from Italy compared 
survival among patients prescribed tiotropium or LABAs 
after a COPD hospitalization using both intent-to-treat and 
as-treated analysis, and found no substantial differences [58]. 
Another study comparing the effectiveness of budesonide/
formoterol, an ICS/LABA combination, and tiotropium 

Fig. 6   Cox regression model effect estimates for COPD-related read-
mission or death. Models are unweighted and weighted (using IPTW 
values). HR is for LAMA compared to no LABD treatment. Compet-
ing risk models consider the competing risk of non-COPD-related 

readmission. The stratified weighted model provides an estimated HR 
[95% CI] by quintile for propensity for LAMA treatment (quintile 1 
is the lowest and quintile 5 is the highest). CI confidence interval, HR 
hazard ratio



14	 M. H. Roberts et al.

bromide among COPD patients new to these treatments 
found that time to exacerbation was substantially reduced 
among budesonide/formoterol users (HR 95% CI 0.70, 0.87) 
after applying propensity score matching techniques [59]. 
A recent Cochrane study that reviewed RCTs comparing 
LABDs found no difference in mortality risk for patients 
treated with LAMA therapy compared to either LABA/
LAMA or to ICS/LABA combination therapy, nor any dif-
ference in severe exacerbation risk for LAMA therapy com-
pared to either LABA/LAMA or ICS/LABA combination 
therapy [60]. The LAMA therapies considered in the review 
included tiotropium bromide, aclidinium, umeclidinium, and 
glycopyrrolate [60].

When our weighted model results were stratified by quin-
tile for propensity for LAMA treatment, the results were not 
equal; patients with the lowest propensity to receive treat-
ment were more likely to have better treatment outcomes. 
This finding may seem paradoxical, but may be explained 
by indication bias: patients with more severe COPD are 
more likely to receive treatment, particularly those fitting 
a “frequent exacerbator” phenotype. Even though LAMA 
treatment may be beneficial among the most unstable COPD 
patients, it does not completely neutralize their risk for 
exacerbation. In this retrospective analysis, a patient with a 
higher propensity to get LAMA treatment also has a higher 
risk for poor outcomes, as seen when stratified by propen-
sity quantile. Rates for mortality (12.2%) and COPD-related 
rehospitalization (14.6%) for days 31–365 post-discharge in 
our study population demonstrate how fragile these patients 
are.

As we performed an observational study, we may not 
have been able to adjust fully for confounding, despite using 
IPTW to minimize selection biases. There may still be unad-
justed residual confounding relating to indication bias in our 
data, muting beneficial outcomes for LAMA [61]. Findings 
have been shown to vary slightly when different causal infer-
ence methods are utilized in analyses [47]. Given the differ-
ences we observed across quintiles in our stratified model, 
a matched analysis of the data that by definition would not 
use the entire sample would undoubtedly produce different 
findings. However, findings from a matched analysis would 
only be generalized to a population similar to the matched 
population [47]. Spirometry information was not available to 
assess obstruction severity in patients, and even though we 
included other indicators of more advanced respiratory dis-
ease, such as exacerbations, oxygen use, and reliever medi-
cation use, these are proxy measures for disease severity.

Our study reviewed outcomes associated with receipt 
of a maintenance therapy within the first 30 days post-dis-
charge. Thirty days was chosen to allow patients sufficient 
time to fill a prescription received at discharge or during a 
follow-up physician visit. Bias from immortal time can be 
present in a retrospective observational cohort study when 

the individuals in one exposure group that meet the inclusion 
criteria cannot, by definition, have had an event [62, 63]. 
For example, individuals in our study must have been alive 
to receive a LAMA prescription at discharge or during the 
following 30 days. We do not believe that this 30-day period 
used to determine exposure affected our study findings. In 
our study, the same 30-day period was used to determine 
exposure for both groups, and the follow-up period to assess 
outcomes did not begin at discharge but at day 31. Individu-
als with outcomes occurring during the 30-day exposure 
period were excluded. Prior to imposing this exclusion cri-
terion, there was no difference in the rate of all-cause 30-day 
readmissions between the LAMA and no LABD treatment 
groups. The no LABD treatment group did have a higher 
mortality rate in the first 30 days post-discharge (1.4% versus 
0.6%), but the effect size difference was low (ES = 0.08).

We utilized an intent-to-treat (ITT) approach in our 
analysis. Results from an ITT may be confounded when a 
substantive portion of a no-treatment group later initiates 
treatment. The overwhelming majority of patients in the no 
LABD group in our study did not claim for LAMA or any 
LABD in the follow-up period. In the period from 31 days to 
180 days post-discharge, only 3% of the no LABD group had 
a prescription for any LABD. Baker and colleagues observed 
similar results for the follow-up post-discharge period among 
those who did not receive LABD therapy during the initial 
hospitalization for COPD [54]. Among the LAMA users in 
this study, the mean LAMA PDC value at 180 days indicated 
50% usage and the mean PDC value declined to < 50% in the 
last half of the year. However, during this period, persistence 
with LAMA therapy was higher among individuals who did 
not have a COPD-related readmission or die.

Drug therapy on hand was determined using prescription 
claims data. There is a possibility that we were missing pre-
scription information on some Medicare enrollees, but esti-
mates in this study are comparable to other analyses. Adher-
ence and persistence with COPD treatments have repeatedly 
been found to be suboptimal [41, 64, 65]. Among Medicare 
enrollees, adherence to any COPD maintenance treatment 
has remained fairly unchanged, averaging approximately 
55% from 2008 through 2013 [66]. RCTs have demonstrated 
that LAMA treatment can significantly reduce the risk for 
exacerbations, but suboptimal persistence may be a factor 
behind the less than strong association between LAMA use 
and COPD-related readmission determined in this observa-
tional retrospective study.

Follow-up with a physician within 30 days of discharge 
has been associated with fewer exacerbation-related read-
missions [67], and was not reviewed in this analysis. Early 
assessment and subsequent follow-up allows a multipronged 
approach to preventing readmission that includes recom-
mended interventions such as bronchodilators (LAMAs, 
LABAs, LAMA/LABAs) as well as nonpharmaceutical 
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interventions (smoking cessation, rehabilitation) to be 
devised [67]. COPD-related hospitalizations are common 
and costly. Such traits imply that there is great potential ben-
efit in encouraging providers to prescribe these treatments 
after discharge and in encouraging patients to maintain 
adherence to the therapy in the long term.

5 � Conclusion

Our analysis demonstrates that LABD treatment is signifi-
cantly effective at reducing COPD-related rehospitalizations. 
The reduction in risk in this population was small (95% CI 
0.86, 0.98) and weaker than that observed in RCTs among 
individuals with ≥ 1 prior exacerbation (95% CI 0.72, 1.00) 
[24, 25], which is not unexpected in a real-world analysis. 
Persistence with therapy was suboptimal among patients 
prescribed LAMA therapy, and efforts to improve adherence 
to therapy could potentially improve the real-world effective-
ness of LAMA for patients.
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