
Vol.:(0123456789)

Adv Ther (2025) 42:1061–1074 
https://doi.org/10.1007/s12325-024-03083-6

ORIGINAL RESEARCH

Medicare Advantage Population in the United States: 
Outcomes of Patients with Asthma Treated with ICS/
LABA Before and After Initiation with Fluticasone 
Furoate/Umeclidinium/Vilanterol (FF/UMEC/VI)

Alan P. Baptist · Guillaume Germain · Jacob Klimek · François Laliberté · Robert C. Schell · 

Sergio Forero‑Schwanhaeuser · Alison Moore · Stephen G. Noorduyn · Rosirene Paczkowski

Received: October 16, 2024 / Accepted: November 26, 2024 / Published online: December 23, 2024 
© The Author(s) 2024

ABSTRACT

Introduction: The clinical benefits of flu‑
ticasone furoate/umeclidinium/vilanterol  
(FF/UMEC/VI) have been demonstrated in clini‑
cal trials. There is limited evidence regarding the 
effectiveness and economic outcomes associated 
with FF/UMEC/VI use in US clinical practice. 
This real‑world study assessed asthma‑related 
exacerbations, healthcare resource utilization 
(HRU), and healthcare costs among a Medi‑
care Advantage‑insured population before and 
after initiation of FF/UMEC/VI in patients with 

asthma previously treated with an inhaled cor‑
ticosteroid/long‑acting β2‑agonist (ICS/LABA).
Methods: De‑identified data were obtained 
from the Komodo Health database (01/01/2016–
12/31/2023) for adults with asthma who 
received prior ICS/LABA treatment and had 
≥ 12 months of continuous Medicare Advantage 
coverage both pre‑ and post‑FF/UMEC/VI initia‑
tion (index date). Rates of asthma‑related exac‑
erbations and HRU were compared using rate 
ratios (RR) from Poisson regressions. Healthcare 
costs were calculated per patient per year (PPPY) 
and compared using mean cost differences from 
generalized linear models.
Results: In total, 2598 Medicare Advantage‑
insured patients who initiated FF/UMEC/VI for 
asthma were included. The mean ± SD age was 
67.9 ± 12.3 years; 75.5% were female. The rate of 
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overall asthma‑related exacerbations was 31% 
lower in the post‑ versus pre‑initiation period (RR 
0.69; 95% CI 0.65, 0.73; p < 0.001) and included 
a 24% lower rate of inpatient/emergency depart‑
ment (IP/ED)‑defined exacerbations (RR 0.76; 
95% CI 0.68, 0.85; p < 0.001) and a 34% lower rate 
of systemic corticosteroid (SCS)‑defined exacer‑
bations (RR 0.66; 95% CI 0.61, 0.71; p < 0.001). 
Asthma‑related ED visits (RR 0.69; 95% CI 0.60, 
0.80; p < 0.001) and asthma‑related outpatient 
(OP) visits (RR 0.77; 95% CI 0.71, 0.84; p < 0.001) 
were both lower, and the mean reduction in cost 
was $411 PPPY (95% CI $575, $248; p < 0.001), 
after FF/UMEC/VI initiation.
Conclusions: Initiation of FF/UMEC/VI after 
ICS/LABA treatment among Medicare Advan‑
tage‑insured patients with asthma was associ‑
ated with reduced rates of asthma‑related exacer‑
bations, ED and OP visits, and healthcare costs, 
highlighting the benefits of therapy escalation 
among this patient population.

Keywords: Medicare advantage; FF/UMEC/VI;  
Real‑world evidence; Single‑inhaler triple 
therapy

Key Summary Points 

Why carry out the study?

Although the benefit of FF/UMEC/VI use has 
been demonstrated in clinical trials, its effec‑
tiveness in a Medicare Advantage‑insured 
population previously on an ICS/LABA medi‑
cation has not been evaluated.

This real‑world study assessed asthma‑related 
exacerbations, healthcare resource utilization, 
and healthcare costs before and after  
FF/UMEC/VI initiation.

What was learned from the study?

Patients experienced a decline in asthma‑
related exacerbations, ED visits, OP visits, and 
healthcare costs after FF/UMEC/VI initiation 
relative to the pre‑initiation period.

Escalating from ICS/LABA to FF/UMEC/VI  
was associated with a reduced burden of 
asthma in this cohort of Medicare Advantage 
patients.

INTRODUCTION

An estimated 20.2  million adults live with 
asthma in the USA [1]. Of all patients with 
asthma in the USA, approximately 80% are 
adults, and asthma control tends to be poorest 
among those aged ≥ 65 years [1, 2]. The preva‑
lence of asthma has been estimated to be 5% 
within Medicare patients, a population that is 
older than the broader US asthma population as 
eligibility is largely age‑based (i.e., ≥ 65 years) [3].

Patients with asthma are frequently treated 
with inhaled corticosteroid/long‑acting β2‑
agonist (ICS/LABA) maintenance therapy, par‑
ticularly if asthma symptoms or exacerbations 
are uncontrolled using ICS therapy alone [4]. 
Current guidelines by both the Global Ini‑
tiative for Asthma (GINA; Track 1 and 2, step 
5) and the National Heart, Lung, and Blood 
Institute (NHLBI) recommend the inclusion 
of long‑acting muscarinic antagonist (LAMA) 
add‑on therapy if asthma remains uncon‑
trolled despite ICS/LABA treatment, as occurs 
in up to approximately 50% of patients [4–7]. 
Among patients with uncontrolled asthma, 
the addition of a LAMA to ICS/LABA therapy 
improves lung function and reduces exacerba‑
tions [8]. When prescribed as a multiple‑inhaler 
triple therapy (MITT) formulation, adherence 
rates are low, with only approximately 20% of 
patients remaining on ICS/LAMA/LABA ther‑
apy 6 months after initiation [9, 10]. The recent 
development of single‑inhaler triple therapy 
(SITT) allows for the administration of ICS/
LAMA/LABA in one inhaler once daily, offering 
a less cumbersome treatment option for patients 
with uncontrolled asthma [11].

The SITT fluticasone furoate/umeclidinium/
vilanterol (FF/UMEC/VI) received US Food and 
Drug Administration (FDA) approval for the 
treatment of asthma in September 2020 based on 
results of the pivotal CAPTAIN study, whereby 
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patients with asthma demonstrated improved 
lung function when treated with FF/UMEC/VI 
triple therapy versus FF/VI dual therapy, includ‑
ing greater asthma control and numerical reduc‑
tions in asthma‑related exacerbations [12, 13].

Although the benefits of FF/UMEC/VI have 
been demonstrated in clinical trials, real‑world 
data on clinical effectiveness and economic out‑
comes associated with FF/UMEC/VI treatment 
are sparse. Understanding the real‑world clini‑
cal and economic impact of FF/UMEC/VI ini‑
tiation in adults with asthma can provide valu‑
able insights into optimized treatment strategies 
that benefit both patients and the healthcare 
system. Therefore, this study aimed to evalu‑
ate asthma‑related exacerbations, healthcare 
resource utilization (HRU), healthcare costs, and 
oral corticosteroid (OCS) and short‑acting beta‑
agonist (SABA) use before and after FF/UMEC/VI 
initiation among Medicare Advantage‑insured 
patients with asthma previously treated with 
ICS/LABA in US clinical practice.

METHODS

Data Source

Data from January 1, 2016 to December 31, 
2023, were obtained from the Komodo Health 
database, composed of de‑identified health‑
care encounters (i.e., any interaction between 
a patient and provider) for more than 330 mil‑
lion individual patients. The database includes 
over 65 billion clinical, pharmacy, and labora‑
tory encounters from 2016 to present, captured 
through a wide range of partnerships with 
more than 500 payers across the USA, and dis‑
plays census‑level representation across patient 
populations (e.g., age, geography, risk pools), 
including hospital networks, physician net‑
works, healthcare claims processing companies, 
pharmacies, and health insurers. The study was 
considered exempt research under 45 CFR § 
46.104(d)(4) as it involved only the secondary 
use of data that were de‑identified in compli‑
ance with the Health Insurance Portability and 
Accountability Act (HIPAA): specifically, 45 CFR 
§ 164.514.

Study Design

This study used a retrospective longitudinal 
pre–post design, with the index date defined as 
the first pharmacy claim for FF/UMEC/VI (Fig. S1). 
The patient identification period spanned from 
September 9, 2020 (i.e., date of US FDA approval 
of FF/UMEC/VI for asthma) to December 31, 
2022, allowing for a 12‑month follow‑up period 
for all patients. The pre‑initiation baseline period 
comprised either the 12  months before and 
including the index date or the date of the first 
asthma diagnosis to the index date, whichever 
occurred latest. The post‑initiation follow‑up 
period included the day after the index date to 
the earliest of 12 months post‑index, the end of 
patient eligibility, the end of data availability, 
death, or the initiation of a biologic therapy for 
asthma.

Study Population

Adult patients were eligible for study inclu‑
sion if they had ≥ 1 pharmacy claim for SITT 
FF/UMEC/VI during the patient identification 
period (i.e., September 9, 2020 to December 31, 
2022). Additionally, patients were required to 
have ≥ 12 months of continuous insurance cov‑
erage both pre‑ and post‑index, ≥ 30 consecu‑
tive days’ supply of ICS/LABA within the pre‑
initiation period (National Drug Codes [NDC] 
listed in Table S1), and ≥ 2 medical claims with 
a diagnosis code for asthma on separate dates 
during the pre‑initiation period.

Patients were excluded if they had ≥ 1 phar‑
macy claim for a SITT (i.e., FF/UMEC/VI or 
budesonide/glycopyrrolate/formoterol [BGF]) 
before the index date or were not enrolled in 
Medicare Advantage. Patients were also ineligi‑
ble if, during the pre‑initiation period, they had 
≥ 1 pharmacy claim for a MITT (defined as ≥ 30 
consecutive days of overlap in the supply of ICS, 
LABA, LAMA), ≥ 1 medical claim with a diagnosis 
code for cystic fibrosis, interstitial lung disease, 
alpha‑1 antitrypsin deficiency, or lung cancer, 
≥ 2 medical claims with a diagnosis code for 
chronic obstructive pulmonary disease (COPD) 
on separate dates, ≥ 1 medical or pharmacy 
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claim for biologic asthma therapy, whether used 
to treat asthma or any other indication (i.e., 
mepolizumab, omalizumab, reslizumab, ben‑
ralizumab, dupilumab, or tezepelumab), or ≥ 1 
medical claim for eosinophilic granulomatosis 
with polyangiitis (EGPA).

Study Outcomes

Baseline demographic and clinical character‑
istics were evaluated during the pre‑initiation 
period, with demographic characteristics includ‑
ing age, sex, geographic region, race, ethnicity, 
and index year and quarter, and clinical char‑
acteristics including prescribing physician spe‑
cialty, respiratory medication use during the 
baseline period, Quan‑Charlson Comorbidity 
Index (Quan‑CCI), asthma‑related comorbidi‑
ties, and Elixhauser comorbidities.

The primary study objective was to evaluate 
the rates of overall asthma‑related exacerbations, 
including inpatient/emergency department (IP/
ED) and systemic corticosteroid (SCS)‑defined 
exacerbations, during the pre‑ versus post‑ini‑
tiation periods. Asthma‑related IP/ED‑defined 
exacerbations incorporated (1) asthma‑related 
IP visits that resulted in an IP visit within 1 day, 
(2) asthma‑related urgent care‑defined exacerba‑
tions (i.e., asthma‑related ED visits that resulted 
in an IP visit within 1 day), and (3) asthma‑
related ED visits. Asthma‑related SCS‑defined 
exacerbations were asthma‑related ED visits or 
asthma‑related outpatient (OP) visits with an 
SCS (i.e., parenteral or OCS) claim within 5 days 
pre‑ or post‑visit.

Secondary study objectives aimed to eval‑
uate the rates of asthma‑related HRU and 
asthma‑related healthcare costs, defined as 
any claim with a primary diagnosis of asthma 
(ICD‑10‑CM: J45.x), as well as rates of OCS and 
SABA use within the pre‑ versus post‑initiation 
periods. Both HRU and healthcare costs were 
stratified by IP, ED, and OP visits, with overall 
healthcare costs additionally reported.

Statistical Analyses

Continuous variables were evaluated using 
means, standard deviations (SDs), medians, 
and interquartile ranges (IQRs), and categorical 
variables were evaluated using relative frequen‑
cies and proportions.

Rates of asthma‑related exacerbations and 
HRU, as well as OCS and SABA use, were calcu‑
lated as the number of events divided by the 
patient‑years of observation (i.e., per patient 
year [PPY]), with rates between the pre‑ and 
post‑initiation periods compared using rate 
ratios (RRs) from Poisson regressions with 
accompanying 95% confidence intervals (CI) 
and p  values using robust standard errors 
(SEs). All regression models accounted for the 
correlation of observations within the same 
patient using generalized estimating equations 
(GEEs). The proportion of patients with ≥ 1 
asthma‑related exacerbation and the duration 
of asthma‑related exacerbations were reported 
and compared between the pre‑ and post‑initi‑
ation periods using odds ratios (ORs) or mean 
differences, respectively, 95% CIs, and p val‑
ues obtained from logistic and linear regression 
models using robust SEs.

Healthcare costs were calculated as the costs 
incurred per patient per year (PPPY) with all 
costs inflation‑adjusted to 2024 US dollars 
(USD) based on the medical care component 
of the Consumer Price Index. Healthcare costs 
were compared between the pre‑ and post‑
initiation periods using mean cost differences 
obtained from generalized linear models with 
a normal distribution and log‑link function, 
with accompanying 95% CIs and p values using 
robust SEs. For all healthcare costs, regression 
models accounted for the correlation of obser‑
vations within the same patient using GEEs. 
All statistical analyses were conducted using 
SAS Enterprise Guide Software version 7.15  
(SAS Institute, Cary, NC).
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RESULTS

Baseline Characteristics

A total of 2598 patients were identified as having 
initiated FF/UMEC/VI for asthma treatment and 
met the study selection criteria (Fig. 1). Patients 
had a mean ± SD age of 67.9 ± 12.3 years, and 
75.5% of patients were female (Table 1). Patients 
were more often from the Northeast geographic 
region (44.1%) and non‑Hispanic White (47.0%) 
compared with other geographic regions and 
ethnicities.

Frequent prescribing physicians were primary 
care physicians (44.2%), pulmonologists (31.8%), 
and allergists (11.1%). The most common main‑
tenance controller medication used was leukot‑
riene modifiers (60.0%), with rescue medications 
including SABA (83.3%), SCS (71.9%), SABA/
short‑acting muscarinic antagonist (SABA/SAMA; 
11.5%), and SAMA (3.4%).

Patients had a mean ± SD Quan‑CCI of 
2.3 ± 1.7, with prevalent asthma‑related comor‑
bidities including gastroesophageal reflux dis‑
ease (47.0%), allergic rhinitis (44.8%), depressive 
disorders (29.3%), anxiety disorders (28.3%), 
and obstructive sleep apnea (25.8%) (Table 2). 
Frequent Elixhauser comorbidities included 
hypertension (76.6%), obesity (44.4%), diabetes 
(40.0%), and cardiac arrhythmias (23.7%).

Asthma‑Related Exacerbations

The median observation period both pre‑ and 
post‑initiation was 365  days (Table  S2). In 
total, 53.1% of patients had ≥ 1 overall exac‑
erbation during the pre‑initiation period, 
compared with 39.1% of patients during the 
post‑initiation period (OR 0.57; 95% CI 0.51, 
0.62; p < 0.001; Fig.  2). During the pre‑ini‑
tiation period, 19.7% of patients had ≥ 1 IP/
ED‑defined exacerbation, including 3.8% of 
patients with ≥ 1 urgent care‑defined exacerba‑
tion, compared with 15.7% (OR 0.76; 95% CI 
0.67, 0.85; p < 0.001) and 2.1% (OR 0.54; 
95% CI 0.40, 0.74; p < 0.001) of patients during 
the post‑initiation period, respectively. The 

proportion of patients with ≥ 1 SCS‑defined 
exacerbation during the pre‑initiation period 
was 43.1%, versus 29.9% of patients during 
the post‑initiation period (OR 0.56; 95% CI 
0.51, 0.6; p < 0.001).

Patients experienced a 31% lower rate of 
overall exacerbations reduction during the 
post‑initiation period than in the pre‑ini‑
tiation period (RR 0.69; 95% CI 0.65, 0.73; 
p < 0.001). This included a 24% lower rate of 
IP/ED‑defined exacerbations (RR 0.76; 95% CI 
0.68, 0.85; p < 0.001) and a 34% lower rate of 
SCS‑defined exacerbations (RR 0.66; 95% CI 
0.61, 0.71; p < 0.001) after FF/UMEC/VI initia‑
tion. The rate of urgent care‑defined exacerba‑
tions was also significantly lower in the post‑ 
versus pre‑initiation period (RR 0.52; 95% CI 
0.37, 0.72; p < 0.001).

There was no significant difference in the 
mean ± SD duration of asthma exacerbations 
between the pre‑ (1.59 ± 3.76 days) and post‑
initiation (1.82 ± 5.90 days) periods (mean dif‑
ference 0.23; 95% CI − 0.22, 0.68; p = 0.309).

Asthma‑Related HRU

The rate of asthma‑related hospitalizations did 
not differ between the pre‑ and post‑initiation 
periods (RR 1.11; 95% CI 0.89, 1.37; p = 0.358; 
Fig. 3).

The rates of asthma‑related ED visits and 
asthma‑related OP visits were 31% lower  
(RR 0.69; 95% CI 0.60, 0.80; p < 0.001) and 23% 
lower (RR 0.77; 95% CI 0.71, 0.84; p < 0.001), 
respectively, during the post‑ versus pre‑ini‑
tiation period. Patients also had a 48% lower 
rate of asthma‑related urgent care visits after  
FF/UMEC/VI initiation (RR 0.52; 95% CI 0.37, 
0.74; p < 0.001).

Asthma‑Related Healthcare Costs

During the pre‑initiation period, asthma‑related 
healthcare costs were $1556 PPPY, comprising 
$1035 PPPY for asthma‑related OP visits, $328 
PPPY for asthma‑related hospitalizations, and 
$193 PPPY for ED visits (Fig.  4). During the 
post‑initiation period, asthma‑related healthcare 
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costs were $1144 PPPY, comprising $794 PPPY 
for asthma‑related OP visits, $234 PPPY for 
asthma‑related hospitalizations, and $116 PPPY 
for asthma‑related ED visits. Overall, there was 
a mean reduction in cost of $411 PPPY between 
the pre‑ and post‑initiation periods (95% CI 
$575, $248; p < 0.001).

OCS and SABA Use

The rates of OCS dispensing and SABA canisters 
were significantly lower during the post‑ versus 
pre‑initiation period. Patients had a 13% lower 
rate of OCS dispensing (RR 0.87; 95% CI 0.83, 
0.91) and an 8% lower rate of SABA canister  
(RR 0.92; 95% CI 0.88, 0.95) during the post‑
initiation relative to the pre‑initiation period.

DISCUSSION

This real‑world study evaluated asthma‑related 
exacerbations, OCS and SABA use, HRU, and 
healthcare costs before and after FF/UMEC/VI 
initiation among Medicare Advantage‑insured 
patients with asthma who previously received 
treatment with ICS/LABA. Within this study 
population, initiation of FF/UMEC/VI was asso‑
ciated with a significant reduction in the rate 
of asthma‑related overall exacerbations. This 
comprised significant reductions in the rates of 
IP/ED‑defined exacerbations, including urgent 
care‑defined exacerbations, and SCS‑defined 
exacerbations after FF/UMEC/VI initiation. Fur‑
ther, the rates of asthma‑related ED visits and 
asthma‑related OP visits, as well as asthma‑
related medical costs, were significantly lower 
during the post‑ versus pre‑initiation period.

The improved rates of asthma‑related exacer‑
bations after FF/UMEC/VI treatment initiation 
among patients enrolled in Medicare Advan‑
tage observed in the present study are in line 
with the findings of previous research among 
a broader patient population. In a claims‑based 
study by Bogart et al., real‑world asthma‑related 
exacerbations before and after FF/UMEC/VI ini‑
tiation were evaluated among a primarily com‑
mercially insured population aged < 65 years 
[14]. Therefore, patients were younger and had 
a lower comorbidity burden than those included 
in the present analysis. Importantly, patients 
with asthma evaluated in the Bogart et al. study 
were early adopters of FF/UMEC/VI, as the study 
observed only the off‑label use of FF/UMEC/VI 
100/62.5/25 µg after FDA approval in patients 
with COPD. Patients therefore may not have 
been representative of those who initiated either 
FF/UMEC/VI 100/62.5/25 µg or 200/62.5/25 µg 
after marketing authorization. Additionally, 
asthma medication use during the pre‑treatment 
period was not comprehensively evaluated, and 
therefore, the initiation of FF/UMEC/VI treat‑
ment did not necessarily represent therapy esca‑
lation from ICS/LABA to FF/UMEC/VI. Thus, 
the current study extends previous results and 
more accurately reflects the real‑world benefits 
of therapy escalation as recommended by GINA 
guidelines within a Medicare Advantage popula‑
tion [4].

The healthcare benefits noted in this study 
can be instigated by any one (or any combina‑
tion) of the changes that occur when a patient 
changes therapy (addition of a LAMA, change 
in ICS dose, change in device, or change in drug 
formulation). Although the current study was 
not designed to quantify the individual effects 
of these changes, the double‑blind, phase  3 
CAPTAIN trial was designed to do this. In this 
study, patients with inadequately controlled 
asthma despite ICS/LABA use were randomized 
to one of six treatment groups, FF/VI 100/25 µg 
or 200/25 µg, or FF/UMEC/VI 100/31.25/25 µg, 
100/62.5/25  µg, 200/31.25/25  µg, or 
200/62.5/25 µg [13]. Over the variable 24‑ to 
52‑week treatment period, there was a nonsignif‑
icant 13% reduction in the mean annualized rate 
of moderate and/or severe asthma‑related exacer‑
bations among the pooled FF/UMEC 62.5 µg/VI  

Fig. 1  Patient disposition. EGPA eosinophilic granulo-
matosis with polyangiitis, FF/UMEC/VI fluticasone furo-
ate/umeclidinium/vilanterol, ICS inhaled corticosteroid, 
LABA long-acting β2-agonist, MITT multiple-inhaler 
triple therapy, SITT single-inhaler triple therapy. aSee 
Table S1 for a complete list of ICS/LABA codes used

◂
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Table 1  Baseline demographic and clinical characteristics

Characteristics Overall
N = 2598

Pre-initiation observation period, 
days, mean ± SD [median]

349.8 ± 58.5 [365]

Demographicsa

 Age, years, mean ± SD [median] 67.9 ± 12.3 [70]

 Female, n (%) 1961 (75.5)

 Region, n (%)

Northeast 1146 (44.1)

South 743 (28.6)

Midwest 358 (13.8)

West 309 (11.9)

Otherb 42 (1.6)

 Race and ethnicity, n (%)c

Non-Hispanic White 1221 (47.0)

Hispanic or Latino 677 (26.1)

Black or African American 448 (17.2)

Asian or Pacific Islander 130 (5.0)

Other 36 (1.4)

Unknown 86 (3.3)

Year and quarter of index date,d n (%)

2020

Q3, 2020 32 (1.2)

Q4, 2020 236 (9.1)

 2021

Q1, 2021 316 (12.2)

Q2, 2021 360 (13.9)

Q3, 2021 280 (10.8)

Q4, 2021 364 (14.0)

 2022

Q1, 2022 398 (15.3)

Q2, 2022 413 (15.9)

Q3, 2022 142 (5.5)

FF/UMEC/VI fluticasone furoate/umeclidinium/
vilanterol, ICS inhaled corticosteroid, LABA long-acting 
β2-agonist, SABA short-acting β2-agonist, SAMA short-
acting muscarinic antagonist, SCS systemic corticosteroid, 
SD standard deviation
a Evaluated on the index date
b Other category for region includes Puerto Rico and US 
Virgin Islands
c Race and ethnicity were reported together in Komodo
d The index date was defined as the date of first dispensing 
of FF/UMEC/VI between September 9, 2020 and Decem-
ber 31, 2022

Table 1  continued

Characteristics Overall
N = 2598

Q4, 2022 57 (2.2)

Physician specialtye

 Primary care 1148 (44.2)

 Respiratory specialist 1114 (42.9)

Pulmonologist 826 (31.8)

Allergist 288 (11.1)

 Other 332 (12.8)

 Unknown 7 (0.3)

Respiratory medication,f n (%)

 ICS/LABA

Budesonide/formoterol 859 (33.1)

Fluticasone/vilanterol 841 (32.4)

Fluticasone/salmeterol 823 (31.7)

Mometasone/formoterol 75 (2.9)

 Other maintenance controller medications

Leukotriene modifiers 1560 (60.0)

Methylxanthines 23 (0.9)

Mast cell stabilizers 2 (0.1)

 Rescue medications

SABA 2163 (83.3)

SCS 1867 (71.9)

SABA/SAMA 298 (11.5)
SAMA 88 (3.4)
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treatment group relative to FF/VI (p = 0.15). Sta‑
tistically significant increases in forced expira‑
tory volume in 1 s  (FEV1) values at 24 weeks 
relative to baseline, a measure of improved lung 
function and the primary study endpoint, were 
observed among patients treated with either  
FF/UMEC/VI 100/62.5/25 µg or 200/62.5/25 µg 
versus FF/VI 100/25  µg (least squares mean 
change 110 mL; 95% CI 66, 153; p < 0.0001) or 
FF/VI 200/25 µg (least squares mean change 
92 mL; 95% CI 49, 135; p < 0.0001), respectively. 
Additionally, a meta‑analysis of 20 randomized 
control trials assessed clinical outcomes with 
ICS/LABA/LAMA triple therapy versus ICS/LABA 
dual therapy among patients with moderate to 
severe asthma [15]. Treatment with ICS/LABA/
LAMA was associated with a 15% lower rate of 
severe asthma‑related exacerbations compared 
with treatment with ICS/LABA dual therapy 
(incidence RR 0.85; 95% CI 0.78, 0.92). In line 
with that study, Yamasaki et al. found that com‑
pared with ICS/LABA, triple therapy resulted in 
an 18% reduction in the risk of severe asthma 
exacerbations (RR 0.82; 95% CI 0.67, 1.00) and 
a 24% reduction in the annualized RR (annual‑
ized RR 0.76; 95% CI 0.62, 0.92) [16]. Finally, 
an umbrella review provided evidence that 
ICS/LAMA/LABA triple therapy may reduce the 
risk of asthma exacerbations [17]. Thus, the 
reduced rates of asthma‑related exacerbations 

Table 2  Baseline comorbidities

Quan-CCI Quan-Charlson Comorbidity Index, SD stand-
ard deviation
a Evaluated during the 12-month baseline period, including 
the index date
b Quan et  al. (2005). Coding algorithms for defining 
comorbidities in ICD-9-CM and ICD-10 administrative 
data. Medical Care, 43(11): 1130–39
c Elixhauser A, Steiner C, Kruzikas. D. HCUP Comorbidity 
Software. Healthcare Cost and Utilization Project (HCUP). 
October 2015. Agency for Healthcare Research and Quality, 
Rockville, MD. Available from: https:// www. hcup- us. ahrq. 
gov/ tools softw are/ comor bidity/ comor bidity. jsp# downl oad

Comorbiditiesa Overall
N = 2598

Quan-CCI,b mean ± SD [median] 2.3 ± 1.7 [2]

Select asthma-related comorbidities, n (%)

 Gastroesophageal reflux disease 1222 (47.0)

 Allergic rhinitis 1163 (44.8)

 Depressive disorders 760 (29.3)

 Anxiety disorders 735 (28.3)

 Obstructive sleep apnea 670 (25.8)

Elixhauser comorbidities,c n (%)

 Hypertension 1991 (76.6)

Hypertension, uncomplicated 1449 (55.8)

Hypertension, complicated 542 (20.9)

 Obesity 1153 (44.4)

 Diabetes 1038 (40.0)

Diabetes, complicated 706 (27.2)

Diabetes, uncomplicated 332 (12.8)

 Cardiac arrhythmias 616 (23.7)

 Peripheral vascular disease 549 (21.1)

 Renal failure 418 (16.1)

 Congestive heart failure 348 (13.4)

 Rheumatoid arthritis/collagen vascular 
disease

338 (13.0)

 Deficiency anemias 334 (12.9)
 Valvular disease 326 (12.5)

e Physician specialty was evaluated on the index date; if 
physician specialty information was missing on the index 
date, the claim closest to the index date was used to identify 
physician specialty. Primary care physician included family 
practice, general medicine practice, nurse practitioner, inter-
nal medicine, pediatrician, and geriatrician. Respiratory spe-
cialist included pulmonologist, pediatric pulmonology phy-
sician, and allergist. Respiratory specialist was prioritized 
among patients with both primary care and respiratory 
specialist (i.e., respiratory specialist and primary care are 
mutually exclusive).  Patients with claims with information 
on provider type, but not elsewhere classified (i.e., not in 
respiratory specialist nor primary care physician) were clas-
sified as other. Common other provider specialties include 
pharmacy and clinical medical laboratory
f Evaluated during the 12-month baseline period, including 
the index date

Table 1  continued

https://www.hcup-us.ahrq.gov/toolssoftware/comorbidity/comorbidity.jsp#download
https://www.hcup-us.ahrq.gov/toolssoftware/comorbidity/comorbidity.jsp#download
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observed in the present real‑world study are 
in line with class‑level meta‑analyses of triple 
therapy and are indicative of improved asthma 
control with FF/UMEC/VI versus ICS/LABA in 
US clinical practice. As the present study did 
not control for formulation differences between  
FF/UMEC/VI and previous ICS/LABA treatment, 
variations in dosing regimens and strengths dur‑
ing treatment escalation to SITT may account for 
part of this improvement [13].

Although previous work has demonstrated 
that uncontrolled asthma is associated with 
worse economic outcomes that are projected 
to grow [18, 19], no previous study has evalu‑
ated real‑world asthma‑related HRU or health‑
care costs among patients with asthma treated 
with FF/UMEC/VI in the USA. Findings from 
the current analysis provide novel evidence 
that initiation of FF/UMEC/VI is associated 
with reduced rates of asthma‑related ED vis‑
its and asthma‑related OP visits, as well as 
lower asthma‑related medical costs, in Medi‑
care Advantage‑insured patients with asthma 
previously treated with ICS/LABA. In addition, 
more than 90% of the patients in this study 

escalated therapy from fluticasone propionate/
salmeterol (FP/SAL), FF/VI, or budesonide/for‑
moterol (BUD/FOR) dual therapies. According 
to SRR Health, the median annual cost of these 
therapies ranges from $1200 less expensive to 
$700 more expensive than FF/UMEC/VI [20]. 
These differences in treatment cost should be 
considered in the context of the healthcare sav‑
ings due to asthma events noted in this study.

In addition, the overuse of SABA and OCS 
has been linked to an increased risk of hospi‑
talization and death [21]. This study is the first 
to present real‑world evidence showing that, 
after initiating FF/UMEC/VI, Medicare Advan‑
tage patients with asthma experience a reduc‑
tion in SABA and OCS use. These findings fur‑
ther underscore the potential clinical benefits 
of FF/UMEC/VI, alongside its positive impact 
on HRU and healthcare costs.

This study included only patients insured 
with Medicare Advantage, a population that 
is older than the general US population given 
the largely age‑based requirements for enroll‑
ment (i.e., age ≥ 65 years) [22]. There are several 
unique factors to consider in the management 

Fig. 2  Rates of asthma-related exacerbations pre- and 
post-FF/UMEC/VI initiation. CI confidence interval, ED 
emergency department, FF/UMEC/VI fluticasone furo-
ate/umeclidinium/vilanterol, GEE generalized estimating 
equations, IP inpatient, SCS systemic corticosteroid. aRate 
ratios and 95% CIs estimated from GEE Poisson regression 
models with robust standard errors to account for the cor-
relation of observations within the same patient were used 

to compare rates of asthma-related exacerbations between 
the pre-initiation and post-initiation periods. bOverall 
asthma-related exacerbations include both SCS-defined 
exacerbation and IP/ED-defined exacerbation. Two or 
more exacerbations within 14 days of each other were con-
sidered as one exacerbation and classified according to the 
highest severity. *Statistically significant
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of asthma in older adults; for instance, the 
presence of comorbid conditions and the risk 
of polypharmacy may impact the safety profile 
and efficacy of asthma medications, and the 
prescription of multiple inhaler therapies may 
reduce medication adherence [23]. The dem‑
onstration of significant effect sizes among 
Medicare Advantage‑insured patients in the 
present study therefore supports the benefits of 
FF/UMEC/VI for asthma‑related exacerbations 
within older populations.

Limitations

This study was subject to several limitations 
associated with the use of retrospective claims 
data. As administrative claims are collected for 
payment versus research purposes, data are vul‑
nerable to coding inaccuracies and misclassifica‑
tion bias. Missing data are possible, as is a lack 
of information on specific clinical and patient 
characteristics that may have influenced study 
outcomes. Lung function measures and patient‑
reported outcomes were not available in the 
Komodo database and as such were not reported. 
The presence of a pharmacy claim within the 
database did not ensure that the medication 
was consumed by the patient or taken as pre‑
scribed. As this is not a randomized controlled 

Fig. 3  Rates of asthma-related HRU pre- and post- 
FF/UMEC/VI initiation. CI confidence interval, ED 
emergency department, FF/UMEC/VI fluticasone furo-
ate/umeclidinium/vilanterol, GEE generalized estimat-
ing equations, HRU healthcare resource utilization, ICD-
10-CM International Classification of Diseases, Tenth 
Revision, Clinical Modifications, OP outpatient. aRate 
ratios and 95%  CIs estimated from GEE Poisson regres-

sion models with robust standard errors to account for 
the correlation of observations within the same patient 
were used to compare rates of asthma-related exacerba-
tions between the pre-initiation and post-initiation peri-
ods. bAsthma-related HRU was defined as any claims 
with a primary diagnosis of asthma (ICD-10-CM: J45.x). 
 *Statistically significant

Fig. 4  Asthma-related healthcare costs pre- and post-
FF/UMEC/VI  initiationa. CI confidence interval, ED 
emergency department, FF/UMEC/VI fluticasone furo-
ate/umeclidinium/vilanterol, GEE generalized estimat-
ing equation, ICD-10-CM International Classification 
of Diseases, Tenth Revision, Clinical Modifications, OP 
outpatient. aAsthma-related costs were defined as any 
claims with a primary diagnosis of asthma (ICD-10-CM: 
J45.x). bCosts are inflated to $USD 2024 using the US 
Medical Care consumer price index from the Bureau of 
Labor Statistics from the US Department of Labor. cCost 
differences, 95%  CIs, and p  values were estimated from 
GEE generalized linear models with a normal distribution 
and identity link function with robust standard errors to 
account for the correlation of observations within the same 
patient
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trial, a control group of patients who did not 
change inhaler therapy could not be included. 
Although the pre–post design allowed patients 
to act as their own controls, it did not account 
for changes in prescribing practices or other 
factors over time that may have influenced 
study outcomes. As the present analysis only 
included Medicare Advantage‑insured patients 
with asthma from the Komodo Health database, 
results may not be generalizable to the entire 
population of Medicare patients with asthma. 
Finally, a portion of the study period over‑
lapped with the COVID‑19 pandemic, which 
may have impacted clinical outcomes, HRU, and 
healthcare costs associated with FF/UMEC/VI  
initiation.

CONCLUSIONS

In this retrospective cohort study using 
real‑world data from the USA, initiation of  
FF/UMEC/VI among Medicare Advantage‑
insured patients with asthma who previously 
used ICS/LABA was associated with reduced 
rates of asthma‑related exacerbations, OCS and 
SABA use, HRU, and healthcare costs. These 
findings highlight the benefits of FF/UMEC/VI 
therapy escalation in reducing disease burden 
among Medicare recipients with asthma.

Medical Writing/Editorial Assistance. Edi‑
torial and project management support (in the 
form of writing assistance, including preparation 
of the draft manuscript under the direction and 
guidance of the authors, collating and incorpo‑
rating authors’ comments for each draft, gram‑
matical editing, and referencing) was provided 
by Molly Gingrich from Analysis Group, and 
Victoria Boon from GSK. Emmeline Igboekwe 
contributed to the initial development of this 
study. Editorial support in the form of collat‑
ing author comments, grammatical editing and 
referencing was provided by Guillermina Casa‑
bona, PhD, of Fishawack Indicia Ltd, UK, part of 
Fishawack Health, and was funded by GSK. All 

in accordance with Good Publication Practice 
(GPP) guidelines (www. ismpp. org/ gpp‑ 2022).

Author Contributions. The authors meet 
criteria for authorship as recommended by the 
International Committee of Medical Journal Edi‑
tors, take responsibility for the integrity of the 
work as a whole, contributed to the writing and 
reviewing of the manuscript, and have given 
final approval for the version to be published. 
Alan P. Baptist contributed to the study concept 
or design, and data interpretation/analysis. Guil‑
laume Germain, Jacob Klimek, François Lalib‑
erté, and Robert C. Schell contributed to the 
study concept or design, data acquisition, data 
analysis, and data interpretation. Sergio Forero‑
Schwanhaeuser and Alison Moore contributed 
to the data interpretation. Stephen G. Noorduyn 
contributed to the study concept or design and 
the data interpretation. Rosirene Paczkowski 
contributed to the study concept or design, data 
acquisition, and data analysis/interpretation.

Funding. This study was funded by GSK 
(study 221613). GSK funded the journal’s Rapid 
Service and Open Access fees. The study sponsor 
was involved in several aspects of the research, 
including the study design, interpretation of 
data, and writing of the manuscript‑style report.

Data Availability. The data reported in this 
publication are contained in a database owned 
by Komodo Health and contain proprietary 
elements. Therefore, it cannot be broadly dis‑
closed or made publicly available at this time. 
The disclosure of this data to third‑party clients 
assumes certain data security and privacy proto‑
cols are in place and that the third‑party client 
has executed Komodo Health’s standard license 
agreement, which includes restrictive covenants 
governing the use of the data.

Declarations 

Conflict of Interest. Alan P. Baptist reports 
grant support from GSK, AstraZeneca, and Teva. 
Guillaume Germain, Jacob Klimek, François 

http://www.ismpp.org/gpp-2022


1073Adv Ther (2025) 42:1061–1074 

Laliberté, and Robert C. Schell are employees 
of Analysis Group, a consulting company that 
has received research funds from GSK to con‑
duct this study. Sergio Forero‑Schwanhaeuser, 
Alison Moore, Stephen G. Noorduyn, and Rosi‑
rene Paczkowski are employees of GSK and hold 
financial equities in GSK. Stephen G. Noorduyn 
is also a PhD candidate at McMaster University.

Ethical Approval. The study was considered 
exempt research under 45 CFR § 46.104(d)(4) 
as it involved only the secondary use of data 
that were de‑identified in compliance with the 
Health Insurance Portability and Accountability 
Act (HIPAA): specifically, 45 CFR § 164.514.

Open Access. This article is licensed under a 
Creative Commons Attribution‑NonCommercial 
4.0 International License, which permits any 
non‑commercial use, sharing, adaptation, distri‑
bution and reproduction in any medium or for‑
mat, as long as you give appropriate credit to the 
original author(s) and the source, provide a link 
to the Creative Commons licence, and indicate 
if changes were made. The images or other third 
party material in this article are included in the 
article’s Creative Commons licence, unless indi‑
cated otherwise in a credit line to the material. If 
material is not included in the article’s Creative 
Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permis‑
sion directly from the copyright holder. To view 
a copy of this licence, visit http://creativecom‑
mons.org/licenses/by‑nc/4.0/.

REFERENCES

 1. Centers for Disease Control and Prevention. Most 
recent national asthma data. 2021. https:// www. 
cdc. gov/ asthma/ most_ recent_ natio nal_ asthma_ 
data. htm. Accessed 18 Sept 2024.

 2. Talreja N, Baptist AP. Effect of age on asthma con‑
trol: results from the National Asthma Survey. Ann 
Allergy Asthma Immunol. 2011;106:24–9.

 3. Centers for Medicare & Medicaid Services Office of 
Minority Health. Asthma disparities in Medicare 

fee‑for‑service beneficiaries. September 2020. 
https:// www. cms. gov/ files/ docum ent/ datas napsh 
ot‑ asthma‑ sept2 020. pdf. Accessed 3 Sept 2024.

 4. Global Initiative for Asthma (GINA). Global strat‑
egy for asthma management and prevention report 
2024. May 22, 2024. https:// ginas thma. org/ wp‑ conte 
nt/ uploa ds/ 2024/ 05/ GINA‑ 2024‑ Strat egy‑ Report‑ 24_ 
05_ 22_ WMS. pdf. Accessed 30 Aug 2024.

 5. Zhang S, White J, Hunter AG, et al. Suboptimally 
controlled asthma in patients treated with inhaled 
ICS/LABA: prevalence, risk factors, and outcomes. NPJ 
Prim Care Respir Med. 2023;33:19.

 6. Davis J, Trudo F, Siddall J, Small M. Burden of asthma 
among patients adherent to ICS/LABA: a real‑world 
study. J Asthma. 2019;56:332–40.

 7. National Heart Lung and Blood Institute. 2020 
Focused Updates to the Asthma Management 
Guidelines. December 2020. https:// www. nhlbi. nih. 
gov/ resou rces/ 2020‑ focus ed‑ updat es‑ asthma‑ manag 
ement‑ guide lines Accessed 18 Sept 2024.

 8. Virchow JC, Kuna P, Paggiaro P, et al. Single inhaler 
extrafine triple therapy in uncontrolled asthma (TRI‑
MARAN and TRIGGER): two double‑blind, parallel‑
group, randomised, controlled phase 3 trials. Lancet. 
2019;394:1737–49.

 9. Numbere B, Liu Y, Zhang S, Czira A, Lu Y. Charac‑
teristics, treatment patterns and burden of illness 
in US patients with asthma newly initiating mul‑
tiple‑inhaler triple therapy. BMJ Open Respir Res. 
2024;11:e001702.

 10. Oppenheimer J, Bogart M, Bengtson LGS, et  al. 
Treatment patterns and disease burden associated 
with multiple‑inhaler triple‑therapy use in asthma. 
J Allergy Clin Immunol Pract. 2022;10:485‑94.e5.

 11. Agusti A, Fabbri L, Lahousse L, Singh D, Papi A. 
Single inhaler triple therapy (SITT) in asthma: sys‑
tematic review and practice implications. Allergy. 
2022;77:1105–13.

 12. GSK. New asthma indication for Trelegy Ellipta intro‑
duces an important option for patients to the cur‑
rent treatment paradigm. September 9, 2020. https:// 
www. gsk. com/ en‑ gb/ media/ press‑ relea ses/ fda‑ appro 
ves‑ trele gy‑ ellip ta‑ as‑ the‑ first‑ once‑ daily‑ single‑ inhal 
er‑ triple‑ thera py‑ for‑ the‑ treat ment‑ of‑ both‑ asthma‑ 
and‑ copd‑ in‑ the‑ us/. Accessed 30 Aug 2024.

 13. Lee LA, Bailes Z, Barnes N, et al. Efficacy and safety of 
once‑daily single‑inhaler triple therapy (FF/UMEC/VI) 
versus FF/VI in patients with inadequately controlled 
asthma (CAPTAIN): a double‑blind, randomised, 
phase 3A trial. Lancet Respir Med. 2021;9:69–84.

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.cdc.gov/asthma/most_recent_national_asthma_data.htm
https://www.cdc.gov/asthma/most_recent_national_asthma_data.htm
https://www.cdc.gov/asthma/most_recent_national_asthma_data.htm
https://www.cms.gov/files/document/datasnapshot-asthma-sept2020.pdf
https://www.cms.gov/files/document/datasnapshot-asthma-sept2020.pdf
https://ginasthma.org/wp-content/uploads/2024/05/GINA-2024-Strategy-Report-24_05_22_WMS.pdf
https://ginasthma.org/wp-content/uploads/2024/05/GINA-2024-Strategy-Report-24_05_22_WMS.pdf
https://ginasthma.org/wp-content/uploads/2024/05/GINA-2024-Strategy-Report-24_05_22_WMS.pdf
https://www.nhlbi.nih.gov/resources/2020-focused-updates-asthma-management-guidelines
https://www.nhlbi.nih.gov/resources/2020-focused-updates-asthma-management-guidelines
https://www.nhlbi.nih.gov/resources/2020-focused-updates-asthma-management-guidelines
https://www.gsk.com/en-gb/media/press-releases/fda-approves-trelegy-ellipta-as-the-first-once-daily-single-inhaler-triple-therapy-for-the-treatment-of-both-asthma-and-copd-in-the-us/
https://www.gsk.com/en-gb/media/press-releases/fda-approves-trelegy-ellipta-as-the-first-once-daily-single-inhaler-triple-therapy-for-the-treatment-of-both-asthma-and-copd-in-the-us/
https://www.gsk.com/en-gb/media/press-releases/fda-approves-trelegy-ellipta-as-the-first-once-daily-single-inhaler-triple-therapy-for-the-treatment-of-both-asthma-and-copd-in-the-us/
https://www.gsk.com/en-gb/media/press-releases/fda-approves-trelegy-ellipta-as-the-first-once-daily-single-inhaler-triple-therapy-for-the-treatment-of-both-asthma-and-copd-in-the-us/
https://www.gsk.com/en-gb/media/press-releases/fda-approves-trelegy-ellipta-as-the-first-once-daily-single-inhaler-triple-therapy-for-the-treatment-of-both-asthma-and-copd-in-the-us/


1074 Adv Ther (2025) 42:1061–1074

 14. Bogart M, Germain G, Laliberté F, et al. Real‑world 
study of single‑inhaler triple therapy with fluticasone 
furoate/umeclidinium/vilanterol on asthma control 
in the US. J Asthma Allergy. 2023;16:1309–22.

 15. Kim LHY, Saleh C, Whalen‑Browne A, O’Byrne PM, 
Chu DK. Triple vs dual inhaler therapy and asthma 
outcomes in moderate to severe asthma: a systematic 
review and meta‑analysis. JAMA. 2021;325:2466–79.

 16. Yamasaki A, Tomita K, Inui G, Okazaki R, Harada T. 
Differences in the effectiveness of single, dual, and 
triple inhaled corticosteroid therapy for reducing 
future risk of severe asthma exacerbation: a system‑
atic review and network meta‑analysis. Heliyon. 
2024;10:e31186.

 17. Laitano R, Calzetta L, Matino M, Pistocchini E, 
Rogliani P. Asthma management with triple ICS/
LABA/LAMA combination to reduce the risk of 
exacerbation: an umbrella review compliant with 
the PRIOR statement. Expert Opin Pharmacother. 
2024;25:1071–81.

 18. Sullivan PW, Slejko JF, Ghushchyan VH, et al. The 
relationship between asthma, asthma control and 
economic outcomes in the United States. J Asthma. 
2014;51:769–78.

 19. Sullivan PW, Ghushchyan VH, Campbell JD, Globe 
G, Bender B, Magid DJ. Measuring the cost of 
poor asthma control and exacerbations. J Asthma. 
2017;54:24–31.

 20. SSR Health. 2024. https:// www. ssrhe alth. com/. 
Accessed Nov 2024.

 21. Sá‑Sousa A, Almeida R, Vicente R, et al. High oral 
corticosteroid exposure and overuse of short‑acting 
beta‑2‑agonists were associated with insufficient pre‑
scribing of controller medication: a nationwide elec‑
tronic prescribing and dispensing database analysis. 
Clin Transl Allergy. 2019;9:1–10.

 22. Tarazi W, Welch P, Nguyen N, et al. Medicare benefi‑
ciary enrollment trends and demographic character‑
istics. Office of the Assistant Secretary for Planning 
and Evaluation (ASPE). March 2, 2022. https:// aspe. 
hhs. gov/ sites/ defau lt/ files/ docum ents/ b9ac2 6a13b 
4fdf3 0c16c 24e79 df0c9 9c/ medic are‑ benefi ciary‑ enrol 
lment‑ ib. pdf. Accessed 30 Aug 2024.

 23. Yawn BP, Han MK. Practical considerations for the 
diagnosis and management of asthma in older adults. 
Mayo Clin Proc. 2017;92:1697–705.

https://www.ssrhealth.com/
https://aspe.hhs.gov/sites/default/files/documents/b9ac26a13b4fdf30c16c24e79df0c99c/medicare-beneficiary-enrollment-ib.pdf
https://aspe.hhs.gov/sites/default/files/documents/b9ac26a13b4fdf30c16c24e79df0c99c/medicare-beneficiary-enrollment-ib.pdf
https://aspe.hhs.gov/sites/default/files/documents/b9ac26a13b4fdf30c16c24e79df0c99c/medicare-beneficiary-enrollment-ib.pdf
https://aspe.hhs.gov/sites/default/files/documents/b9ac26a13b4fdf30c16c24e79df0c99c/medicare-beneficiary-enrollment-ib.pdf

	Medicare Advantage Population in the United States: Outcomes of Patients with Asthma Treated with ICSLABA Before and After Initiation with Fluticasone FuroateUmeclidiniumVilanterol (FFUMECVI)
	Abstract
	Introduction: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Data Source
	Study Design
	Study Population
	Study Outcomes
	Statistical Analyses

	Results
	Baseline Characteristics
	Asthma-Related Exacerbations
	Asthma-Related HRU
	Asthma-Related Healthcare Costs
	OCS and SABA Use

	Discussion
	Limitations

	Conclusions
	References




