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Background: Long-acting muscarinic antagonist/long-acting β2-agonist (LAMA/LABA) pro-
vide greater improvements in lung function and symptoms than inhaled corticosteroid (ICS)/ 
LABA in patients with chronic obstructive pulmonary disease (COPD). This study evaluated 
symptom burden and Global Initiative for Obstructive Lung Disease (GOLD) categorization 
among patients who recently initiated umeclidinium/vilanterol (UMEC/VI; LAMA/LABA) or 
fluticasone propionate/salmeterol (FP/SAL; ICS/LABA) single-inhaler dual therapy.
Methods: COPD-diagnosed Medicare Advantage enrollees aged ≥65 years were identified from 
the Optum Research Database (ORD). Eligible patients had ≥1 pharmacy claim for UMEC/VI or 
FP/SAL in the 6-month period before sample identification, with no evidence of triple therapy 
(ICS/LAMA/LABA), asthma, or lung cancer. Symptom burden was assessed via cross-sectional 
surveys using the COPD Assessment Test (CAT) and modified Medical Research Council 
(mMRC) dyspnea scale. Patients were classified into GOLD categories using patient-reported 
symptoms and claims-based exacerbation history. Treatment groups were balanced on potential 
confounders using inverse probability of treatment weighting (IPTW). CAT and mMRC scores 
were analyzed with generalized linear regression models using IPTW propensity scores.
Results: The final analytic sample included 789 respondents (UMEC/VI: N=392; FP/SAL: 
N=397). Approximately 66% patients were classified as GOLD B when assessing symptoms 
with CAT and mMRC together, or CAT alone; more patients were classified as GOLD 
A (~40%) than GOLD B (~36%) using mMRC alone. Proportions of patients in each 
GOLD group were similar between treatment cohorts. Post-IPTW multivariable modeling 
showed similar symptom burden between treatment groups.
Conclusion: After controlling for baseline characteristics, symptom burden was similar 
between patients receiving UMEC/VI or FP/SAL. GOLD classification using mMRC pro-
duced more conservative results compared with CAT, potentially underestimating patient 
symptoms. Many patients receiving FP/SAL were classified as GOLD A or B, despite GOLD 
recommending non-ICS-containing therapy in these patients. These findings support the need 
for routine assessment of symptoms in patients with COPD.
Keywords: COPD, fluticasone propionate/salmeterol, umeclidinium/vilanterol, CAT, 
mMRC, GOLD group

Plain Language Summary
Long-term treatment for patients with chronic obstructive pulmonary disease (COPD) 
includes steroids, to reduce inflammation in the airways, and non-steroid bronchodilators, 
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to make breathing easier. We compared COPD symptoms 
between patients receiving a steroid-containing medication called 
fluticasone propionate/salmeterol (FP/SAL) and a non-steroid 
dual bronchodilator medication called umeclidinium/vilanterol 
(UMEC/VI).

We used a large US healthcare claims database to identify 
patients with COPD who started treatment with UMEC/VI or FP/ 
SAL in the past 6 months, and asked them to complete a survey 
describing their treatment and symptoms. The survey included 
two different questionnaires; the modified Medical Research 
Council (mMRC) dyspnea scale that measures patients’ breath-
lessness, and the more comprehensive COPD Assessment Test 
(CAT) that assesses a range of symptoms. After controlling for 
other differences in health and background, patients had similar 
levels of self-reported symptoms regardless of which medication 
they were prescribed. Based on their symptoms and recent his-
tory of disease flare-ups, we separated patients into categories 
that physicians use to decide which treatment patients should 
receive. We found that mMRC may underestimate patients’ 
symptoms compared with CAT, and that over three-quarters of 
patients receiving FP/SAL could have been treated with non- 
steroid bronchodilator medications instead.

This study shows that patients with COPD who are pre-
scribed UMEC/VI and FP/SAL appear to have similar levels of 
symptoms; many patients on either medication had symptoms or 
flare-ups that were not controlled by their current treatment. 
Physicians should regularly assess patients’ symptoms, prefer-
ably using a comprehensive questionnaire like CAT, to ensure 
that they are treated appropriately.

Introduction
The Global Initiative for Chronic Obstructive Lung 
Disease (GOLD) strategy report includes a simple assess-
ment tool for health-care providers (HCP) to determine the 
appropriate therapy for patients with chronic obstructive 
pulmonary disease (COPD). The assessment tool cate-
gorizes patients into four mutually exclusive groups 
(A, B, C, or D) based on their symptom burden and risk 
of future exacerbations.1 A comprehensive measure such 
as the COPD Assessment Test (CAT) is recommended for 
the assessment of symptoms, rather than solely assessing 
breathlessness using the modified Medical Research 
Council (mMRC) dyspnea scale. However, the mMRC 
dyspnea scale is still included in the GOLD assessment 
tool, as it is recognized that this measure is widely used to 
assess symptom burden.1 Patients with a CAT score ≥10 
and/or mMRC grade ≥2 are considered to have 
a considerable symptom burden (GOLD B and D), while 
patients with CAT <10 and mMRC ≤1 are considered to 
have less severe symptoms (GOLD A and C).1

Long-acting muscarinic antagonist/long-acting β2- 
agonist (LAMA/LABA) combination therapy is recom-
mended as initial maintenance therapy in symptomatic 
patients at low risk for future exacerbations (GOLD B) who 
have severe breathlessness, or in symptomatic patients with 
high exacerbation risk (GOLD D) who have particularly 
severe symptoms (CAT score ≥20).1 Inhaled corticosteroid 
(ICS)/LABA combinations are recommended as initial main-
tenance therapy to reduce exacerbations in patients at high 
risk of exacerbation who have elevated blood eosinophil 
counts and/or a history of asthma.1 In support of these 
recommendations, head-to-head clinical trials have demon-
strated that LAMA/LABA combination therapy is associated 
with significantly greater improvements in lung function and 
symptoms than ICS/LABA therapy,2–7 without the elevated 
risk of pneumonia associated with ICS-containing mainte-
nance treatments.2–5,8–11 However, ICS/LABA treatment is 
frequently prescribed as initial maintenance therapy in US 
patients across all GOLD categories.12 This suggests that the 
GOLD recommendations are not being consistently imple-
mented in clinical practice, which may impact treatment 
outcomes and medication adherence.13,14

Better odds of adherence, as measured by proportion of 
days covered, and a lower risk of escalation to multiple- 
inhaler triple therapy have been demonstrated among 
patients initiating treatment with the once-daily LAMA/ 
LABA umeclidinium/vilanterol (UMEC/VI) compared with 
the twice-daily ICS/LABA fluticasone propionate/salmeterol 
(FP/SAL).15 Further studies are required to determine 
whether these differences are associated with a disparity in 
patient-reported burden of illness between patients initiating 
therapy with FP/SAL and those initiating UMEC/VI. The 
present study evaluated symptom severity and GOLD clas-
sification among patients who recently initiated UMEC/VI 
or FP/SAL to better understand their symptom burden.

Methods
Study Design
This was a claims-linked cross-sectional survey of patients 
diagnosed with and treated for COPD. Patients were identi-
fied using retrospective claims data from the Optum 
Research Database (ORD) for the 12-month baseline period 
prior to the completion of the study survey instruments. 
Sample identification used enrollment records and medical 
and pharmacy claims between June 1, 2017 and 
September 30, 2018 (Figure 1); four waves of sample 
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identification and data collection were conducted to obtain 
the target sample size.

Survey data collection was conducted using the Dillman 
Tailored Design Method.16 Eligible patients were contacted 
by mail and invited to participate in the survey, with a total 
data collection period of 8 weeks per wave. Respondents 
were mailed a $25 post-paid incentive for their study parti-
cipation. Survey data were merged with administrative 
claims data for the 12-month baseline period following the 
data collection lag period (approximately 6 months for med-
ical claims data and 6 weeks for pharmacy claims data).

The study was designed and conducted in accordance with 
the ethical standards of the institutional and/or national 
research committee and the principles of the 1964 
Declaration of Helsinki and its later amendments. The study 
was approved by the New England Institutional Review Board 
(NEIRB; IRB# 120180129) on May 30, 2018. All patients 
who were contacted by mail were provided with a statement of 
informed consent with the survey packet, which included 
consent for the patients’ claims data to be accessed.

Patients
The identified sample included Medicare Advantage enrol-
lees ≥65 years of age with continuous enrollment through-
out the 12-month baseline period. Eligible patients had 
recently initiated UMEC/VI or FP/SAL, with ≥1 pharmacy 
claim for fixed-dose combination therapy with either 
UMEC/VI or FP/SAL in the 6 months prior to sample 
identification (and no claims for these treatments in the 
first 6 months of the baseline period). Patients were also 
required to have a diagnosis of COPD, as indicated by ≥2 
International Classification of Diseases 10th Edition 
Clinical Modification (ICD-10-CM) COPD diagnosis 
codes ≥30 days apart, within the 12-month baseline period. 
Patients with evidence of COPD triple therapy (ICS/ 

LAMA/LABA, including combined monotherapy formula-
tions and fixed-dose combinations), ICD-10-CM codes for 
asthma during the baseline period, or missing demographic 
data (age, sex, or geographic region) were excluded.

After the survey was completed and the claims lag had 
elapsed, claims data for the baseline period were re- 
extracted and patient eligibility for inclusion in the final 
analytic sample was assessed. Exclusion criteria based on 
claims data were medical claims for asthma in the baseline 
period, claims for diagnosis or treatment of lung cancer in 
the baseline period, or pharmacy claims for triple therapy. 
From the survey, patients were also required to have a self- 
reported HCP diagnosis of COPD, self-reported treatment 
with UMEC/VI or FP/SAL that corresponded to claims- 
identified treatment at the time of sample identification, 
and evaluable responses to the CAT and mMRC.

Outcomes
For the primary objective, patient-reported symptom bur-
den was assessed using CAT and mMRC scores (collected 
via the cross-sectional survey). CAT is an 8-item validated 
questionnaire that assesses the impact of COPD symptoms 
on patients’ well-being and daily life.17 Individual CAT 
items measure salient symptoms of COPD, including 
cough, chest tightness, breathlessness, and activity limita-
tion. Each item is measured on a scale of 0–5, with higher 
scores indicating worse symptom burden, and these scores 
are summed to produce a total score ranging from 0 (least 
symptom burden) to 40 (greatest symptom burden). The 
mMRC, a single-item measure assessing patients’ current 
level of dyspnea, is comprised of five statements of respira-
tory disability, graded from none (grade 0) to almost com-
plete incapacity (grade 4).18 Both CAT and mMRC have 
been shown to correspond well with the St. George’s 

Figure 1 Study design. aFour waves of data collection were required to achieve the target sample size. The dates of the baseline period were: June 1, 2017 to May 31, 2018 
(Wave 1); July 1, 2017 to June 30, 2018 (Wave 2); August 1, 2017 to July 31, 2018 (Wave 3); and October 1, 2017 to September 30, 2018 (Wave 4). Due to the claims lag, 
fully adjudicated medical and pharmacy claims data for each wave were available approximately 6 months after the end of the baseline period.
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Respiratory Questionnaire, a comprehensive tool for asses-
sing COPD-related health status impairments.18,19

For the secondary objective, patient-reported symp-
toms and claims-based evidence of exacerbations during 
the 12-month baseline period were used to categorize 
patients according to the GOLD assessment tool.1 

Patients were classified into four mutually exclusive cate-
gories (GOLD A, B, C, or D) based on the assessment of 
symptoms using either CAT score or mMRC score, or both 
measures in combination, to determine the effect of each 
measure.

The following clinical and treatment characteristics were 
extracted from claims data for the baseline period: baseline 
Quan-Charlson comorbidity score, baseline Agency for 
Healthcare Research and Quality (AHRQ) comorbidities, 
baseline COPD-related comorbidities, baseline medications, 
and baseline medication dispensings. The following clinical 
and treatment characteristics were collected via the cross- 
sectional survey: diagnosis, general health, COPD duration, 
COPD treatment, height, weight, body mass index, and smok-
ing behavior (smoking status, cigarettes smoked per day, 
pack-years, age started and stopped smoking, total years 
smoked). Age, sex, and geographic region were extracted 
from claims data, while other demographic and sociodemo-
graphic characteristics were collected via the survey.

Statistical Analysis
The final analysis population included all respondents with 
complete, evaluable survey data who met all study inclu-
sion and exclusion criteria. Statistical analyses were per-
formed using SAS software (SAS Institute Inc., Cary, NC, 
USA; version 9.4) on a Unix platform.

Inverse probability of treatment weighting (IPTW) was 
applied to reduce confounding of observed clinical, demo-
graphic, and sociodemographic characteristics. Weights 
were based on propensity scores, defined as each indivi-
dual’s probability of receiving a specific treatment for 
a given pattern of confounders. A logistic regression 
model was implemented, with the treatment cohort as the 
dependent or response variable conditioned on a set of 
predetermined covariates. A combination of patient- 
reported and claims-based variables were included in the 
IPTW model. Each patient was assigned a propensity 
score weight, and the expected value of an outcome of 
interest in the corresponding multivariable model was 
weighted by a function of the inverse propensity score 
and the sample size of the cohort to adjust for potential 
treatment selection bias. The estimated probability from 

this model was used to weight the data from the FP/SAL 
cohort such that it better resembled the UMEC/VI cohort. 
The quality of the propensity score determination was 
descriptively assessed. Where outliers were identified, the 
study team determined whether these patients should be 
retained in the model based on whether their clinical and 
analytic characteristics would unduly impact the subse-
quent multivariable analysis. Standardized differences 
determined from the weighted and unweighted descriptive 
analysis of the covariates included in the IPTW analysis 
were compared.

For the primary objective, CAT total score and mMRC 
score were analyzed as continuous variables using general-
ized linear regression models. If CAT scores for 1–2 items 
were missing, the total score was imputed as the within- 
subject average of the non-missing item scores; if >2 items 
were missing, the patient was excluded from the final 
analytic sample. Surveys with missing mMRC scores 
were considered incomplete and not included in the final 
analytic sample. For each model, regression diagnostics 
were performed to assess goodness of fit and violations of 
the model assumptions such as multicollinearity or hetero-
skedasticity. The fitted and observed data were also exam-
ined to uncover outliers, their effect on the analysis, and 
possible misspecification of the initial equation. Predictors 
included in the multivariable models were treatment 
cohort, sex, age category, race, ethnicity, urban/suburban/ 
rural residence, marital status, education level, body mass 
index, smoking history in pack-years, COPD duration, 
baseline Quan–Charlson comorbidity score, count of all- 
cause ambulatory visits, count of all-cause emergency 
room visits, count of COPD-related fixed-dose combina-
tion therapy fills, and count of COPD exacerbations. Post- 
IPTW matched covariates were used.

For the secondary objective, the proportion of patients 
meeting the criteria for each GOLD category based on pre- 
IPTW symptom burden (CAT, mMRC, or both) and 
exacerbation history is presented for the complete popula-
tion and by treatment cohort.

Results
Study Population
Of 3335 patients who met claims-based sample identifica-
tion criteria and were invited to participate in the study, 
891 respondents met all eligibility criteria and were 
included in the survey sample (UMEC/VI: N=441; FP/ 
SAL: N=450; Figure 2). The overall response rate based 
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Figure 2 Study attrition. Percentages may not sum to 100% due to rounding. aCOPD ICD-10 diagnosis codes were J40, J410, J411, J418, J42, J430, J431, J432, J438, J439, 
J440, J441, and J449; btriple therapy is defined as claims for ICS/LABA/LAMA, including combined monotherapy formulations and fixed-dose combinations. Patients with no 
evidence of triple therapy within 30 days were included; casthma ICD-10 diagnosis codes were J4520, J4521, J4522, J4530, J4531, J4532, J4540, J4541, J4542, J4550, J4551, 
J4552, J45901, J45902, J45909, J45990, J45991, and J45998; dfor waves in which a larger sampling frame was available than was needed to meet the current target, random 
sampling was implemented to derive the survey sampling frame. For Waves 2–4, patients were excluded if they had been invited to participate in the survey in a previous 
wave; efollowing a 6-month claims lag, patients were removed from the analysis if they had evidence of asthma, lung cancer (diagnosis or treatment) or if they had evidence of 
triple therapy during the 12-month baseline period. Continuous enrollment in the health plan was also re-assessed, and patients with <12 months of continuous enrollment 
in the baseline period were excluded. Patients that self-reported a medication that was different from the claims-based medication cohort were also excluded from the 
analysis (n=29). 
Abbreviations: COPD, chronic obstructive pulmonary disease; ICD-10, International Classification of Diseases, 10th Edition; ICS, inhaled corticosteroids; FP/SAL, 
fluticasone propionate/salmeterol; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist; MA, Medicare Advantage; UMEC/VI, umeclidinium/vilanterol.
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on the American Association for Public Opinion Research 
(AAPOR) Response Rate 4 formula was 39.2%, calculated 
as the number of returned surveys divided by the total 
number eligible (comprising returned surveys, eligible 
non-surveys, and estimated eligible).20

The final analytic sample included 789 respondents 
(UMEC/VI: N=392; FP/SAL: N=397). Patient demo-
graphics and clinical characteristics are described in Table 
1. Before IPTW, certain variables included in the model were 
not balanced between treatment groups (indicated by abso-
lute standardized differences >10%), such as: race, smoking 
pack-years, time since COPD diagnosis, COPD-related 
emergency room visits, and COPD-related ambulatory visits 
(Table 1). Following IPTW, all covariates were balanced 
between treatment cohorts (absolute standardized differences 

≤10%) and there were no significant between-treatment dif-
ferences in post-weighting covariates.

All results extracted from claims data, including all 
healthcare utilization variables, represent the baseline per-
iod. During this period, 44.1% of patients had ≥1 moder-
ate/severe exacerbation (UMEC/VI: 41.8%; FP/SAL: 
46.4%). All patients had ≥1 all-cause ambulatory visit, 
almost all had ≥1 office visit (98.4%), and nearly half 
had an emergency room visit (47.5%). Approximately one- 
third of patients had ≥1 all-cause hospitalization (overall: 
30.2%; UMEC/VI: 28.8%; FP/SAL: 31.5%), with a mean 
(standard deviation [SD]) stay of 12 (15) days and 
a median stay of 6 days among those with at least one 
admission. More patients receiving FP/SAL had a COPD- 
related emergency room visit than those receiving UMEC/ 

Table 1 Patient Demographics by Treatment Cohort

Baseline Characteristics Pre-IPTW Post-IPTW

UMEC/VI 
N=392

FP/SAL 
N=397

ASDa (%) UMEC/VI 
N=392

FP/SAL 
N=397

ASDa (%)

Age category, years, n (%)

65–69 58 (14.8) 64 (16.1) −3.7 61 (15.6) 60 (15.0) 1.6
70–74 132 (33.7) 130 (32.8) 2.0 123 (31.3) 132 (33.2) −4.0

75–79 108 (27.6) 108 (27.2) 0.8 111 (28.4) 111 (27.9) 1.2

80+ 94 (24.0) 95 (23.9) 0.1 97 (24.7) 95 (23.9) 1.8

Female, n (%) 201 (51.3) 222 (55.9) −9.3 209 (53.3) 214 (54.0) −1.4

Whiteb, n (%) 355 (90.6) 343 (86.4) 13.1 350 (89.3) 354 (89.2) 0.4

Residenceb, n (%)
Urban/city 117 (29.9) 121 (30.5) −1.4 115 (29.4) 119 (30.0) −1.4

Suburban 156 (39.8) 141 (35.5) 8.8 154 (39.4) 153 (38.5) 1.7

Rural 119 (30.4) 135 (34.0) −7.8 123 (31.3) 125 (31.5) −0.4
Smoking pack-yearsb, mean (SD) 47.1 (30.6) 42.7 (33.0) 13.8 45.1 (28.9) 45.7 (34.7) −1.9

Time since COPD diagnosisb, n (%)
<1 year 69 (17.6) 41 (10.3) 21.1 55 (14.1) 58 (14.6) −1.5

1–5 years 170 (43.4) 152 (38.3) 10.4 158 (40.4) 159 (40.1) 0.7

6–10 years 83 (21.2) 106 (26.7) −13.0 92 (23.5) 96 (24.3) −1.9
11–19 years 49 (12.5) 58 (14.6) −6.2 55 (14.1) 53 (13.4) 2.1

≥20 years 21 (5.4) 40 (10.1) −17.8 31 (8.0) 31 (7.7) 1.0

COPD-related emergency room visits, mean (SD) 0.2 (0.6) 0.2 (0.5) −10.2 0.2 (0.8) 0.2 (0.5) 5.4

COPD-related ambulatory visits, mean (SD) 3.2 (2.9) 2.4 (3.0) 28.1 2.8 (2.8) 2.8 (3.3) 2.1

Baseline COPD exacerbations, mean (SD) 0.7 (1.1) 0.8 (1.0) −5.2 0.8 (1.2) 0.7 (1.0) 5.1

Notes: aASD for UMEC/VI vs FP/SAL; bimputation of missing values for ordinal categorical and continuous variables was implemented using the mean value of non-missing 
values. Imputed values for ordinal categorical variables were rounded to nearest whole number. Patients with missing values for Race were categorized as “White”. Patients 
with missing values for Residence were categorized as “Suburban”. To calculate smoking pack-years, patients were asked to self-report smoking status, and the number of 
cigarettes smoked per day was multiplied by the total number of years smoked, then divided by 20; never smokers were assigned a value of zero. Two patients had missing 
smoking status, and were also assigned a pack years value of zero. To determine time since COPD diagnosis, patients were asked to self-report the length of time since 
a healthcare provider had told them they had COPD; one patient with a missing value was categorized as “6–10 years”. 
Abbreviations: ASD, absolute standardized difference; COPD, chronic obstructive pulmonary disease; FP/SAL, fluticasone propionate/salmeterol; IPTW, inverse probability 
of treatment weighting; SD, standard deviation; UMEC/VI, umeclidinium/vilanterol.
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VI (16.4% vs 10.7%; P=0.022), while more patients in the 
UMEC/VI cohort had an outpatient visit (39.0% vs 29.0%; 
P=0.003). On average, patients receiving FP/SAL had 
claims for 14.5 unique medications, which was signifi-
cantly higher than the corresponding average of 13.4 
unique medications for patients receiving UMEC/VI 
(P=0.013).

Patient-Reported Symptom Burden
Symptom Burden
Overall, mean (SD) CAT score was 18.9 (7.8); 692/789 
(87.7%) patients had a CAT score ≥10, and 365/789 
(46.3%) had a score ≥20. Before IPTW, mean (SD) 
patient-reported CAT score was significantly higher in 
the FP/SAL cohort compared with the UMEC/VI cohort 
(19.7 [8.3] vs 18.1 [7.2]; P=0.006; Figure 3). Significantly 
more patients receiving FP/SAL had CAT scores ≥20 than 
those receiving UMEC/VI (50.6% vs 41.8%; P=0.015). 
Multivariable modeling using the propensity scores from 
the IPTW analysis showed comparable CAT scores in the 
UMEC/VI and FP/SAL cohorts (mean difference [95% 
CI]: −0.3 [−1.4, 0.9]; P=0.662).

Dyspnea
Overall, mean (SD) mMRC grade was 1.7 (1.0). High 
levels of dyspnea, indicated by mMRC grades of 2–4, 
were reported by 400/789 (50.7%) patients. Mean (SD) 
mMRC grades before IPTW were not significantly differ-
ent between the UMEC/VI and FP/SAL cohorts (1.6 [1.0] 

vs 1.7 [1.0]; P=0.602). Multivariable modeling based on 
the IPTW propensity scores revealed comparable mMRC 
grades in the UMEC/VI and FP/SAL cohorts (mean dif-
ference [95% CI]: 0.1 [−0.1, 0.2]; P=0.385).

GOLD Categorization
The mMRC score, CAT score, and exacerbation history were 
used to categorize patients as described in the GOLD strat-
egy report.1 The majority of patients (66–67%) in both 
treatment groups were classified as GOLD B (high symptom 
burden and low exacerbation risk), and approximately 10% 
were classified as GOLD A (low symptom burden and low 
exacerbation risk) (Figure 4). Approximately one-fifth of 
patients (22–23%) had severe symptoms and a high risk of 
exacerbations, and were classified as GOLD D. A similar 
pattern was observed when only CAT score and exacerbation 
history were used, with approximately two-thirds of patients 
classified as GOLD B, approximately 10% categorized as 
GOLD A, and 22% classified as GOLD D (Figure 5). In 
contrast, when only mMRC score and exacerbation history 
were used, approximately 40% of patients were categorized 
as GOLD A, with fewer patients meeting the criteria for 
GOLD B (36%) or GOLD D (~15%) (Figure 5). Whether 
symptoms were assessed using mMRC, CAT, or both mea-
sures, the proportions of patients meeting the criteria for 
each GOLD category were similar between the UMEC/VI 
and FP/SAL cohorts (Figure 4; Supplementary Table 1).

Discussion
In this study, patients receiving single-inhaler combination 
therapy with either UMEC/VI or FP/SAL reported 
a substantial burden of illness. Before IPTW, symptom bur-
den as determined by CAT score (but not mMRC score) was 
significantly less severe in patients receiving UMEC/VI than 
in patients receiving FP/SAL. However, after controlling for 
potential confounders using IPTW, symptom burden as deter-
mined by both CAT and mMRC scores was similar between 
patients receiving UMEC/VI and those receiving FP/SAL.

When categorizing patients into GOLD groups, assess-
ment of symptoms using mMRC resulted in more patients 
being classified as GOLD A (40.3%) than assessment of 
symptoms using CAT (10.8%). In addition, fewer were 
classified as GOLD B or D (high symptom burden) with 
mMRC than with CAT. This suggests that symptom 
assessment using mMRC produces more conservative 
results than CAT, particularly with regard to classifying 
patients as GOLD A (low symptom burden and low 
exacerbation risk). This finding is consistent with 

Figure 3 Mean CAT scores among patients receiving UMEC/VI or FP/SAL before 
IPTW. 
Abbreviations: CAT, COPD Assessment Test; COPD, chronic obstructive pul-
monary disease; FP/SAL, fluticasone propionate/salmeterol; IPTW, inverse probabil-
ity of treatment weighting; SD, standard deviation; UMEC/VI, umeclidinium/ 
vilanterol.
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a previous claims-linked survey study, in which 54.5% 
versus 14.5% of patients with COPD were classified as 
having low symptom severity (mMRC 0–1 vs CAT <10) 
whereas 45.5% versus 85.5% were classified as having 
high symptom severity (mMRC 2–4 vs CAT ≥10).21 In 
the same study, 40.9% of patients reported both a CAT 
score ≥10, indicating high symptom severity, and an 
mMRC grade of 0–1, indicating low symptom severity, 
further demonstrating the misalignment between the two 
measures. Another cross-sectional observational study also 
found that mMRC classified more patients as having low 
symptom severity (GOLD A and C; 57.2%) than CAT 
(17.2%). These findings reflect the more comprehensive 
assessment provided by measures such as CAT, which 
characterizes the impact of a range of patients’ symptoms 
beyond breathlessness. CAT may identify patients who 
have less severe dyspnea (mMRC grade of 0–1) but never-
theless have other COPD symptoms that impact their over-
all health.18 Our findings, therefore, strengthen the 
available evidence and support the GOLD recommenda-
tion that a comprehensive assessment of symptoms (such 
as CAT) should be used when identifying initial treatment 
options, rather than measuring dyspnea alone.1 This com-
prehensive approach is vital to accurately assess patients’ 

symptoms and prevent undertreatment,21,22 which can lead 
to poorer outcomes for patients.14

Notably, three-quarters of patients receiving FP/SAL in 
this study did not have evidence of one or more recent 
exacerbations, and consequently were categorized as 
GOLD A or B. Under the current GOLD strategy, ICS/ 
LABA should only be considered as initial therapy in 
highly symptomatic patients at high risk of future exacer-
bations (GOLD D) or as follow-up treatment for patients 
with persistent exacerbations on bronchodilator 
monotherapy.1 Furthermore, ICS/LABA is generally only 
preferred over LAMA/LABA in patients who have ele-
vated blood eosinophil counts and/or a history of asthma,1 

due to the increased risk of pneumonia associated with 
ICS treatment.2–5,8–11 Our finding supports previous evi-
dence that ICS-containing medications are frequently pre-
scribed for patients across all GOLD groups,12,23 despite 
the recommendations described above. In addition, 
a considerable proportion of patients included in the pre-
sent study were classified as GOLD B–D, suggesting that 
their COPD may not be well controlled with their current 
treatment. In both treatment groups, approximately 20% of 
patients met the criteria for GOLD D, the most severe 
group in the GOLD classification covering a considerable 

Figure 4 GOLD classification according to symptom burden (assessed by CAT and mMRC) and exacerbation history. 
Abbreviations: CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; FP/SAL, fluticasone propionate/salmeterol; GOLD, Global Initiative for 
Obstructive Lung Disease; mMRC, modified Medical Research Council dyspnea scale; UMEC/VI, umeclidinium/vilanterol.
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symptom burden and high risk of future exacerbations.1 

Patients in this group may therefore be experiencing per-
sistent symptoms and/or exacerbations while on ICS/ 
LABA or LAMA/LABA therapy, and could benefit from 
escalation to triple therapy (ICS/LAMA/LABA).1 These 
findings suggest that current prescribing patterns are not 
adherent to the recommendations outlined in the GOLD 
report, and a considerable proportion of patients may have 
poorly-controlled disease with their current therapy. 
Inappropriate prescribing may lead to inadequate control 
of symptoms and an increased need for treatments such as 
oral corticosteroids and antibiotics,14 highlighting the 
importance of adherence to treatment recommendations 
and intensifying treatment where necessary to improve 
outcomes for patients.

There are general limitations associated with the use of 
claims data, which are collected for the purposes of pay-
ment rather than research. A claim for a filled prescription 
does not necessarily show that the medication was taken as 
prescribed, and diagnosis codes on medical claims do not 
conclusively demonstrate the presence of the disease. 
Additionally, over-the-counter medications and those pro-
vided as samples by a physician are not captured in this 

data source. To help mitigate these limitations, we 
included patients with multiple COPD diagnosis codes, 
who self-reported a COPD diagnosis by a HCP, and had 
corresponding claims-based and patient-reported current 
COPD treatment. Furthermore, we excluded patients who 
reported current prescriptions for both UMEC/VI and FP/ 
SAL. A limitation of this study is that it was not possible 
to identify patients for whom ICS/LABA treatment was 
indicated due to blood eosinophil counts ≥300 cells/μL,1 

since clinical measures such as blood eosinophils are not 
included in claims data. Limitations of the survey may 
include sampling error, coverage error, and measurement 
error. The study population comprised Medicare 
Advantage enrollees aged ≥65 years, and so the findings 
may not be generalizable to uninsured or younger patient 
populations.

Conclusions
After controlling for confounding baseline characteristics 
including exacerbations, symptom burden in patients with 
COPD receiving UMEC/VI or FP/SAL was similar. 
GOLD classification varied depending on the measure 
used to assess symptoms, with the mMRC appearing to 

Figure 5 Comparison of GOLD classification according to different patient-reported measures of symptom burden (CAT or mMRC). 
Abbreviations: CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Obstructive Lung Disease; mMRC, modified 
Medical Research Council dyspnea scale.
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produce more conservative results and potentially under-
estimating symptom burden compared with CAT. When 
both measures were used, a considerable proportion of 
patients receiving either treatment were classified as 
GOLD B, despite GOLD recommendations that patients 
in these categories should be initiated on a non-ICS- 
containing therapy. These findings support the need for 
routine assessment of symptoms in patients with COPD.

Abbreviations
AAPOR, American Association for Public Opinion 
Research; AHRQ, Agency for Healthcare Research and 
Quality; ASD, absolute standardized difference; CAT, 
COPD Assessment Test; COPD, chronic obstructive pul-
monary disease; FP/SAL, fluticasone propionate/salme-
terol; GOLD, Global Initiative for Obstructive Lung 
Disease; HCP, health-care provider; ICD-10, International 
Classification of Diseases, 10th Edition; ICS, inhaled cor-
ticosteroids; IPTW, inverse probability of treatment 
weighting; LABA, long-acting β2-agonist; LAMA, long- 
acting muscarinic antagonist; MA, Medicare Advantage; 
mMRC, modified Medical Research Council; SD, standard 
deviation; UMEC/VI, umeclidinium/vilanterol.
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