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ABSTRACT

Introduction: Patients hospitalized for chronic
obstructive pulmonary disease (COPD) exacer-
bations are at risk of further readmissions,
increased treatment costs, and excess mortality.
This study evaluated inpatient admissions and
readmissions in patients receiving initial main-
tenance therapy with umeclidinium/vilanterol
(UMEC/VI) versus tiotropium (TIO).
Methods: This retrospective, matched cohort
study identified patients with COPD who initi-
ated maintenance therapy with UMEC/VI or TIO
from Optum’s de-identified Clinformatics Data
Mart database between January 1, 2013, and

December 31, 2018 (index date defined as earliest
dispensing). Eligibility criteria included: C 1
medical claim for COPD pre-index or on the
index date; C 12 months of continuous eligibil-
ity pre-index; age C 40 years at index; no pre- or
post-index asthma diagnosis; and no pre-index
claims for medications containing inhaled cor-
ticosteroids, long-acting b2-agonists, or long-
acting muscarinic antagonists. Outcomes inclu-
ded time to first on-treatment COPD-related
inpatient admission, rate of on-treatment COPD-
related admissions, and rate of all-cause and
COPD-related readmissions within 30 and
90 days. Propensity score matching was used to
adjust for potential confounders.
Results: Matched UMEC/VI and TIO cohorts
each included 7997 patients and were balanced
on baseline characteristics (mean age 70.9 years;
female 47.1–47.6%). Over 12 months, patients
initiating UMEC/VI had significantly reduced risk
(hazard ratio [95% CI]: 0.87 [0.79, 0.96];
p = 0.006) and rates (rate ratio [95% CI]: 0.80
[0.72, 0.92]; p = 0.008) of COPD-related inpatient
admissions compared with TIO. While all-cause
readmission rates were similar between treatment
cohorts, readmission rates among patients with
an initial admission length of stay of 1–3 days
were numerically lower for UMEC/VI versus TIO
(30-day readmissions: 10.5% vs. 12.4%; 90-day
readmissions: 15.5% vs. 19.8%). Similar patterns
were observed for COPD-related readmissions.
Conclusions: These findings highlight the real-
world benefits of dual therapy with UMEC/VI
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versus TIO in reducing inpatient admissions
and readmissions in patients with COPD, which
may translate to lower healthcare costs.

PLAIN LANGUAGE SUMMARY

Patients with chronic obstructive pulmonary
disease (COPD) who are admitted to the hospital
are more likely to be readmitted in the future,
have higher healthcare costs, and are more likely
to die from their illness. Patients who are read-
mitted to hospital have even higher treatment
costs. Identifying which treatments are best at
reducing the number of patients with COPD who
are admitted to the hospital may help to improve
outcomes and reduce the cost of COPD treat-
ment. We used US healthcare claims data to
compare two daily treatments for COPD,
umeclidinium/vilanterol and tiotropium. We
aimed to find out which treatment was more
effective at reducing hospital admissions due to
COPD. We also compared how many patients on
each treatment were readmitted within 30 or 90
days of their original hospital admission for
COPD. We found that patients who started
treatment with umeclidinium/vilanterol were
less likely to be admitted to the hospital for
COPD than patients who started treatment with
tiotropium. Similar numbers of patients on each
treatment were readmitted to the hospital within
30 or 90 days after they were discharged. How-
ever, among patients whose initial hospital stay
was short (1–3 days), readmissions within 30 or
90 days were less common with umeclidinium/
vilanterol than tiotropium. These findings sug-
gest that umeclidinium/vilanterol may be more
effective than tiotropium at reducing the num-
ber of patients with COPD who need to be
admitted or readmitted to hospital. Starting
COPD treatment with umeclidinium/vilanterol
may lead to better health outcomes and lower
costs than tiotropium.

Keywords: COPD; Hospitalization; Initial main-
tenance therapy; Inpatient admission; LAMA;
LAMA/LABA; Readmission; UMEC/VI; Tiotro-
pium; Umeclidinium/vilanterol

Key Summary Points

Why carry out this study?

Patients with chronic obstructive
pulmonary disease (COPD) who are
admitted to hospital for COPD
exacerbations are at elevated risk of
hospital readmissions, greater treatment
costs, and excess mortality.

Clinical trials have demonstrated
significantly greater improvements in
lung function, symptoms, and health-
related quality of life with the long-acting
muscarinic antagonist/long-acting
b2-agonist (LAMA/LABA) dual therapy
umeclidinium/vilanterol (UMEC/VI)
compared with the LAMA monotherapy
tiotropium; however, few studies have
compared these treatments in the real-
world setting on clinical outcomes such as
hospitalizations.

This claims-based retrospective study
assessed the impact of initiating
maintenance therapy with UMEC/VI
versus TIO on COPD-related inpatient
admissions and readmissions in patients
with COPD.

What was learned from the study?

Patients receiving UMEC/VI compared
with TIO had significantly reduced risk
and rates of COPD-related inpatient
admissions. Readmission rates among
those who had a short length of stay
(1–3 days) at their initial admission were
numerically lower for the UMEC/VI
cohort than the TIO cohort.

These findings highlight the real-world
benefits of dual therapy with UMEC/VI
versus TIO in reducing inpatient
admissions and potentially reducing
readmissions in patients with COPD,
which may translate to lower healthcare
costs.
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DIGITAL FEATURES

This article is published with digital features,
including a summary slide and plain language
summary, to facilitate understanding of the arti-
cle. To view digital features for this article go to
https://doi.org/10.6084/m9.figshare.13953734.

INTRODUCTION

Exacerbations of chronic obstructive pulmonary
disease (COPD) are characterized by an acute
worsening of symptoms that necessitates addi-
tional treatment to achieve control, and are
associated with increased healthcare resource
utilization (HRU) and costs [1–3]. Severe COPD
exacerbations can necessitate inpatient hospital
admission, which has been linked to an
increased risk of subsequent readmission and
mortality [2, 4–8]. Inpatient readmissions are
associated with a 20% increase in healthcare
costs over the original inpatient admission
event [6]. For hospitals and payers, readmission
costs are further increased due to financial
penalties levied by the Centers for Medicare and
Medicaid Services (CMS) against hospitals with
excess inpatient readmissions within 30 days for
patients with COPD [9, 10]. These cost impli-
cations highlight the importance of identifying
treatments that can reduce inpatient admis-
sions and readmissions.

In clinical trials, patients with COPD treated
with the long-acting muscarinic antagonist/long-
acting b2-agonist (LAMA/LABA) dual therapy
umeclidinium/vilanterol (UMEC/VI) demon-
strated significantly greater improvements in
lung function, symptoms, and health-related
quality of life compared with patients receiving
the LAMA monotherapy tiotropium (TIO)
[11–13]. A cost-effectiveness analysis also found
that UMEC/VI is associated with lower lifetime
medical costs than TIO [14]. However, no pub-
lished studieshaveyet compared these treatments
on real-world outcomes that are relevant to
patients’ disease burden and treatment costs, such
as inpatient admission and readmission rates.

The objective of this study was to assess the
impact of initiating maintenance therapy with

UMEC/VI versus TIO on COPD-related inpa-
tient admissions and readmissions in patients
with COPD.

METHODS

Data Source and Study Design

This was a retrospective matched cohort study
using healthcare insurance claims from Optum’s
de-identified Clinformatics Data Mart database,
with data ranging from January 1, 2013, to
December 31, 2018. The database comprises
claims data from a geographically diverse popu-
lation of 12–14 million United Health Group
members, including both commercial and
Medicare Advantage health plan data, and con-
tains historical data on patient demographics,
insurance coverage, dates of eligibility and death,
claims for inpatient and outpatient visits, costs of
services, and filled prescriptions.

The study was designed and conducted in
accordance with the principles of the 1964
Declaration of Helsinki and its later amend-
ments. The study used fully de-identified retro-
spective claims data, which were compliant
with the patient requirements of the Health
Insurance Portability and Accountability Act of
1996 (HIPAA), and as such was not classified as
research involving human participants. There-
fore, institutional review board approval was
not required.

The index date was defined as the date of the
first pharmacy claim for UMEC/VI or TIO dur-
ing the identification period, which spanned
from January 1, 2014, to December 31, 2018
(Fig. 1). Patients were classified into mutually
exclusive cohorts based on their index medica-
tion (UMEC/VI or TIO). The on-treatment per-
iod was defined as the period from the index
date to the date of a pharmacy fill for a non-
index maintenance medication (i.e., inhaled
corticosteroid [ICS], LABA, or LAMA), discon-
tinuation of the index medication, end of con-
tinuous eligibility, end of data availability, or
death. Discontinuation was defined as a C 45-
day gap (C 115 days for mail orders) between
the end of a dispensing and the next fill, or
between the end of the last dispensing and the
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end of data availability. For the analysis of
inpatient readmissions, the follow-up period
was defined as the 30-day or 90-day period after
the index discharge date (defined as the dis-
charge date for the first COPD-related inpatient
admission during the on-treatment period)
(Fig. 1).

Study Population

Patients included in the primary analysis of
inpatient admissions were C 40 years of age at
index, and were required to have: C 1 phar-
macy claim for UMEC/VI or TIO (via dry-pow-
der inhaler) during the identification period; C
12 months of continuous medical and phar-
macy coverage during the pre-index period;
and C 1 medical claim with a diagnosis for
COPD during the 12-month pre-index period,
or on the index date. A complete list of Inter-
national Statistical Classification of Diseases
and Related Health Problems (ICD) codes used
to identify claims for COPD and COPD exacer-
bations is included in Table S1 (in the electronic
supplementary material). Patients were exclu-
ded if they had: C 1 pharmacy claim for main-
tenance medication containing ICS, LABA, or
LAMA during the 12-month pre-index period;
C 1 pharmacy claim on the index date for both
UMEC/VI and TIO, a non-index controller
medication, or single- or multiple-inhaler triple
therapy (ICS/LAMA/LABA); or C 1 medical
claim with a diagnosis for asthma any time prior
to or after the index date (ICD 9th Edition
Clinical Modification codes: 493.xx; ICD 10th
Edition Clinical Modification codes: J45.3x,
J45.4x, J45.5x, J45.9xx).

Patients included in the readmission analysis
were also required to have C 1 COPD-related
admission during the on-treatment period, to
be alive at the index discharge date, and to have
continuous medical and pharmacy coverage
for C 30 or C 90 days after the index discharge
date. Readmissions were also evaluated among a
subgroup of patients with a short initial COPD-
related admission (length of stay [LOS] of
1–3 days).

Outcomes

The primary outcome was time to first COPD-
related inpatient admission during the on-
treatment period, defined as an inpatient
admission with a primary or secondary diag-
nosis of COPD (Table S1 in the electronic
supplementary material). Secondary outcomes
included the rate of COPD-related inpatient
admissions during the on-treatment period (up
to 12 months post-index) and the rate of all-
cause and COPD-related inpatient readmissions
within 30 and 90 days of the index discharge
date. Readmission rates were assessed regardless
of whether patients were on treatment at the
time of readmission; medication changes after
the initial inpatient admission were reported.

Statistical Analysis

Patients in the UMEC/VI and TIO cohorts were
matched (1:1) using propensity score matching
based on probability estimates from a logistic
regression model including the following base-
line covariates: age, sex, region, insurance type,
year and quarter of index date, Quan-Charlson
Comorbidity Index (CCI) score, proportion of
patients with pre-index moderate and severe
exacerbations, respiratory medications (includ-
ing systemic corticosteroids, short-acting
b2-agonists [SABA], short-acting muscarinic
antagonists [SAMA], and SABA/SAMA combi-
nations), HRU, medical costs, and Elixhauser
[15] and Diagnostic and Statistical Manual-V
(DSM-V) comorbidities with a prevalence C 5%
in either cohort (Table S2 in the electronic
supplementary material).

Descriptive statistics for patient characteris-
tics during the pre-index period included means
and standard deviations (SD) for continuous
variables and relative frequencies for categorical
variables. The primary outcome was assessed
using Kaplan–Meier survival analysis and com-
pared between cohorts using hazard ratios (HR)
from Cox proportional hazards regression
models. COPD-related inpatient admission rates
were reported per 100 person-days and com-
pared using rate ratios (RR) from Poisson
regression models; confidence intervals (CI) and
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p values were calculated using non-parametric
bootstrap procedures. The proportions of
patients in either cohort who switched medi-
cation after the initial inpatient admission were
reported. The proportions of patients with
30-day and 90-day readmissions were reported,
and readmission rates were calculated as the
total number of events per patient (not cen-
sored after the first event) divided by the total
number of patients.

RESULTS

Study Sample

Of the 282,263 patients who initiated treatment
with UMEC/VI or TIO during the identification
period, 11,009 receiving UMEC/VI and 21,039
receiving TIO met the study eligibility criteria
and were included in the study (Fig. 2). Following
propensity score matching, 7997 patients were
included in each treatment cohort.

Patient Demographics and Characteristics
Patient demographics at index, and clinical
characteristics, medication history, and HRU
during the pre-index period for unmatched and
matched cohorts are shown in Table 1. Matched
treatment cohorts had a similar mean age (both
70.9 years), proportion of women (47.1–47.6%),
proportion of Medicare patients (80.0–80.5%),
mean Quan-CCI score (both 3.3), mean exac-
erbation rate (0.49–0.50 events/year), and
COPD-related HRU and medical costs. The
most common pre-index Elixhauser comor-
bidities in the matched UMEC/VI and TIO
cohorts were chronic pulmonary disease
(89.1–89.8%), hypertension (75.7–75.8%), and
diabetes (30.9–31.2%) (Table S2 in the elec-
tronic supplementary material). The most
common respiratory medications used in the
UMEC/VI and TIO cohorts were systemic corti-
costeroids (46.5–46.7%) and SABA (both
39.2%). After matching, patients treated with
UMEC/VI versus TIO had a similar mean eligi-
bility period (474 vs. 468 days) and a longer
mean on-treatment period (152 vs. 106 days).

Time to First On-Treatment COPD-Related
Inpatient Admission

Patients treated with UMEC/VI had significantly
lower risk of COPD-related inpatient admission
compared with those treated with TIO. During
up to 12 months of treatment, 24.1% and
26.1% of patients receiving UMEC/VI and TIO,
respectively, experienced a COPD-related inpa-
tient admission, corresponding to a 13% lower
risk of admission (HR [95% CI]: 0.87 [0.79,
0.96]; p = 0.006; Fig. 3). The mean time to first
COPD-related admission was 22 days longer for
the UMEC/VI cohort than the TIO cohort (88
vs. 66 days).

Rate of On-Treatment COPD-Related
Inpatient Admissions

The rate of COPD-related inpatient admissions
was also significantly reduced among patients
in the UMEC/VI cohort (0.106 events/100 per-
son-days) compared with the TIO cohort (0.132
events/100 person-days), resulting in a 20%
lower rate among patients treated with
UMEC/VI versus TIO (RR [95% CI]: 0.80 [0.72,
0.92]; p = 0.008) (Table 2).

Medication Change After On-Treatment
Inpatient Admission
Of the 840 and 717 patients receiving UMEC/VI
and TIO who had an on-treatment inpatient
admission and C 30 days of continuous enroll-
ment post-discharge, 748 (89.0%) and 613
(85.5%) remained on their index treatment at
discharge. Among the 74 and 121 patients who
switched from UMEC/VI and TIO, the most
common therapies used after switching were
ICS (45.9% and 9.9%) and ICS/LABA (17.6%
and 71.1%).

Inpatient Readmissions

Of the 840 and 717 patients who initiated
UMEC/VI and TIO and were eligible for the
30-day readmission analysis, 11.7% in each
cohort experienced an all-cause inpatient
readmission. Among patients with an initial
admission LOS of 1–3 days, 10.5% and 12.4% in
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Fig. 2 Patient disposition. aPatients initiating mainte-
nance therapy with both UMEC/VI and TIO on the
index date were classified as TIO and subsequently
excluded (n = 79). bPatients with C 1 COPD diagnosis
code. cPatients with C 1 asthma diagnosis code. dIMT was
defined as no ICS-, LABA-, or LAMA-containing con-
troller prior to the first pharmacy claim for UMEC/VI or

TIO during the identification period. COPD chronic
obstructive pulmonary disease, ICS inhaled corticosteroid,
IMT initial maintenance therapy, LABA long-acting b2-
agonist, LAMA long-acting muscarinic antagonist, TIO
tiotropium, UMEC umeclidinium, VI vilanterol
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Table 1 Patient demographics and clinical characteristics during the pre-index period and at index

Unmatched cohorts Propensity score-matched cohorts

UMEC/VI
n = 11 009

TIO
n = 21 039

Standardized
diff.a (%)

UMEC/VI
n = 7997

TIO
n = 7997

Standardized
diff.a (%)

Post-index eligibility

period,b days, mean

(SD)

422.4 (318.3) 717.7 (519.2) 68.6 474.3 (339.4) 467.9 (344.2) 1.9

On-treatment follow-up

period,c days, mean

(SD)

141.8 (181.5) 121.0 (195.4) 11.0 152.4 (197.5) 105.5 (152.0) 26.6

Age, years, mean (SD) 70.4 (9.8) 71.6 (9.7) 12.2 70.9 (9.8) 70.9 (9.8) 0.1

Female, n (%) 5036 (45.7) 10 295 (48.9) 6.4 3767 (47.1) 3806 (47.6) 1.0

Region, n (%)

South 5755 (52.3) 7626 (36.2) 32.3 3573 (44.7) 3516 (44.0) 1.4

West 1872 (17.0) 6134 (29.2) 28.8 1709 (21.4) 1767 (22.1) 1.8

Midwest 2314 (21.0) 4797 (22.8) 4.3 1877 (23.5) 1868 (23.4) 0.3

Northeast 1045 (9.5) 2418 (11.5) 6.5 825 (10.3) 821 (10.3) 0.2

Unknown 23 (0.2) 64 (0.3) 1.9 13 (0.2) 25 (0.3) 3.1

Insurance plan type, n (%)

Medicare 8633 (78.4) 17 327 (82.4) 9.9 6394 (80.0) 6437 (80.5) 1.3

Commercial 2376 (21.6) 3712 (17.6) 9.9 1603 (20.0) 1560 (19.5) 1.3

Quan-CCI, mean (SD) 3.3 (2.4) 3.3 (2.5) 0.5 3.3 (2.5) 3.3 (2.5) 0.9

COPD-related exacerbations, mean (SD)

Overall 0.50 (0.81) 0.50 (0.83) 0.5 0.50 (0.82) 0.49 (0.80) 1.0

Moderated 0.35 (0.69) 0.27 (0.63) 11.6 0.32 (0.66) 0.31 (0.65) 1.3

Severee 0.15 (0.42) 0.23 (0.52) 17.3 0.18 (0.47) 0.18 (0.44) 0.1

Patients with COPD-related exacerbations, n (%)

Overall 3897 (35.4) 7587 (36.1) 1.4 2829 (35.4) 2883 (36.1) 1.4

Moderated 2459 (22.3) 3436 (16.3) 15.2 1557 (19.5) 1554 (19.4) 0.1

Severee 1438 (13.1) 4151 (19.7) 18.0 1272 (15.9) 1329 (16.6) 1.9

Respiratory medications, n (%)

Systemic corticosteroids 5505 (50.0) 8729 (41.5) 17.1 3733 (46.7) 3719 (46.5) 0.4

SABA 4563 (41.4) 7222 (34.3) 14.7 3131 (39.2) 3134 (39.2) 0.1

SAMA/SABA 1100 (10.0) 1944 (9.2) 2.6 762 (9.5) 790 (9.9) 1.2

Montelukast 584 (5.3) 673 (3.2) 10.4 395 (4.9) 331 (4.1) 3.8

SAMA 182 (1.7) 386 (1.8) 1.4 128 (1.6) 147 (1.8) 1.8
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Table 1 continued

Unmatched cohorts Propensity score-matched cohorts

UMEC/VI
n = 11 009

TIO
n = 21 039

Standardized
diff.a (%)

UMEC/VI
n = 7997

TIO
n = 7997

Standardized
diff.a (%)

Methylxanthines 47 (0.4) 84 (0.4) 0.4 34 (0.4) 27 (0.3) 1.4

Chronic antibiotic (C 6 months

of continuous use)

35 (0.3) 56 (0.3) 1.0 28 (0.4) 22 (0.3) 1.3

N-acetylcysteine 5 (0.0) 16 (0.1) 1.2 5 (0.1) 5 (0.1) 0.0

PDE-4 inhibitor 9 (0.1) 31 (0.1) 1.9 8 (0.1) 5 (0.1) 1.3

COPD-related HRU, mean (SD)

Hospitalizations 0.26 (0.64) 0.41 (0.83) 20.6 0.31 (0.71) 0.33 (0.66) 2.8

ED visits 0.27 (0.89) 0.35 (1.16) 7.4 0.31 (0.99) 0.32 (0.91) 1.3

Outpatient visits 3.2 (6.7) 2.7 (7.3) 7.9 3.1 (6.9) 3.0 (8.7) 0.8

Other visitsf 1.5 (4.1) 1.9 (5.0) 9.2 1.5 (4.2) 1.6 (4.2) 1.4

COPD-related medical costs, USD 2019, mean (SD)

Total medical costs $10,085

(28,144)

$14,251

(37,790)

12.5 $11,335

(31,071)

$11,738

(27,462)

1.4

Hospitalizations $6091

(22, 290)

$9969

(32,904)

13.8 $7304

(24, 727)

$7693

(23,045)

1.6

ED visits $1348

(8365)

$1946

(10,620)

6.3 $1529

(9524)

$1551

(7421)

0.3

Outpatient visits $2353

(9045)

$1991

(10,732)

3.6 $2206

(8889)

$2201

(10,300)

0.0

COPD chronic obstructive pulmonary disease, diff difference, ED emergency department, HRU healthcare resource
utilization, PDE-4 phosphodiesterase-4, Quan-CCI Quan-Charlson Comorbidity Index, SABA short-acting b2-agonist,
SAMA short-acting muscarinic antagonist, SD standard deviation, TIO tiotropium, UMEC/VI umeclidinium/vilanterol,
USD United States dollars
a For continuous variables, the standardized difference was calculated by dividing the absolute difference in means of the
control and the case by the pooled SD of both cohorts. The pooled SD is the square root of the average of the squared SD;
for dichotomous variables, the standardized difference is calculated using the following equation, where P is the respective
proportion of patients in each cohort: |(Pcase – Pcontrol)|/H[(Pcase(1 - Pcase) ? Pcontrol(1 - Pcontrol))/2]
b From index date until death, end of eligibility, or end of data availability
c From the index date until discontinuation, a switch to a non-index medication, death, end of eligibility, or end of data
availability
d Defined as an outpatient or ED visit with a primary diagnosis of COPD and C 1 dispensing/administration of a systemic
corticosteroid or guideline-recommended antibiotic within ± 5 days
e Defined as an inpatient hospitalization with a diagnosis code for COPD in the primary position
f Includes visits such as home services and hospice
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the UMEC/VI and TIO cohorts had an all-cause
inpatient readmission (Table 3). The cumulative
proportions of these events were similar between
treatment cohorts (Fig. 4a–d).

Of the 707 and 603 patients who initiated
therapy with UMEC/VI and TIO and were eli-
gible for the 90-day readmission analysis, 15.3%
and 16.9% experienced an all-cause inpatient
readmission. Among patients with an initial
admission LOS of 1–3 days, 15.5% and 19.8% in
the UMEC/VI and TIO cohorts had an all-cause
inpatient readmission (Table 3). Mean rates of
all-cause and COPD-related inpatient

readmissions within 90 days were similar
between cohorts (Fig. 5a, b), but were slightly
lower in the UMEC/VI cohort than in the TIO
cohort for patients with an initial admission
LOS of 1–3 days (Fig. 5c, d).

DISCUSSION

This claims-based observational study found
that patients initiating maintenance therapy
with UMEC/VI in a real-world clinical setting
had a significantly lower risk of COPD-related
inpatient admissions, and experienced 20%

Fig. 3 Time to first on-treatment COPD-related inpatient admission. CI confidence interval, COPD chronic obstructive
pulmonary disease, TIO tiotropium, UMEC umeclidinium, VI vilanterol

Table 2 Rate of inpatient admissions

UMEC/VI
(n = 7997)

TIO
(n = 7997)

On-treatment period,a days, mean (SD) 124.4 (118.3) 91.8 (99.0)

Total person-years 2725 2010

COPD-related inpatient admissions 1056 971

Rate of COPD-related inpatient admissions per 100 person-days 0.106 0.132

Rate ratio vs. TIO (95% CI) 0.80 (0.72, 0.92); p = 0.008

CI confidence interval, COPD chronic obstructive pulmonary disease, SD standard deviation, TIO tiotropium, UMEC/VI
umeclidinium/vilanterol
a From the index date until discontinuation, a switch to a non-index medication, death, end of eligibility, or end of data
availability
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lower rates of such admissions while on treat-
ment, compared with patients initiating TIO.
Over 85% of patients in both treatment cohorts
continued on their initial UMEC/VI or TIO
therapy following inpatient discharge. These
results build on previously demonstrated bene-
fits of UMEC/VI dual therapy, including
improved lung function, symptom control, and

health-related quality of life compared with TIO
monotherapy [11–13].

Among patients eligible for the 30-day
readmission analysis, 11.7% in each treatment
cohort had an all-cause readmission. Previous
claims-based database and observational studies
of patients with COPD have reported readmis-
sion rates of 12–19% [6, 16–18]; the slightly
lower readmission rates in this study may reflect

Table 3 Inpatient readmissions within 30 and 90 days

UMEC/VI TIO

Readmissions within 30 days

Patients with a first admission,a n 840 717

All-cause inpatient readmission, n (%) 98 (11.7) 84 (11.7)

Mean rate (SD) 0.14 (0.46) 0.13 (0.38)

COPD-related inpatient readmission, n (%) 94 (11.2) 76 (10.6)

Mean rate (SD) 0.13 (0.44) 0.12 (0.36)

Patients with a first admission LOS of 1–3 days, n 248 193

All-cause inpatient readmission, n (%) 26 (10.5) 24 (12.4)

Mean rate (SD) 0.16 (0.63) 0.15 (0.46)

COPD-related inpatient readmission, n (%) 25 (10.1) 22 (11.4)

Mean rate (SD) 0.14 (0.58) 0.13 (0.44)

Readmissions within 90 days

Patients with a first admission,a n 707 603

All-cause inpatient readmission, n (%) 108 (15.3) 102 (16.9)

Mean rate (SD) 0.21 (0.62) 0.23 (0.63)

COPD-related inpatient readmission, n (%) 99 (14.0) 93 (15.4)

Mean rate (SD) 0.19 (0.57) 0.20 (0.56)

Patients with a first admission LOS of 1–3 days, n 220 162

All-cause inpatient readmission, n (%) 34 (15.5) 32 (19.8)

Mean rate (SD) 0.25 (0.77) 0.30 (0.86)

COPD-related inpatient readmission, n (%) 30 (13.6) 30 (18.5)

Mean rate (SD) 0.22 (0.71) 0.27 (0.75)

COPD chronic obstructive pulmonary disease, LOS length of stay, SD standard deviation, TIO tiotropium, UMEC/VI
umeclidinium/vilanterol
a For the analysis of 30-day and 90-day readmissions, patients were required to have C 30 and C 90 days of continuous
eligibility after the index discharge date, respectively
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the fact that all patients by definition were on
treatment with UMEC/VI or TIO at the time of
their initial admission. In the present study, the
proportion of patients with all-cause and
COPD-related inpatient readmissions within
30 and 90 days was numerically lower with
UMEC/VI versus TIO in the subgroup of
patients with an initial LOS of 1–3 days. A ret-
rospective cohort study has shown that inpa-
tient LOS is an independent predictor of
avoidable inpatient readmissions [19, 20], sup-
porting the clinical relevance of this finding.
Taken together, these findings suggest that
UMEC/VI compared with TIO can reduce inpa-
tient admissions and readmissions through
improved symptom control, and possibly by
reducing exacerbations, which may in turn
lower the risk of patient mortality [7, 8].

The results of the present study highlight the
importance of investigating the effects of
maintenance treatments on COPD exacerba-
tions in the real-world setting by measuring
discrete events such as inpatient admissions
and readmissions. Many retrospective database
studies assessing the effect of treatment on
severe exacerbations (defined by the Global
Initiative for COPD as events requiring an
emergency department visit or hospitalization)
have used algorithms stipulating a certain
period of time (i.e., 14 days) to delineate one
exacerbation from another [1, 21, 22]. However,
in clinical practice, distinguishing one exacer-
bation from the next can be difficult, particu-
larly as exacerbations have been shown to
cluster together in time [23]. Consequently, the
reported incidence of exacerbations is depen-
dent on the exacerbation definitions and
detection algorithms used [24]. Evaluating the
occurrence of an easily identifiable event such
as inpatient admission or readmission can
therefore provide a consistent assessment of
real-world treatment outcomes.

In addition to the impact of hospital admis-
sions on patient prognosis [4, 5, 7, 8], inpatient
readmissions are associated with increased
healthcare costs [6, 9, 10], highlighting the
importance of reducing these events. A study in
patients hospitalized for COPD exacerbations in
2013 and 2014 reported that inpatient read-
missions within 30 days incurred 20% higher

healthcare costs than the initial admission [6].
Furthermore, under the CMS Hospital Read-
missions Reduction Program, which levies
financial penalties against US hospitals with
excess inpatient readmissions for COPD [9, 10],
hospitals can lose up to 3% of their Medicare
payments for all-cause readmissions within
30 days [10]. The findings of the present study
show that initial maintenance therapy with
UMEC/VI compared with TIO leads to fewer
inpatient admissions, and may also be associ-
ated with a reduced frequency of readmissions
within 30 and 90 days, which could in turn
reduce treatment costs. In support of this, a
previous study has demonstrated that UMEC/VI
is cost-effective and is associated with a reduc-
tion in lifetime costs of approximately $6000
compared with TIO [14]. Additionally, previous
studies have shown that patients initiating TIO
had an 87% higher risk of escalation to triple
therapy compared with those initiating
UMEC/VI [25]. Notably, around 80% of patients
in the propensity score-matched cohorts in the
present study were Medicare enrollees and
would therefore be subject to readmission
penalties, further supporting the suggestion
that reduced readmission rates may contribute
to reduced treatment costs.

This study has several strengths. The study
population was extracted from a database rep-
resenting a large, geographically diverse sample
of the US population over three full calendar
years, and propensity score matching was used
to minimize confounding effects of observed
patient characteristics on study outcomes. The
study also has several limitations, most of
which are inherent to claims-based studies,
which should be considered when interpreting
the results. The presence of a pharmacy claim
for a dispensed medication does not necessarily
demonstrate that a medication has been taken
as prescribed, and there is also the potential for
inaccurate claim coding. In addition, claims
data do not account for use of over-the-counter
medications, medication samples, and any
medications received during an inpatient hos-
pital stay. The study did not include any clinical
measures to assess lung function or symptoms,
as these are not available in claims data. Despite
propensity score matching, there is still the
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possibility of confounding due to treatment
cohort differences in unmeasured variables such
as the degree of airway obstruction or current
smoking status, which are associated with lung
function decline [26]. Finally, these results may
have limited generalizability to the uninsured
US population, or non-US populations.

CONCLUSIONS

These findings highlight the real-world benefits
of initiating maintenance therapy with
UMEC/VI dual therapy over TIO monotherapy
in reducing COPD-related inpatient admissions
and all-cause or COPD-related readmissions
among patients with COPD. These reductions
in admissions may translate to better health
outcomes and reduced healthcare costs for
patients with COPD initiating maintenance
therapy with UMEC/VI compared with TIO.
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