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Purpose: Patients with chronic obstructive pulmonary disease (COPD) who are hospitalized are more likely to die from their illness 
and have increased likelihood of re-admission than those who are not. Subsequent re-admissions further increase the burden on 
healthcare systems. This study compared inpatient admission rates and time-to-first COPD-related inpatient admission among 
Medicare beneficiaries with COPD indexed on umeclidinium/vilanterol (UMEC/VI) versus tiotropium (TIO).
Patients and Methods: This retrospective study used the All-Payer Claims Database to investigate hospital admission and re- 
admission outcomes in Medicare beneficiaries with COPD with an initial pharmacy claim for UMEC/VI or TIO from 1 January 2015 
to 28 February 2020. Inpatient admissions, baseline, and follow-up variables were assessed in patients indexed on UMEC/VI and TIO 
after propensity score matching (PSM), with time-to-first on-treatment COPD-related inpatient admission as the primary endpoint. Re- 
admissions were assessed among patients with a COPD-related inpatient admission in the 30- and 90-days post-discharge.
Results: Post-PSM, 7152 patients indexed on UMEC/VI and 7069 on TIO were eligible for admissions analysis. The mean (standard 
deviation [SD]) time-to-first COPD-related inpatient admission was 46.71 (87.99) days for patients indexed on UMEC/VI and 44.96 
(85.90) days for those on TIO (p=0.06). The mean (SD) number of inpatient admissions per patient was 1.24 (2.92) for patients indexed 
on UMEC/VI and 1.26 (3.05) for those on TIO (p=0.49). Proportion of patients undergoing re-admissions was similar between treatments 
over both 30 and 90 days, excluding a significantly lower proportion of patients indexed on UMEC/VI than those indexed on TIO for 
COPD-related re-admissions for hospital stays of 4–7 days and 7–14 days, and all-cause re-admissions for stays of 4–7 days.
Conclusion: Patients with COPD using Medicare in the US and receiving UMEC/VI or TIO reported similar time-to-first inpatient 
admission and similar proportion of re-admissions.

Plain Language Summary: Umeclidinium/vilanterol (UMEC/VI) is associated with improvements in patient outcomes for chronic 
obstructive pulmonary disease (COPD) versus tiotropium (TIO). Patients with COPD who have hospitalizations have higher healthcare 
costs and are more likely to be re-hospitalized and die from their illness than those who do not. This study compared hospital 
admission rates and time to admission among Medicare beneficiaries with COPD treated with UMEC/VI versus TIO. 

This study used a medical record database to compare hospital admissions and re-admissions, baseline and follow-up variables were 
compared in patients prescribed with UMEC/VI and TIO from 1 January 2015 to 28 February 2020. Hospital re-admissions were 
assessed among patients with a COPD-related inpatient admission in the 30 or 90 days after discharge. 

Patients had similar COPD-related hospitalizations and number of hospital admissions per patient regardless of medication. Proportion 
of patients undergoing re-admissions was similar between treatments, apart from a lower proportion of patients prescribed UMEC/VI 
than TIO for COPD-related re-admissions for hospital stays of 4–7 and 7–14 days, and all-cause re-admissions for 4–7 days. 

Despite expectations that patients receiving UMEC/VI would demonstrate increased time-to-first admission and a lower proportion of re- 
admissions than those receiving TIO, patients reported similar data irrespective of their prescribed medication. Use of head-to-head 
comparison with claims data and inability to divide patients based on lung function or clinical symptoms may have decreased chances of 
detecting any significant difference between the treatments, although these results support current recommendations on use of dual therapy. 
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Introduction
Chronic obstructive pulmonary disease (COPD) is common both in the United States (US) and globally, with 6.2% of 
adults in the US having a diagnosis of COPD1 and 212.3 million cases of COPD being reported globally in recent years.2 

It is also a leading global cause of death and hospitalization, accounting for 3.3 million deaths in 2019.2 This burden on 
healthcare is expected to grow in coming years due to increased global exposure to tobacco and noxious particles, aging 
populations, and lack of awareness and access to diagnosis.3–5

Patients with COPD who are admitted to the hospital have higher healthcare costs and are more likely to die from 
their illness than those who do not require hospital admission.6 Hospital admission also increases the likelihood of future 
re-admissions, with almost one-fifth of patients hospitalized following an exacerbation requiring re-admission within 30 
days.7 Subsequent re-admissions further increase treatment costs and burden on healthcare systems, being associated with 
a 20% increase in healthcare costs over the original admission event in the US.7 Exacerbations resulting in hospitalization 
account for up to 70% of the estimated $40 billion COPD-related medical costs in the US each year.8 Better control of 
COPD and prevention of exacerbations could therefore help to reduce patient hospital admissions and mortality, and 
subsequently COPD-related medical costs and healthcare burden.

At the time of this study, for patients receiving maintenance therapy with long-acting muscarinic antagonist (LAMA) 
or long-acting β2-agonist (LABA) monotherapy, but who still experienced exacerbations, the Global Initiative for 
Chronic Obstructive Lung Disease (GOLD) strategic report recommended escalating to LAMA/LABA dual therapy.9 

LAMA/LABA dual therapy was also recommended as an initial treatment for patients with at least 2 moderate or 1 
severe exacerbation, modified Medical Research Council dyspnea questionnaire (mMRC) score of 2 or less, and who are 
highly symptomatic (eg, a COPD Assessment Test [CAT] score >10). For all other patients, treatment with a single 
bronchodilator (LAMA or LABA) or inhaled corticosteroid (ICS)/LABA dual therapy was recommended.9 The current 
GOLD strategic report (2023) now recommends LAMA/LABA dual therapy as initial maintenance therapy for all 
patients except those with 0 or 1 moderate exacerbations and a mMRC score of 0–1 or a CAT score of less than 10, where 
treatment with a single bronchodilator (LAMA or LABA) is recommended.10 The current American Thoracic Society 
(ATS) guidelines recommend initiating treatment with LAMA/LABA dual therapy for all patients with dyspnea.11

Both tiotropium (TIO), a LAMA monotherapy, and umeclidinium/vilanterol (UMEC/VI), a LAMA/LABA dual 
therapy, are once-daily, single-dose treatments for COPD administrated as dry powder.12,13 Previous research has 
found significant improvements in measures of time-to dyspnea, lung function, health outcomes, rescue medication 
use, and risk of first exacerbation in patients indexed on UMEC/VI versus those indexed on TIO.12,14–16 This study 
compared inpatient admission rates and time to inpatient admission among Medicare beneficiaries with COPD who 
initiated treatment with UMEC/VI versus TIO.

Methods
Study Design
This was a retrospective study using an All-Payer Claims Database (APCD), a large database including medical, pharmacy, 
and dental claims, and eligibility and provider files collected from both private and public payers, which are reported 
directly by insurers.17 This APCD included Medicare beneficiaries diagnosed with COPD and with an initial pharmacy 
claim for UMEC/VI or TIO during the identification period, which spanned from 1 January 2015 to 28 February 2020. The 
index date was the date of the first pharmacy claim for UMEC/VI or TIO during the identification period.

Two analyses were performed, the first focusing on initial patient hospital admissions (admissions analysis), and 
the second on any subsequent re-admissions following discharge from the initial admission (re-admissions analysis) 
(Figure 1). For the admissions analysis, inpatient admissions during the on-treatment period (which spanned from the 
index date to the first stopping point) were assessed (Figure 1A). Stopping points were a pharmacy fill for a non-index 
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medication, discontinuation of index medication (defined as a gap of ≥45 days between the end of a dispensing and the next 
fill, or between the end of the last dispensing and the end of data), end of continuous enrollment, patient death, or end of 
patient data availability. For the re-admissions analysis, re-admissions were assessed among patients with at least one 
COPD-related inpatient admission in the 30- or 90-days post index date (discharge date of first admission). Identification 
periods were therefore 1 January 2015–29 January 2020 for the 30-day analysis, and 1 January 2015–30 November 2019 for 
the 90-day analysis (Figure 1B).

X
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2014
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28 Feb
202012-month baseline period 

(continuous health 
plan capture)

On-treatment period

Study period

Identification period: 1 Jan 2015 – 28 Feb 2020 

Index date: First UMEC/VI or TIO prescription date

First COPD-related inpatient 
admission during treatment

≥1 COPD medical
claim during the
baseline period
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 30-day analysis:1 Jan 2015 – 29 Jan 2020
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Index date: discharge date of first admission

Re-admission event

≥1 COPD medical
claim during the
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Figure 1 Study design for (A) admissions and (B) re-admissions analysis. 
Abbreviations: COPD, chronic obstructive pulmonary disease; TIO, tiotropium bromide; UMEC, umeclidinium; VI, vilanterol.
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The study was conducted in accordance with the ethical principles of the Declaration of Helsinki. Informed consent 
and ethics committee or Institutional Review Board approval were not required for the study as no direct patient contact 
or primary collection of patient data occurred.

Study Population
To be included in this study patients were required to be ≥65 years of age at the start of the pre-index period, have 
≥1 pharmacy claim for fixed-dose UMEC/VI or TIO during the identification period, and have ≥1 medical claim 
with an International Classification of Diseases (ICD) diagnosis code for COPD (ICD-9-Clinical Modification [CM]: 
491.x, 492.x, 496.x, or ICD-10-CM: J41–J44) in any position during the pre-index period (a minimum of 12 months 
prior to and including the index date). Continuous capture of the patient’s health plan throughout the pre-index 
period was also required, as well as Medicare insurance both at index and throughout pre- and post-index periods. 
For additional inclusion in the re-admission analyses, patients were also required to have ≥1 on-treatment inpatient 
admission (ie, hospitalization) and be alive at discharge. Continuous enrollment with medical and pharmacy 
coverage of ≥30 days after the index discharge date for the analysis of 30-day re-admissions, or ≥90 days after 
the index discharge date for the analysis of 90-day re-admissions was also required for inclusion in re-admission 
analyses.

Patients were excluded from the study if they had ≥1 pharmacy claim for ICS-, LABA-, or LAMA-containing 
controller therapy during the pre-index period, pharmacy claims for both UMEC/VI and TIO, for non-index controller 
medications, or fixed-dose triple therapy on the index date, or ≥1 medical claim with a diagnosis for asthma in the pre- 
index period, including index date. After application of inclusion and exclusion criteria, patients were divided into two 
cohorts: those indexed on UMEC/VI and those indexed on TIO.

Outcomes
The primary endpoint of the study was time-to-first on-treatment COPD-related inpatient admission. The secondary 
endpoints were mean number of admissions per patient, proportion of patients undergoing re-admission (COPD-related 
and all-cause, within 30 days and within 90 days, overall and stratified by stay length), and mean re-admissions per 
patient (over 30 and 90 days, COPD-related and all-cause).

COPD-related admissions and re-admissions were defined as any hospitalization claim with a primary diagnosis of 
COPD. Patient characteristics were obtained during the pre-index period (baseline characteristics) and during follow-up. 
Moderate exacerbations were defined as an outpatient or emergency room visit with a COPD exacerbation diagnosis code 
in the primary position. At least one dispensing/administration of a systemic corticosteroid or guideline-recommended 
antibiotic within five days following, or prior to the visit was also required. Severe exacerbations were defined as an 
inpatient hospitalization with a COPD exacerbation diagnosis code in the primary position.

Statistical Analysis
A power calculation based on the normal approximation to the binomial distribution, with 80% power, type I error alpha 
of 0.05 and a two-sided test determined the required sample size to obtain a power of 80% to detect a difference in the 
proportion of patients with a COPD-related admission is 10,198 patients per group (20,396 patients total). Propensity 
score matching (PSM) was conducted to balance patient characteristics between cohorts at baseline and follow-up. 
Patients were matched on their demographic and clinical characteristics. For this analysis, a 1:3 matching of patients 
indexed on UMEC/VI to patients indexed on TIO was used given sample sizes. A Poisson model was used to evaluate 
rate of inpatient hospitalization, and Kaplan–Meier curves were utilized to assess time to hospitalization and re- 
admission rates. Characteristics at baseline and follow-up were compared using t-tests for age, exacerbations during 
baseline, Quan Charlson Comorbidity Index (CCI) score, medication use, and healthcare resource utilization (HCRU), 
and Chi-squared tests for patient sex, year of index claim, and geographic region.
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Results
Study Population and Baseline Characteristics
A total of 61,547 patients were included at baseline: 17,742 (29%) patients indexed on UMEC/VI and 43,805 (71%) 
patients indexed on TIO (Supplementary Figure 1). During PSM, the patients initially included at baseline were matched 
into equal groups of 17,729 patients for both cohorts. Of these, 7152 patients indexed on UMEC/VI and 7069 patients 
indexed on TIO were eligible for admissions analysis following a COPD-related inpatient admission.

Post-PSM, at baseline, patients had similar mean ages regardless of treatment at index (UMEC/VI mean [standard 
deviation (SD)]: 73.8 [5.5], TIO mean [SD]: 73.8 [5.6]), and a similar proportion of patients indexed on UMEC/VI were 
female (51.2%) to those indexed on TIO (51.5%) (Table 1). CCI scores were identical between treatments (UMEC/VI 
mean [SD]: 3.2 [2.6], TIO mean [SD]: 3.2 [2.6]). Patients indexed on UMEC/VI had significantly fewer exacerbations 
(mean [SD]: 0.9 [1.8] vs 1.0 [1.9], p=0.0145), less methylxanthine use, more short-acting muscarinic antagonist/short- 
acting β2-agonist use, and more systemic corticosteroid use than patients indexed on TIO at baseline period (Table 1).

Post-PSM, at baseline, a significantly lower proportion of patients indexed on UMEC/VI had COPD-related inpatient 
admissions (29.9% vs 32.6%, p<0.0001), outpatient visits (68.9% vs 67.1%, p=0.0005, long-term care charges (25.0% vs 
31.5%, p<0.0001) and lab claims (33.2% vs 33.8%, p=0.2513) compared with patients indexed on TIO. Similar results 
were seen for all-cause HCRU (Table 1).

Table 1 Baseline Patient Characteristics

Baseline Characteristics UMEC/VI  
(n=17,742)

TIO  
(n=17,729)

p-valuea

Age, mean (SD) 73.8 (5.5) 73.8 (5.6) 0.8937

Female, n (%) 9081 (51.2) 9135 (51.5) 0.5661

Year of index claim, n (%)
2015 1432 (8.1) 1412 (8.0) 0.6958
2016 2604 (14.7) 2537 (14.3) 0.3122

2017 4046 (22.8) 4323 (24.4) 0.0005

2018 4645 (26.2) 4735 (26.7) 0.2786
2019 4234 (23.9) 4038 (22.8) 0.0138

Geographic region, n (%)
Northeast 3610 (20.4) 3647 (20.6) 0.6262

Midwest 3570 (20.1) 3812 (21.5) 0.0015

South 8655 (48.8) 8292 (46.8) 0.0001
West 1882 (10.6) 1967 (11.1) 0.1468

Unknown 12 (0.1) 11 (0.1) 0.8348

Exacerbations during baseline, mean (SD) 0.9 (1.8) 1.0 (1.9) 0.0145

CCI score, mean (SD) 3.2 (2.6) 3.2 (2.6) 0.8323

Medication use, n (%)
Methylxanthines 162 (0.9) 458 (1.2) 0.011
Phosphodiesterase-4 inhibitor (ie, roflumilast) 102 (0.6) 286 (0.7) 0.051

SAMA 490 (2.8) 1169 (2.9) 0.241

SAMA/SABA 2329 (13.1) 4678 (11.8) <0.0001
Systemic corticosteroids 7591 (42.8) 16,332 (41.1) 0.0001

Chronic antibiotic useb 44 (0.2) 89 (0.2) 0.576

Montelukast 1312 (7.4) 2871 (7.2) 0.450
NACc 0 (0.0) 2 (<0.1) 0.345

(Continued)
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Time-to-First On-Treatment COPD-Related Inpatient Admission and Mean Number 
of Admissions per Patient
Post-PSM, the mean (SD) time-to-first COPD-related inpatient admission was 46.71 (87.99) days for patients indexed on 
UMEC/VI and 44.96 (85.90) days for patients indexed on TIO (p=0.06). Post-PSM, mean (SD) number of inpatient 
admissions per patient was 1.24 (2.92) for patients indexed on UMEC/VI and 1.26 (3.05) for patients indexed on TIO 
(p=0.49).

COPD-Related and All-Cause On-Treatment Inpatient Re-Admissions
Of the 17,846 patients (29% of patients included at baseline) with a COPD-related inpatient admission, the 30-day re- 
admission cohort consisted of 12,954 (73%) patients who had data available for at least 30 days following the discharge 
date (UMEC/VI: n=3086 [24%], TIO: n=9868 [76%]), and the 90-day re-admission cohort consisted of 12,032 (67%) 
patients who had data available for at least 90 days following the discharge date (UMEC/VI: n=2854 [24%]; TIO: 
n=9178 [76%]).

A similar proportion of patients had a COPD-related inpatient re-admission for both treatments, within both 30 
(UMEC/VI: 4.25%, TIO: 4.02%) and 90 days (UMEC/VI: 8.40%, TIO: 8.92%). Mean (SD) number of re-admissions per 
patient were similar between cohorts, within both 30 (UMEC/VI: 0.06 [0.41], TIO: 0.07 [0.49]) and 90 days (UMEC/VI: 
0.15 [0.73], TIO: 0.18 [0.86]) (Figure 2). Similar results were shown for all-cause on-treatment inpatient re-admissions 
(Figure 3).

The proportion of patients indexed on UMEC/VI with COPD-related inpatient re-admissions was significantly lower 
than the proportion of patients indexed on TIO for hospital stays of 4–7 days (UMEC/VI: 0.50%, TIO: 0.68%, p=0.02) 
and 7–14 days (UMEC/VI: 0.82%, TIO: 1.04%, p=0.04). The proportion of patients indexed on UMEC/VI with all-cause 
inpatient re-admissions was also significantly lower than the proportion of patients indexed on TIO for hospital stays of 
4–7 days (UMEC/VI: 1.31%, TIO: 1.65%, p=0.01) (Figure 4). COPD-related on-treatment inpatient re-admissions with 
lengths of 1–3 days and 14+ days and all-cause on-treatment inpatient re-admissions with lengths of 1–3 days, 8–14 days, 

Table 1 (Continued). 

Baseline Characteristics UMEC/VI  
(n=17,742)

TIO  
(n=17,729)

p-valuea

COPD-related HCRU, n (%)
≥1 inpatient admission 5296 (29.9) 5787 (32.6) <0.0001

≥1 outpatient visit 12,213 (68.9) 11,905 (67.1) 0.0005

≥1 emergency room visit 137 (0.8) 147 (0.8) 0.5513
Other 8043 (45.4) 8249 (46.5) 0.0282

Long-term care 4434 (25.0) 5585 (31.5) <0.0001

Lab claim 5899 (33.3) 6001 (33.8) 0.2513
≥1 pharmacy visit 10,910 (61.5) 10,789 (60.9) 0.1873

All-cause HCRU, n (%)
≥1 inpatient admission 7994 (45.1) 8125 (45.8) 0.1624

≥1 outpatient visit 15,705 (88.6) 15,329 (86.5) <0.0001

≥1 emergency room visit 235 (1.3) 235 (1.3) 1.0000
Other 12,159 (68.6) 11,861 (66.9) 0.0007

Long-term care 6390 (36.0) 7490 (42.2) <0.0001

Lab claim 9705 (54.7) 9294 (52.4) <0.0001
≥1 pharmacy visit 17,729 (100.0) 17,729 (100.0) N/A

Notes: aCalculated using t-tests for age, exacerbations during baseline, CCI score, medication use, and HCRU, and Chi-squared 
tests for patient sex, year of index claim, and geographic region. bContinuous use for ≥6 months. cAvailable over the counter. 
Abbreviations: CCI, Quan Charlson Comorbidity Index; COPD, chronic obstructive pulmonary disease; HCRU, healthcare 
resource utilization; NAC, N-acetylcysteine; N/A, not applicable; SABA, short-acting β2-agonist; SAMA, short-acting muscarinic 
antagonist; SD, standard deviation; TIO, tiotropium bromide; UMEC, umeclidinium; VI, vilanterol.
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and 14+ days were not statistically significant between indexed treatments in the 30-day or 90-day re-admission 
timeframes (Figure 4).

Follow-Up
Regardless of treatment at index, the post-PSM mean (SD) numbers of both moderate (0.5 [1.4]) and severe (0.5 [1.2]) 
exacerbations at follow-up were the same. Patients indexed on UMEC/VI had significantly less phosphodiesterase-4 
inhibitor, systemic corticosteroid, and montelukast use than patients indexed on TIO at follow-up (Supplementary 
Table 1).

Post-PSM, a significantly lower proportion of patients indexed on UMEC/VI had COPD-related inpatient admissions 
and long-term care charges compared with patients indexed on TIO (inpatient admissions: 24.8% vs 26.2%, p=0.0024, 
long-term care charges: 26.5% vs 31.1%, p<0.0001); however, the opposite was true for outpatient visits (58.9% vs 
55.9%, p<0.0001). A significantly lower proportion of patients indexed on UMEC/VI had all-cause long-term care 
charges compared with patients indexed on TIO (39.9% vs 44.7%, p<0.0001), while a significantly higher proportion had 
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Figure 2 (A) Proportion of patients experiencing COPD-related re-admissions and (B) mean number of COPD-related re-admissions per patient. Proportion of patients 
were calculated as the number of patients with re-admission as a percentage of total patients with medical data (with and without initial admissions). 
Abbreviations: COPD, chronic obstructive pulmonary disease; IP, inpatient; SD, standard deviation; TIO, tiotropium bromide; UMEC, umeclidinium; VI, vilanterol.
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all-cause outpatient visits (82.4% vs 79.3%, p<0.0001), lab claims (49.6% vs 47.9%, p=0.0020), and other HCRUs 
(61.7% vs 60.6%, p=0.0364).

Discussion
This claims-based study in a US population of Medicare recipients found that overall, time-to-first on-treatment COPD- 
related inpatient admission after treatment initiation was similar between patients receiving UMEC/VI and those 
receiving TIO. Patients indexed on UMEC/VI also had similar re-admission rates and duration of re-admission episodes 
than those indexed on TIO.

The similarity between UMEC/VI and TIO when used as an initial maintenance therapy in this study supports the 
current recommendations of the GOLD strategic report and ATS guidelines regarding the use of LAMA/LABA dual 
therapy as initial maintenance therapy in many patients with COPD.10,11 Results from this study are in line with a recent 
meta-analysis which found no significant difference in hazard ratio of time-to-first moderate/severe exacerbation between 
UMEC/VI and TIO,18 and with a recent retrospective matched cohort study in the US that also found similar time-to-first 
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Figure 3 (A) Proportion of patients experiencing all-cause re-admissions and (B) mean number of all-cause re-admissions per patient. The proportion of patients were 
calculated as the number of patients with re-admission as a percentage of total patients with medical data (with and without initial admissions). 
Abbreviations: IP, inpatient; SD, standard deviation; TIO, tiotropium bromide; UMEC, umeclidinium; VI, vilanterol.
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overall, moderate, and severe exacerbations between UMEC/VI and TIO, as well as similar rates of on-treatment 
exacerbations.19 In contrast with our findings, a recent matched cohort study found significantly reduced risk of severe 
exacerbation and numerically reduced risk of overall exacerbation in patients indexed on UMEC/VI compared with those 
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indexed on TIO.20 However, the patient population in that recent study had high costs and comorbidities and did not have 
Medicaid, which may explain the disparities between the studies.

Several clinical trials have shown significant improvements in dyspnea, lung function, health outcomes, rescue 
medication use, and risk of first exacerbation in patients indexed on UMEC/VI versus those on TIO.12,14,15 These 
previous findings would lead us to expect a similar difference in time-to-first inpatient admission, re-admission rates, and 
duration of re-admission episodes between treatments, which were not present in our findings.

A recent retrospective matched cohort study found significantly reduced risk and rates of COPD-related inpatient 
admissions, as well as a numerically lower proportion of short inpatient stays (1–3 days) at both 30 and 90 days and a 22- 
day longer mean time-to-first admission, for UMEC/VI versus TIO.6 While this study was also in a US population, it was 
not focused specifically on Medicare recipients, which may have contributed to the disparity in findings. The cohorts in 
this study also had a lower baseline mean rate of exacerbations (0.49–0.5 per year) than those in our study (1.7–2.5 over 
the 12-month baseline period), which may have also impacted findings.6

Rates of all-cause hospital re-admission after 30 days also differ in comparison to previous research, with one 
previous study finding overall rates of 19.2% for patients in the US.7 However, a previous analysis of patients in 
California found similar re-admission rates to our study; 14.77% for patients under 65 years of age, and 11.80% for 
patients at least 65 years of age, although this study only covered one state and required a specific prescription for COPD 
management.16 A study specifically investigating US patients also found rates of 11.7% for both indexed on UMEC/VI 
and those indexed on TIO, a similarity in re-admission rates which are supported by our findings.6

The significantly lower proportion of COPD-related re-admissions for patients with hospital stays of 4–7 and 7–14 days 
treated with UMEC/VI compared with TIO may indicate that patients indexed on UMEC/VI may be experiencing less severe 
exacerbations or improved symptom control versus those indexed on TIO. This finding would align with previous research, 
which found patients had a numerically lower proportion of re-admissions following short inpatient stays for UMEC/VI versus 
TIO.6 This study had several strengths, including the use of APCD data, which allows for easy comparisons of healthcare costs 
and utilization between treatments, and provides detailed data on patients’ sociodemographic characteristics.21 The database 
repository is nationally representative of the US and includes patients from all geographic regions, including over 300 million 
unique patients. The APCD is also updated daily, providing near-real-time data. Use of PSM and group matching ensured that 
differences in many baseline variables were accounted for. There were also some limitations of the study design which should 
be considered. Methodological limitations may have influenced the ability of the study to detect any significant differences in 
time-to-readmission and re-admission between UMEC/VI and TIO post-PSM. Use of head-to-head comparison with claims 
data may have resulted in lack of sufficient power to detect treatment differences. This study also used PSM to ensure as close 
to an appropriate comparison of UMEC/VI and TIO cohorts as possible. The inability to further stratify by lung function or 
clinical symptoms may also have limited the detectability of any significant differences. As this study focused on Medicare 
recipients, care must be taken with generalizing findings more broadly across patients with COPD in the US. A previous 
patient analysis found a significant difference in re-admission rates in patients under 65 years of age depending on payer status, 
with private insurance having 0.67 times likelihood of re-admission relative to Medicare.16 This higher risk of re-admission 
could also have contributed to masking the treatment effect in this study. In addition, some clinical endpoints, such as 
a complete list of comorbidities and smoking history, are not available in the APCD.

Conclusion
UMEC/VI and TIO have similar performance in respect to re-admissions duration, frequency, and time-to-first inpatient 
admission following treatment initiation in patients with COPD using the Medicare system in the US. Our results support 
the recommendations of the current GOLD strategic report and ATS guidelines regarding the use of LAMA/LABA dual 
therapy as initial maintenance therapy in all patients except those with 0 or 1 moderate exacerbations and a mMRC score 
of 0–1 or a CAT score of less than 10, and all patients with dyspnea, respectively.

Abbreviations
APCD, All-Payer Claims Database; ATS, American Thoracic Society; CAT, COPD Assessment test; CCI, Quan Charlson 
Comorbidity Index; COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive 
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Lung Disease; HCRU, healthcare resource utilization; ICD-CM, International Classification of Diseases Clinical 
Modification; ICS, inhaled corticosteroid; IP, inpatient; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic 
antagonist; mMRC, modified Medical Research Council dyspnea questionnaire; NAC, N-acetylcysteine; N/A, not 
applicable; PSM, Propensity Score Matching; SABA, short-acting β2-agonist; SAMA, short-acting muscarinic antago
nist; SD, standard deviation; TIO, tiotropium bromide; UMEC, umeclidinium; US, United States; VI, vilanterol.
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