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Background: Chronic obstructive pulmonary disease (COPD) can greatly impact the quality 

of life by limiting patients’ activities. However, data on impact of symptomatic burden on the 

health care resource utilization (HCRU) and employment in COPD are lacking. We examined 

the association between COPD Assessment Test (CAT) score and direct/indirect costs associ-

ated with HCRU and work productivity.

Methods: Data from .2,100 patients with COPD consulting for routine care were derived from 

respiratory disease-specific programs in Europe, the USA and China. Questionnaires, including 

CAT and Work Productivity and Activity Impairment (WPAI), were used to collect the past 

and current disease status data and HCRU characteristics from physicians (general practitio-

ners/specialists) and patients. A regression approach was used to quantify the association of 

CAT with HCRU and WPAI variables. CAT score was modeled as a continuous independent 

variable (range: 0–40).

Results: Ninety percent of patients with COPD had a CAT score $10. Short-acting therapy 

and maintenance bronchodilator monotherapy, respectively, were currently prescribed to 

patients with CAT scores of 10–19 (5.8% and 27.6%), 20–29 (5.1% and 13.1%) and 30–40 

(2.8% and 6.6%). Prescribing of maintenance bronchodilator dual therapy was low across the 

CAT score groups (0–9, 7.8%; 10–19, 6.4%; 20–29, 5.9%; 30–40, 4.4%), whereas maintenance 

triple combination therapy was prescribed more commonly in patients with higher CAT scores 

(0–9, 16.1%; 10–19, 23.2%; 20–29, 25.9%; 30–40, 35.5%). Increasing CAT scores were 

significantly associated with a higher frequency of primary care physician visits (P,0.001), 

pulmonologist visits (P=0.007), exacerbations requiring hospitalization (P,0.001) and WPAI 

scores (P,0.001).

Conclusion: Most patients with COPD presented with high symptom levels, despite being 

treated for COPD. Increasing symptom burden was associated with increasing HCRU and had 

a detrimental impact on work productivity.

Keywords: COPD, symptom, health care resource utilization, work and activity impairment, 

routine care

Introduction
Chronic obstructive pulmonary disease (COPD) has a major and growing impact on 

global health burden. In 2004, COPD accounted for 5.1% of deaths worldwide, with 

this proportion expected to rise to 8.6% by 2030 – in line with the projected increases 

in tobacco use – making COPD the third leading cause of death.1

For the individual patient, COPD imposes important and far-reaching limitations on 

the activities of daily life. Data derived from the Behavioral Risk Factor Surveillance 

Correspondence: Bo Ding
Medical Evidence and Observational 
Research, Global Medical Affairs, 
AstraZeneca Gothenburg, 
Pepparedsleden 1, SE-431 83 Mölndal, 
Sweden
Tel +46 31 776 2406
Email bo.ding@astrazeneca.com 

Journal name: International Journal of COPD
Article Designation: Original Research
Year: 2017
Volume: 12
Running head verso: Ding et al
Running head recto: COPD symptom burden, health care utilization and work impairment
DOI: http://dx.doi.org/10.2147/COPD.S123896

In
te

rn
at

io
na

l J
ou

rn
al

 o
f C

hr
on

ic
 O

bs
tr

uc
tiv

e 
P

ul
m

on
ar

y 
D

is
ea

se
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/COPD.S123896
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:bo.ding@astrazeneca.com


International Journal of COPD 2017:12submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

678

Ding et al

System and analyzed by the US Center for Disease Control 

and Prevention reveal extensive activity and work limitation 

among adults self-reporting COPD.2 COPD was associated 

with an almost 5-fold increase in inability to work, a 3-fold 

increase in activity limitation due to health problems and 

a .3-fold increase in difficulty walking or climbing stairs. 

For many patients, the cycle is self-perpetuating, with a lack 

of physical activity fostering ongoing activity limitation in 

other aspects of daily life.2 Activity impairment in COPD is 

particularly pertinent, given that physical activity is a strong 

predictor of mortality in COPD patients.3

The progression of symptoms and the subsequent reduc-

tion in daily activities contribute collectively to a gradual 

deterioration in the patient’s health-related quality of life.4 

It is not surprising that from the perspective of the patient, 

the improvement of symptoms and enhancement of ability 

to engage in the normal activities of daily living (eg, family 

routine and, if applicable, work) are desirable goals of 

COPD management.4,5

A recent update to the Global Initiative for Chronic 

Obstructive Lung Disease (GOLD) strategy document 

placed an increased emphasis on symptom relief in COPD 

by allowing symptomatic assessment to inform the choice of 

management strategy.5 In order to achieve this, GOLD recom-

mended the use of validated and reliable questionnaires such 

as the COPD Assessment Test™ (CAT; GlaxoSmithKline, 

Brentford, UK) in routine daily clinical practice. The result 

is a patient assessment system that takes into account both 

the current impact of a patient’s symptoms and their likeli-

hood of having a serious exacerbation – indicative of disease 

progression – in the future, thereby individualizing the treat-

ment strategy adopted.

A previous study conducted in the USA showed that health 

care resource utilization (HCRU) and associated costs for a 

group of 17,382 managed care patients with chronic bronchi-

tis were substantial, despite the use of COPD maintenance 

medications. The number of baseline exacerbations was a 

significant predictor of all-cause and COPD-related total costs 

in this study, but data were not stratified according to symptom 

severity.6 The objectives of our study were: 1) to examine the 

proportion of patients with COPD who had a symptomatic 

burden according to CAT score and 2) to explore the associa-

tion between symptomatic burden (CAT score) and HCRU, 

and work productivity and activity impairment (WPAI).

Methods
Data were derived from the disease-specific program (DSP), 

a survey designed to provide impartial observations of routine 

clinical practice from a physician and matched patient 

perspective, with a view to improving standards of care.7 

Quantitative and qualitative patient and physician data 

together provide an accurate snapshot of the perception 

of a particular disease, without preselection of patients. 

The survey can be viewed as four discrete stages: 1) the 

screening and recruitment of primary care/specialist physi-

cians; 2) individual interviews with the physicians; 3) the 

prospective completion, by the physician, of patient record 

forms for the next consecutive five patients with COPD and 

4) the return of patient self-completion records that were 

completed independently of their physicians.7 The Adelphi 

Respiratory DSPs were surveys conducted in 2010 (China) 

and 2013 (the USA and Europe) as market research adhering 

to the International Chamber of Commerce/European Society 

for Opinion and Marketing Research international code on 

observational research; therefore, ethics approval was not 

necessary to obtain and was not sought. Patients provided 

written informed consent to participate in the survey. All 

data were anonymized and aggregated prior to receipt by 

Adelphi Real World.

Study populations
Patients and physicians
The patient population comprised adults aged .40 years with 

confirmed airflow obstruction and a diagnosis of COPD con-

sulting for routine care. These criteria included patients with 

emphysema and chronic bronchitis and excluded patients 

with a concomitant diagnosis of asthma. Although a COPD 

diagnosis based on spirometry measurements is desirable, it is 

acknowledged that this is not always possible or recorded in 

routine clinical practice. All patients agreeing to participate 

in the survey completed a questionnaire that included the 

full CAT questionnaire, with no influence or input from the 

physician or nurse. Physicians were eligible for participation 

in the study if they had qualified within the last 5–35 years 

and were responsible for the treatment of patients with asthma 

and patients with COPD.

Variables
Outcome variables were recorded directly by the patient or 

physician, or were derived from the patient questionnaire. 

Descriptive variables included age, gender, race, body mass 

index, smoking status and history, employment status, comor-

bidities, most recent forced expiratory volume in 1 second 

(FEV
1
, % predicted), current COPD medications and  

the number of exacerbations in the last 12 months. 

Physicians also provided HCRU information pertaining 
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to the number of patient visits for COPD, either at their 

practice or elsewhere, and the number of exacerbations 

requiring hospitalization, within the last 12 months. Patient 

questionnaire-derived variables included mean CAT score 

and CAT score range (0–9, 10–19, 20–29 and 30–40) and 

the WPAI questionnaire.8 WPAI data were not collected for 

patients in the China cohort.

Statistical analyses
Data were analyzed collectively and as three separate regions: 

Europe (5EU: France, Germany, Italy, Spain and the UK), 

China and the USA. All analyses were performed using Stata 

13.1 (Stata Statistical Software: release 13; StataCorp LP, 

College Station, TX, USA).

CAT scores were modeled as a continuous independent 

variable ranging from 0 to 40. A regression approach was 

used to measure the association between CAT scores and 

WPAI scores or HCRU variables, allowing for the inclu-

sion of confounding variables (eg, age, body mass index, 

smoking status and history, physician-confirmed diagnosis 

of depression, anxiety and serious cardiovascular conditions) 

as covariates. Where the HCRU variable displayed signs of 

overdispersion, a negative binomial regression model was 

used. For all other variables, a Poisson regression model was 

used. For all regression models, the coefficient and P-value 

(Wald test) associated with the CAT variable were used 

to determine the relationship between CAT and the given 

HCRU variable or WPAI score.

WPAI assessments included only patients in Europe and 

the USA who worked full time or part time. Consistent with 

validated expression of WPAI scores, results were expressed 

as percentages for four domains: work time missed (absen-

teeism), work time impaired (presenteeism), overall work 

impairment (a combination of absenteeism and presenteeism) 

and total activity impairment. Data were analyzed using an 

ordinary least square regression model, with the four domains 

as dependent variables.

Results
Study population
Of 4,143 patients with COPD for whom physicians com-

pleted patient record forms within the observation period, 

2,166 agreed to participate and completed the patient self-

completion records (Table 1). The largest patient cohorts 

were from China (23.6%), the USA (19.1%) and Germany 

(16.8%). The mean (standard deviation [SD]) age of the 

entire study population was 65.1 (10.7) years; 45.5% of the 

population were aged ,65 years and the majority (66.6%) 

Table 1 Patient demographics and clinical characteristics

Overall 5EU USA China

(N=2,166, 
100%)

(n=1,242, 
57.3%)

(n=413, 
19.1%)

(n=511, 
23.6%)

Age
Missing, n 0 0 0 0
Mean (SD) 65.1 (10.7) 65.3 (10.4) 67.2 (9.9) 62.7 (11.6)
Age, n (%)
,65 years 985 (45.5) 540 (43.4) 158 (38.3) 287 (56.2)
$65 years 1,181 (54.5) 702 (56.5) 255 (61.7) 224 (43.8)
Gender, n (%)
Missing, n 0 0 0 0
Male 1,442 (66.6) 896 (72.1) 229 (55.5) 317 (62.0)
Race, n (%)
Missing, n 4 4 0 0
Caucasian 1,533 (70.9) 1,176 (95.0) 357 (86.4) 0
African 
American

35 (1.6) 0 35 (8.5) 0

Hispanic 45 (2.1) 33 (2.7) 12 (2.9) 0
Asian–Indian 
Subcontinent

9 (0.4) 5 (0.4) 4 (1.0) 0

Asian–other 9 (0.4) 4 (0.3) 5 (1.2) 0
Chinese 511 (23.6) 0 0 511 (100.0)
Other 20 (0.9) 20 (1.6) 0 0
BMI
Missing, n 95 66 28 1
Mean (SD) 25.6 (4.6) 26.0 (4.3) 27.5 (5.9) 23.3 (3.0)
Employment status, n (%)
Missing, n 38 24 12 2
Employed 529 (24.9) 297 (24.4) 118 (29.4) 114 (22.4)
Retired 1,263 (59.4) 713 (58.5) 209 (52.1) 341 (67.0)
Homemaker 113 (5.3) 65 (5.3) 23 (5.7) 25 (4.9)
Unemployed 152 (7.1) 97 (8.0) 26 (6.5) 29 (5.7)
On long-term 
disability

71 (3.3) 46 (3.8) 25 (6.2) 0

Smoking status, n (%)
Missing, n 11 1 2 8
Current smoker 629 (29.2) 417 (33.6) 132 (32.1) 80 (15.9)
Ex-smoker 1,232 (57.2) 755 (60.8) 260 (63.3) 217 (43.1)
Never smoked 294 (13.6) 69 (5.6) 19 (4.6) 206 (41.0)
Pack-years
Missing, n 79 48 22 9
Mean (SD) 30.0 (23.9) 34.9 (23.3) 35.1 (24.8) 14.7 (17.1)
Pack-years (grouped), n (%)
Missing, n 79 48 22 9
,10 414 (19.8) 136 (11.4) 40 (10.2) 238 (47.4)
$10 1,673 (80.2) 1,058 (88.6) 351 (89.8) 264 (52.6)
Most recent FEV1 test score (post-bronchodilator), % predicted
Missing, n 1,287 657 251 379
Mean (SD) 61.9 (18.2) 64.0 (18.1) 62.1 (17.3) 52.0 (16.9)
Mean number of exacerbations treated with OCS, antibiotics, 
both, ED or hospitalization in the last 12 months (5EU + US only)
Missing, n 536 16 9 511
Mean (SD) 1.3 (1.7) 1.3 (1.6) 1.2 (1.8) –
Frequency of exacerbations treated with OCS, antibiotics, both, 
ED or hospitalization in the last 12 months (5EU + US only), n (%)
Missing, n 536 16 9 511
0 728 (44.7) 518 (42.3) 210 (52.0) –
1 320 (19.6) 253 (20.6) 67 (16.6) –
2 284 (17.4) 224 (18.3) 60 (14.9) –
$3 298 (18.3) 231 (18.8) 67 (16.6) –

Abbreviations: 5EU, France, Germany, Italy, Spain and the UK; BMI, body mass 
index; ED, emergency department; FEV1, forced expiratory volume in 1 second; 
OCS, oral corticosteroid; SD, standard deviation.
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were male. While the majority of the population were 

retired (59.4%), nearly a quarter of them were still engaged 

in active employment (24.9%). Most patients were cur-

rent or ex-smokers (29.2% and 57.2%, respectively). The 

overall population had a mean (SD) number of 30.0 (23.9) 

pack-years, and the majority of patients had $10 pack-years 

(80.2%). A considerable number of patients surveyed 

(27.2%) had a serious concomitant cardiovascular condi-

tion. The most frequently occurring comorbidities in this 

patient population included hypertension (55.8%), elevated 

cholesterol (27.0%) and diabetes (15.5%; Table S1).

Clinical characteristics
For the entire study population, the mean most recent post-

bronchodilator FEV
1
 was 61.9% of the predicted value 

(Table 1). Among patients surveyed in Europe and the 

USA, 35.7% had experienced $2 exacerbations in the last 

12 months that required treatment with oral corticosteroids 

and/or antibiotics, emergency department (ED) treatment 

and/or admission to hospital (Table 1).

CAT scores
Among the three regions studied, the mean (SD) CAT 

score was highest for China (24.4 [6.1]) and similar for 

Europe (20.5 [8.3]) and the USA (20.3 [8.7]; Figure 1). Of 

the entire study population, 90.4% had a mean CAT score 

of $10 and 62.3% had a mean CAT score of $20. Almost 

all (98.2%) of the patients surveyed in China had a mean 

CAT score of $10 (Figure 1).

Treatment by CAT score
Treatment with single short-acting therapy (not specified as 

rescue or maintenance medication) was currently prescribed 

to 5.9% of patients overall (Table 2). In each region, a greater 

proportion of patients with a CAT score of 0–9 were pre-

scribed single short-acting therapy, compared with higher 

CAT score groups (Table 2). Overall, treatment with main-

tenance bronchodilator monotherapy (long-acting muscarinic 

antagonist [LAMA] or long-acting β
2
-agonist [LABA]) was 

currently prescribed to 18.3% of patients, with regional 

variations between single LAMA or LABA use (Table 2). In 

Europe and the USA, where LAMAs alone were prescribed 

much more widely than in China, it was more common for 

only a LAMA to be prescribed to patients with CAT scores 

of 0–9 or 10–19 than to those with CAT scores of 20–29 

and 30–40 (Table 2).

Regional differences were also found between prescrip-

tion of maintenance bronchodilator dual therapy (LABA and 

LAMA; Table 2). In Europe, where use of this treatment was 

more common than in the other regions, prescribing was 

similar in each of the CAT score groups (Table 2).

Inhaled corticosteroid (ICS)/LABA dual therapy was 

prescribed for a quarter of patients in the USA and China 

cohorts and 15.7% of the Europe cohort, and was the most 

prescribed treatment in the China cohort (Table 2). In the 

USA cohort, similar proportions of patients in each CAT 

score cohort received ICS/LABA, whereas in China, half of 

the patients in the CAT 0–9 cohort were using ICS/LABA, 

although the sample size was small (n=9; Table 2). Higher 

proportions of maintenance triple combination therapy 

(ICS plus LAMA and LABA) were found in the USA and 

Europe cohorts (where this was the most prescribed treat-

ment approach) compared with the China cohort. Trends in 

triple combination prescription by CAT score were different 

between regions, with similar proportions of prescriptions in 

all groups in the USA and increasing prescriptions in higher 

Figure 1 (A) CAT scores (mean, SD) and (B) CAT score domains by region, % patients.
Abbreviations: 5EU, France, Germany, Italy, Spain and the UK; CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; SD, standard deviation.
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Table 2 Current treatment ($1.5% of the entire study population) by CAT score domain in all and individual regions

Entire study population 5EU

Overall 0–9 10–19 20–29 30–40 Overall 0–9 10–19 20–29 30–40

(N=2,166, 
100%)

(n=207, 
9.6%)

(n=609, 
28.1%)

(n=988, 
45.6%)

(n=362, 
16.7%)

(N=1,242, 
100%)

(n=138, 
11.1%)

(n=405, 
32.6%)

(n=512, 
41.2%)

(n=187, 
15.1%)

Current treatment, n (%)
Missing, n 6 2 1 2 1 2 1 0 1 0
Short-acting therapy

SABA, SAMA, 
SABA/SAMA alonea

128 (5.9) 33 (16.1) 35 (5.8) 50 (5.1) 10 (2.8) 68 (5.5) 19 (13.9) 21 (5.2) 23 (4.5) 5 (2.7)

Maintenance therapies
Bronchodilator monotherapy

LAMA alone 313 (14.5) 59 (28.8) 141 (23.2) 96 (9.7) 17 (4.7) 236 (19.0) 45 (32.9) 112 (27.7) 69 (13.5) 10 (5.4)
LABA alone 83 (3.8) 16 (7.8) 27 (4.4) 33 (3.4) 7 (1.9) 73 (5.9) 16 (11.7) 26 (6.4) 25 (4.9) 6 (3.2)

Bronchodilator dual therapy
LAMA+LABA 129 (6.0) 16 (7.8) 39 (6.4) 58 (5.9) 16 (4.4) 123 (9.9) 15 (11.0) 38 (9.4) 55 (10.8) 15 (8.0)

Triple therapyb

LAMA+ICS/LABA 525 (24.3) 31 (15.1) 130 (21.4) 243 (24.7) 121 (33.5) 385 (31.1) 18 (13.1) 92 (22.7) 181 (35.4) 94 (50.3)
LAMA+LABA+ICS 32 (1.5) 2 (1.0) 11 (1.8) 12 (1.2) 7 (1.9) 27 (2.2) 2 (1.5) 9 (2.2) 11 (2.2) 5 (2.7)

ICS-based therapies not including dual LAMA+LABA component
ICS alone 39 (1.8) 4 (2.0) 12 (2.0) 14 (1.4) 9 (2.5) 21 (1.7) 2 (1.5) 9 (2.2) 8 (1.6) 2 (1.1)
ICS/LABA alone 432 (20.0) 35 (17.1) 109 (17.9) 214 (21.7) 74 (20.5) 194 (15.7) 15 (11.0) 67 (16.5) 86 (16.8) 26 (13.9)
ICS+LAMA 27 (1.3) 2 (1.0) 9 (1.5) 8 (0.8) 8 (2.2) 17 (1.4) 1 (0.7) 6 (1.5) 4 (0.8) 6 (3.2)
ICS+LABA 20 (0.9) 1 (0.5) 2 (0.3) 8 (0.8) 9 (2.5) 10 (0.8) 1 (0.7) 2 (0.5) 3 (0.6) 4 (2.1)
ICS/LABA+LTRA 58 (2.7) 0 17 (2.8) 32 (3.3) 9 (2.5) 3 (0.2) 0 1 (0.3) 2 (0.4) 0
ICS/LABA+xanthines 112 (5.2) 2 (1.0) 11 (1.8) 76 (7.7) 23 (6.4) 9 (0.7) 1 (0.7) 1 (0.3) 6 (1.2) 1 (0.5)
ICS+xanthines 30 (1.4) 0 5 (0.8) 22 (2.2) 3 (0.8) 1 (0.1) 0 1 (0.3) 0 0

Other maintenance therapies
Xanthines alone 61 (2.8) 0 16 (2.6) 34 (3.5) 11 (3.1) 4 (0.3) 0 0 4 (0.8) 0
Other 171 (7.9) 4 (2.0) 44 (7.2) 86 (8.7) 37 (10.2) 69 (5.6) 2 (1.5) 20 (4.9) 34 (6.7) 13 (7.0)

USA China

Overall 0–9 10–19 20–29 30–40 Overall 0–9 10–19 20–29 30–40

(N=413, 
100%)

(n=60, 
14.5%)

(n=116, 
28.1%)

(n=172, 
41.6%)

(n=65, 
15.7%)

(N=511, 
100%)

(n=9, 
1.8%)

(n=88, 
17.2%)

(n=304, 
59.5%)

(n=110, 
21.5%)

Current treatment, n (%)
Missing, n 3 1 1 1 0 1 0 0 0 1
Short-acting therapy

SABA, SAMA, 
SABA/SAMA alonea

41 (10.0) 13 (22.0) 9 (7.8) 18 (10.5) 1 (1.5) 19 (3.7) 1 (11.1) 5 (5.7) 9 (3.0) 4 (3.7)

Maintenance therapies
Bronchodilator monotherapy

LAMA alone 73 (17.8) 14 (23.7) 29 (25.2) 24 (14.0) 6 (9.2) 4 (0.8) 0 0 3 (1.0) 1 (0.9)
LABA alone 5 (1.2) 0 1 (0.9) 4 (2.3) 0 5 (1.0) 0 0 4 (1.3) 1 (0.9)

Bronchodilator dual therapy
LAMA+LABA 5 (1.2) 1 (1.7) 1 (0.9) 2 (1.2) 1 (1.5) 1 (0.2) 0 0 1 (0.3) 0

Triple therapyb

LAMA+ICS/LABA 132 (32.2) 13 (22.0) 37 (32.2) 60 (35.1) 22 (33.9) 8 (1.6) 0 1 (1.1) 2 (0.7) 5 (4.6)
LAMA+LABA+ICS 5 (1.2) 0 2 (1.7) 1 (0.6) 2 (3.1) 0 0 0 0 0

ICS-based therapies not including dual LAMA+LABA component
ICS alone 7 (1.7) 1 (1.7) 1 (0.9) 2 (1.2) 3 (4.6) 11 (2.2) 1 (11.1) 2 (2.3) 4 (1.3) 4 (3.7)
ICS/LABA alone 106 (25.9) 15 (25.4) 27 (23.5) 45 (26.3) 19 (29.2) 132 (25.9) 5 (55.6) 15 (17.0) 83 (27.3) 29 (26.6)
ICS+LAMA 10 (2.4) 1 (1.7) 3 (2.6) 4 (2.3) 2 (3.1) 0 0 0 0 0
ICS+LABA 6 (1.5) 0 0 4 (2.3) 2 (3.1) 4 (0.8) 0 0 1 (0.3) 3 (2.8)
ICS/LABA+LTRA 1 (0.2) 0 1 (0.9) 0 0 54 (10.6) 0 15 (17.1) 30 (9.9) 9 (8.3)
ICS/LABA+xanthines 0 0 0 0 0 103 (20.2) 1 (11.1) 10 (11.4) 70 (23.0) 22 (20.2)
ICS+xanthines 1 (0.2) 0 0 1 (0.6) 0 28 (5.5) 0 4 (4.6) 21 (6.9) 3 (2.8)

Other maintenance therapies
Xanthines alone 0 0 0 0 0 57 (11.2) 0 16 (18.2) 30 (9.9) 11 (10.1)
Other 18 (4.4) 1 (1.7) 4 (3.5) 6 (3.5) 7 (10.8) 84 (16.5) 1 (11.1) 20 (22.7) 46 (15.1) 17 (15.6)

Notes: aEither maintenance or rescue medication; btriple therapy defined as a single LABA, a single LAMA and a single ICS therapy only.
Abbreviations: 5EU, France, Germany, Italy, Spain and the UK; CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroid; 
LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist; LTRA, leukotriene receptor antagonist; SABA, short-acting β2-agonist; SAMA, short-acting muscarinic 
antagonist.
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groups in Europe and China (Table 2). In contrast to Europe 

and the USA where xanthines are not used, xanthines (used 

as part of a combination therapy) represented the second 

and fourth highest treatment strategy in China (Table 2; 

Tables S2–S4).

HCRU by CAT score
Over the 12 months prior to the study period, surveyed 

patients reported an average (SD) of 6.6 (5.5) visits to their 

physician for their COPD. Primary care physician visits were 

the most frequent (mean [SD]: 4.5 [4.8]), with pulmonologist 

visits and ED treatment/hospitalizations for exacerbations 

occurring a mean (SD) of 1.7 (1.9) and 0.4 (1.3) times, respec-

tively (Table 3). Multivariate negative binomial regression 

modeling of HCRU by CAT score revealed a significant asso-

ciation between increased visits to a physician and increasing 

CAT score. For each unit increase in CAT score, the rate 

of visits to any physician in the last 12 months increased 

by a factor of 1.024 (2.4%; P,0.001; Table 4). Within this 

analysis, the number of primary care physician visits was 

significantly greater with increasing CAT score (incident rate 

ratio [IRR]: 1.029; P,0.001), as were pulmonologist visits 

(IRR: 1.012; P=0.007). In the past 12 months, the number 

of exacerbations requiring ED treatment or hospitalization 

(unscheduled hospital visits) was significantly greater with 

increasing CAT score (IRR: 1.112; P,0.001).

WPAI by CAT score
Overall work impairment (absenteeism and presenteeism 

combined), as quantified by mean WPAI score, was 

24.9±21.6 (mean [SD]; Table 3). Over the 7 days prior to 

the study period, a significant association was observed 

between increasing absenteeism from work and increasing 

CAT score (coefficient: 0.445; P=0.002; Table 4). For each 

unit increase in CAT score, there was an increase in absentee-

ism of 0.45% points. Thus, an increase in CAT score of 10 

is associated with an increase in absenteeism of 4.5% points. 

Over the same time period, a higher CAT score was associ-

ated with impaired work time (presenteeism; coefficient: 

1.680; P,0.001; Table 4). Thus, for each unit increase in 

CAT score, there was an increase in presenteeism of 1.68% 

points. Likewise, loss of work productivity (overall work 

impairment) was significantly associated with increasing 

CAT score (coefficient: 1.739; P,0.001; Table 4). Total 

activity impairment was also significantly associated with 

increasing CAT score (coefficient: 2.004; P,0.001; Table 4), 

Table 3 The burden of COPD in relation to HCRU and WPAI in all and individual regions, and overall by CAT score domain

Individual regions

Overall 5EU USA China

n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD)

Total physician visits in the last 12 months 1,560 6.6 (5.5) 1,053 6.5 (4.9) 319 4.2 (2.9) 188 10.8 (8.6)
Primary care physician visits in the last 12 months 1,734 4.5 (4.8) 1,055 3.6 (3.4) 321 2.0 (1.7) 358 9.2 (6.5)
Pulmonologist visits in the last 12 months 1,587 1.7 (1.8) 1,059 1.8 (1.7) 338 1.9 (2.2) 190 0.6 (1.5)
Unscheduled hospital visits in the last 12 months 1,664 0.4 (1.3) 1,056 0.3 (0.8) 333 0.3 (0.8) 275 0.8 (2.6)
Work time missed (absenteeism) in the last 7 days, % 290 4.9 (17.4) 206 5.7 (18.7) 84 17.8 (20.4) n/a n/a
Work time impaired (presenteeism) in the last 7 days, % 282 23.5 (20.1) 200 25.9 (19.6) 82 17.8 (20.4) n/a n/a
Overall work impairment (combination of absenteeism 
and presenteeism) in the last 7 days, %

281 24.9 (21.6) 199 27.4 (21.1) 82 18.9 (21.7) n/a n/a

Total activity impairment in the last 7 days, % 1,066 39.9 (25.2) 836 41.4 (24.7) 230 34.6 (26.1) n/a n/a

Overall by CAT score domain

0–9 10–19 20–29 30–40

n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD)

Total physician visits in the last 12 months 159 4.4 (3.5) 464 5.6 (4.3) 666 6.9 (5.7) 271 8.7 (6.7)
Primary care physician visits in the last 12 months 161 2.6 (2.6) 481 3.5 (3.6) 792 5.0 (5.2) 300 5.5 (5.5)
Pulmonologist visits in the last 12 months 167 1.4 (1.5) 471 1.5 (1.7) 675 1.7 (2.0) 274 2.0 (2.0)
Unscheduled hospital visits in the last 12 months 164 0.1 (0.3) 478 0.1 (0.5) 757 0.4 (1.3) 265 1.1 (2.2)
Work time missed (absenteeism) in the last 7 days, % 55 0.1 (1.1) 125 3.3 (13.9) 91 9.4 (23.4) 19 8.4 (24.3)
Work time impaired (presenteeism) in the last 7 days, % 55 6.9 (9.2) 122 19.5 (15.7) 87 33.8 (18.8) 18 51.7 (21.8)
Overall work impairment (combination of absenteeism 
and presenteeism) in the last 7 days, %

55 7.1 (9.2) 122 20.7 (16.8) 86 36.5 (21.1) 18 52.7 (22.6)

Total activity impairment in the last 7 days, % 130 12.8 (14.5) 347 28.5 (18.7) 444 47.2 (20.2) 145 69.4 (19.3)

Abbreviations: 5EU, France, Germany, Italy, Spain and the UK; CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; HCRU, health care resource 
utilization; n/a, not available; SD, standard deviation; WPAI, work productivity and activity impairment.
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so that for each unit increase in CAT score, there was an 

increase in activity impairment of 2% points.

Discussion
In this study, the majority of patients with COPD (.90% of 

the total population) presented with a high symptom burden, 

based on the established threshold value of $10 on the CAT.5,9 

The mean CAT score in our study was 21.3 (median 22;  

62.3% had a CAT score $20). This trend was particularly 

pronounced in China, with almost all of the patients surveyed 

presenting with a high symptom burden, and may reflect the 

country’s health care system, where patient consultations 

typically occur in hospitals and are more suggestive of 

emergency care than routine visits. The CAT cut-point for 

regular treatment based on symptoms is a score $10, which 

may be too low to accurately distinguish patients based on the 

presence of a clinically meaningful symptom burden.5 The 

cut-point does correspond to the range of severity typically 

observed in patients recruited to clinical trials in COPD.5 

The distribution of CAT scores observed herein serves to 

underline the differences between clinical trial populations 

and the patient populations that physicians may encounter in 

routine clinical practice. Our decision to assess CAT scores 

as a continuous variable from 0 to 40 was intended to capture 

more accurate information on the impact on HCRU and work/

activity impairment of progressively worse symptoms, and 

the apparent skewing of our data toward the upper end of 

the scale justifies such an approach.

Allowing for differences in the study populations, our 

findings are broadly consistent with those from a cohort of 

the COPDGene® study, which found that more patients were 

grouped within “high symptom” groups (GOLD-B, 24.8%; 

GOLD-D, 41.0%) than “low symptom” groups (GOLD-A, 

29.4%; GOLD-C, 4.9%).10 Published data have shown that 

choice of symptom measure can alter the group assignment 

of patients with COPD.11 Indeed, a subsequent systematic 

review and meta-analysis of 17 studies in patients with 

COPD confirmed that CAT $10 and modified Medical 

Research Council (mMRC) $2 are nonequivalent criteria 

for assessing symptom burden.12 It has been proposed that a 

lower mMRC-based threshold of grade $1 is equivalent to 

a CAT score $10 cut-off when seeking to identify patients 

with low-symptom COPD.13

Further evidence for the high symptom burden among 

patients with COPD comes from a global study14 reporting that 

while the majority of patients (62%) were allocated to lower 

symptom groups (mMRC 1 and 2), the rates of exacerbation 

requiring hospitalization in the 12 months prior to assessment 

(27% in mMRC groups 1 and 2) exceed those reported in our 

study (19.6%), in which the burden of symptoms was notably 

higher. While we acknowledge that such differences may 

derive, in part, from reliance on patient-defined criteria for 

an exacerbation, rather than physician-defined criteria for an 

exacerbation, this observation does suggest that a high impact 

of symptoms on day-to-day life is not necessarily indicative 

of more serious exacerbation-related events.

The study highlighted the disparity in treatment 

approaches between Europe, the USA and China, although 

an exception was the large proportion of patients in each 

region receiving monotherapy or short-acting therapy only, 

which may not be adequate to provide optimal symptom con-

trol. Triple combination therapy of ICS, LABA and LAMA 

appeared more widely adopted in the USA and Europe than in 

China. This is despite being widely acknowledged as the cur-

rent gold standard optimal inhaled therapy for patients with 

COPD with more symptoms and high risk of exacerbation 

Table 4 Incremental burden of COPD associated with increasing CAT score in relation to HCRU, work productivity and activity 
impairment

n Mean (SD) Multivariate regression modeling

IRR/coefficient 95% CI P-value

Total physician visits in the last 12 months 1,560 6.6 (5.5) 1.024a 1.018 1.030 ,0.001
Primary care physician visits in the last 12 months 1,734 4.5 (4.8) 1.029a 1.021 1.038 ,0.001
Pulmonologist visits in the last 12 months 1,587 1.7 (1.9) 1.012a 1.003 1.020 0.007
Unscheduled hospital visits in the last 12 months 1,664 0.4 (1.3) 1.112a 1.089 1.137 ,0.001
Work time missed (absenteeism) in the last 7 days, % 290 4.9 (17.4) 0.445b 0.169 0.720 0.002
Work time impaired (presenteeism) in the last 7 days, % 282 23.5 (20.1) 1.680b 1.392 1.967 ,0.001
Overall work impairment (combination of absenteeism 
and presenteeism) in the last 7 days, %

281 24.9 (21.6) 1.739b 1.429 2.048 ,0.001

Total activity impairment in the last 7 days, % 1,066 39.9 (25.2) 2.004b 1.848 2.160 ,0.001

Notes: aIRR; bcoefficient.
Abbreviations: CAT, COPD Assessment Test; CI, confidence interval; COPD, chronic obstructive pulmonary disease; HCRU, health care resource utilization; IRR, 
incidence rate ratio; SD, standard deviation.
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(D classification).5 In line with these findings, a recent 

retrospective database review from Taiwan showed excessive 

use of oral bronchodilators (predominantly xanthines and 

β
2
-agonists) in China.15 Although not a specific objective of 

the study, our data suggest a disconnection between physi-

cians’ prescribing practices and COPD treatment guidelines. 

The reasons for this disparity cannot be established from our 

data set, although in China, one barrier to effective provi-

sion of GOLD-recommended treatments has been identified 

as the self-administration of nonprescription medicines by 

individuals with COPD.16

A particular focus of this study was translating the impact 

of increments in activity impairment on HCRU and work 

productivity. Jones et al reported that a CAT score of 5 may 

prevent patients from performing one or two tasks and a score 

of 10 means that patients get exhausted easily and usually 

cannot play sports, whereas a score .30 prevents them from 

doing most of what they want to do.9

In our survey, increasing severity of COPD symptoms 

was directly and significantly associated with HCRU. For 

each unit increase in CAT score, the rate of unscheduled 

visits to hospital related to an exacerbation increased by 

11.2%. Although establishing a causal relationship between 

the CAT score and serious exacerbation risk was beyond the 

scope of the study, this association may serve as a useful 

marker of exacerbation risk in patients newly diagnosed in 

a primary care setting and in those perceived to be at low 

risk of exacerbation.

A noteworthy observation was that while a statistically 

significant difference was seen in physician visits, the abso-

lute increase in visits to either a primary care physician or a 

pulmonologist was small. One possible explanation is that 

patients were self-restrained by their symptoms, given their 

diagnosis of COPD, and were therefore less inclined to seek 

medical attention. This sense of low expectation was also 

observed in the study by Barnes et al, in which many patients 

(39%) adopted a “wait and see” approach to an exacerbation 

before seeking medical help.14

One quarter of the patients in our survey were actively 

employed and, therefore, their ability to manage their activ-

ity impairment in order to continue working is an important 

factor not only for financial reasons but also for maintaining 

a feeling of well-being, self-worth and a sense of contributing 

to society. Previous studies, conducted in US patient popula-

tions, have shown a link between HCRU and/or WPAI and 

the frequency of exacerbations.6,17,18 Our study focused on 

symptom severity rather than exacerbations and showed 

that increasing CAT scores were significantly associated 

with a loss of productivity related to absenteeism (missed 

days of work) and presenteeism (attending work while sick). 

In addition, if a minimally important difference is taken to 

be ~7%, as suggested by research conducted in patients with 

Crohn’s disease,19 then this is achieved with only a difference 

of ~4 on the CAT score for both overall WPAI score and 

activity impairment.

The risk of patient selection bias was a noted limitation 

of the study design; however, the likelihood was limited by 

the prospective consecutive sampling approach adopted. This 

approach was contingent upon the integrity of the participat-

ing physician, and adherence to this instruction could not be 

verified. Furthermore, as patients were enrolled from both a 

primary care and a specialist setting, this could potentially 

limit the generalizability of the findings. Further research 

would be necessary to investigate the differences in outcomes 

between the specialties of the managing physicians. WPAI 

data were not collected in China but were assessed in the 

European Union and the USA, which together comprised 

the majority of patients (.75%). Another potential limita-

tion is the point-in-time nature of the CAT, in which patients 

are asked for the “current” impact of their COPD, whereas 

independent variables are reported over the last 12 months 

or 7 days. However, this may have reduced the likelihood of 

finding an association between symptoms at the present day 

and events over the preceding 12 months. As an outcome 

measure, the CAT score was considered to provide a com-

prehensive assessment of a patient’s symptom severity over 

the previous 12 months. This is consistent with the GOLD 

classification, whereby patients are assigned to a group 

based on their current CAT score; however, exacerbation 

risk is determined on the basis of the last 12 months. Given 

the nonspecific time period of the items of the CAT and the 

outpatient setting (only 4.6% of patients were consulting 

the physician for a reason related to an exacerbation), their 

CAT score can be considered representative of symptoms 

that extend further than just the current day. This further 

validates conclusions drawn from the correlation observed 

between more symptoms and higher HCRU, such as serious 

exacerbation events. Adjusting for confounding demographic 

variations, smoking history and selected comorbidities helped 

to further strengthen the significance of the specific associa-

tion of inadequate symptom control with higher HCRU and 

impact on work.

Conclusion
Our study provides important data that support an association 

between COPD symptom burden and direct/indirect HCRU, 
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including physician visits and WPAI. The majority of patients 

with COPD presented with a high level of symptoms accord-

ing to their CAT score. A substantial proportion of these 

patients were receiving single short-acting or maintenance 

bronchodilator monotherapy, which may be indicative of 

an undertreated symptom burden that warrants an escalated 

pharmacotherapeutic intervention. Increasing symptom 

burden was associated with increasing HCRU and an overall 

detrimental impact on work productivity.
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Supplementary materials

Table S1 Patient comorbidity profile

Overall 5EU USA China

(N=2,166) (n=1,242) (n=413) (n=511)

Cardiovascular condition, n (%)
Missing, n 57 42 10 5
Angina pectoris 111 (5.3) 91 (7.6) 9 (2.2) 11 (2.2)
Cardiac arrhythmias 165 (7.8) 108 (9.0) 22 (5.5) 35 (6.9)
Coagulated blood clotting disorder 18 (0.9) 10 (0.8) 5 (1.2) 3 (0.6)
Congestive heart failure 105 (5.0) 59 (4.9) 34 (8.4) 12 (2.4)
Coronary artery disease 179 (8.5) 70 (5.8) 50 (12.4) 59 (11.7)
Elevated cholesterol/hyperlipidemia 569 (27.0) 328 (27.3) 170 (42.2) 71 (14.0)
Hypertension 1,176 (55.8) 728 (60.7) 269 (66.8) 179 (35.4)
Myocardial infarction 81 (3.8) 65 (5.4) 8 (2.0) 8 (1.6)
Peripheral vascular disease 106 (5.0) 66 (5.5) 37 (9.2) 3 (0.6)
Pulmonary arterial hypertension 51 (2.4) 24 (2.0) 7 (1.7) 20 (4.0)
Cerebrovascular disease and/or stroke 46 (2.2) 26 (2.2) 10 (2.5) 10 (2.0)
Thrombosis 21 (1.0) 10 (0.8) 4 (1.0) 7 (1.4)
Other CV condition 32 (1.5) 24 (2.0) 4 (1.0) 4 (0.8)
None 679 (32.2) 346 (28.8) 86 (21.3) 247 (48.8)

Physician-confirmed serious CV conditiona, n (%)
Missing, n 57 42 10 5
Serious CV 574 (27.2) 334 (27.8) 118 (29.3) 122 (24.1)

Other concomitant conditionsb, n (%)
Missing, n 196 45 20 131
None 275 (14.0) 253 (21.1) 22 (5.6) 0
AIDS/HIV 5 (0.3) 4 (0.3) 0 1 (0.3)
Anemia 63 (3.2) 24 (2.0) 14 (3.6) 25 (6.6)
Anxiety 223 (11.3) 128 (10.7) 70 (17.8) 25 (6.6)
Arthritis 271 (13.8) 109 (9.1) 110 (28.0) 52 (13.7)
Atopic dermatitis 10 (0.5) 5 (0.4) 3 (0.8) 2 (0.5)
Cancer 44 (2.2) 30 (2.5) 11 (2.8) 3 (0.8)
Crohn’s disease 12 (0.6) 10 (0.8) 1 (0.3) 1 (0.3)
Connective tissue/rheumatologic disease 12 (0.6) 3 (0.3) 6 (1.5) 3 (0.8)
Dementia 18 (0.9) 10 (0.8) 5 (1.3) 3 (0.8)
Depression 184 (9.3) 121 (10.1) 60 (15.3) 3 (0.8)
Dermatitis/eczema 18 (0.9) 6 (0.5) 4 (1.0) 8 (2.1)
Diabetes 305 (15.5) 208 (17.4) 54 (13.7) 43 (11.3)
Dyspepsia/stomach pain 121 (6.1) 40 (3.3) 13 (3.3) 68 (17.9)
Gastroesophageal reflux disease 217 (11.0) 121 (10.1) 89 (22.7) 7 (1.8)
Glaucoma 43 (2.2) 26 (2.2) 10 (2.5) 7 (1.8)
Hyperthyroidism 28 (1.4) 21 (1.8) 6 (1.5) 1 (0.3)
Liver disease 46 (2.3) 33 (2.8) 5 (1.3) 8 (2.1)
Obesity 155 (7.9) 112 (9.4) 32 (8.1) 11 (2.9)
Osteoporosis 167 (8.5) 86 (7.2) 36 (9.2) 45 (11.8)
Prostate disorder 168 (8.5) 122 (10.2) 38 (9.7) 8 (2.1)
Psoriasis 11 (0.6) 6 (0.5) 2 (0.5) 3 (0.8)
Peptic ulcer disease 57 (2.9) 15 (1.3) 6 (1.5) 36 (9.5)
Renal failure 40 (2.0) 31 (2.6) 3 (0.8) 6 (1.6)
Sinusitis 58 (2.9) 11 (0.9) 9 (2.3) 38 (10.0)
Sleep apnea 102 (5.2) 59 (4.9) 30 (7.6) 13 (3.4)

Notes: aSerious CV is defined as conditions such as angina and congestive heart failure and excludes the CV risk factors hypertension and hyperlipidemia; bconcomitant 
conditions list is not exhaustive. All variables are physician reported, with the exception of employment status.
Abbreviations: 5EU, France, Germany, Italy, Spain and the UK; AIDS, acquired immunodeficiency syndrome; CV, cardiovascular; HIV, human immunodeficiency virus.
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Table S2 Current treatment by CAT score domain in the USA

Overall (N=413) 0–9 (n=60) 10–19 (n=116) 20–29 (n=172) 30–40 (n=65)

Current treatment, n (%)
Missing, n 3 1 1 1 0
Short-acting therapy

SABA, SAMA, SABA/SAMA alone 41 (10.0) 13 (22.0) 9 (7.8) 18 (10.5) 1 (1.5)
Maintenance therapies

Bronchodilator monotherapy
LAMA alone 73 (17.8) 14 (23.7) 29 (25.2) 24 (14.0) 6 (9.2)
LABA alone 5 (1.2) 0 1 (0.9) 4 (2.3) 0

Bronchodilator dual therapy
LABA+LAMA 5 (1.2) 1 (1.7) 1 (0.9) 2 (1.2) 1 (1.5)

Triple therapya

ICS/LABA+LAMA 132 (32.2) 13 (22.0) 37 (32.2) 60 (35.1) 22 (33.9)
LAMA+LABA+ICS 5 (1.2) 0 2 (1.7) 1 (0.6) 2 (3.1)

ICS-based therapies not including dual LAMA+LABA component
ICS alone 7 (1.7) 1 (1.7) 1 (0.9) 2 (1.2) 3 (4.6)
ICS/LABA alone 106 (25.9) 15 (25.4) 27 (23.5) 45 (26.3) 19 (29.2)
ICS+LAMA 10 (2.4) 1 (1.7) 3 (2.6) 4 (2.3) 2 (3.1)
ICS+LABA 6 (1.5) 0 0 4 (2.3) 2 (3.1)
ICS/LABA+LABA 0 0 0 0 0
ICS/LABA+LTRA 1 (0.2) 0 1 (0.9) 0 0
ICS/LABA+xanthines 0 0 0 0 0
ICS/LABA+ICS 0 0 0 0 0
ICS/LABA+ICS+LTRA 0 0 0 0 0
ICS/LABA+ICS+xanthines 1 (0.2) 0 1 (0.9) 0 0
ICS+xanthines 1 (0.2) 0 0 1 (0.6) 0
ICS+LTRA 1 (0.2) 0 0 1 (0.6) 0

Other maintenance therapy
LTRA alone 0 0 0 0 0
Xanthines alone 0 0 0 0 0
LABA+xanthines 0 0 0 0 0
ICS/LABA+LABA+LAMA 0 0 0 0 0
ICS/LABA+ICS+LAMA 1 (0.2) 0 0 0 1 (1.5)
Other 15 (3.7) 1 (1.7) 3 (2.6) 5 (2.9) 6 (9.2)

Note: aTriple therapy defined as a single LABA, a single LAMA and a single ICS therapy only.
Abbreviations: CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroid; LABA, long-acting β2-agonist; LAMA, long-acting 
muscarinic antagonist; LTRA, leukotriene receptor antagonist; SABA, short-acting β2-agonist; SAMA, short-acting muscarinic antagonist.
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Table S3 Current treatment by CAT score domain in Europe

Overall (N=1,242) 0–9 (n=138) 10–19 (n=405) 20–29 (n=512) 30–40 (n=187)

Current treatment, n (%)
Missing, n 2 1 0 1 0
Short-acting therapy

SABA, SAMA, SABA/SAMA alone 68 (5.5) 19 (13.9) 21 (5.2) 23 (4.5) 5 (2.7)
Maintenance therapies

Bronchodilator monotherapy
LAMA alone 236 (19.0) 45 (32.9) 112 (27.7) 69 (13.5) 10 (5.4)
LABA alone 73 (5.9) 16 (11.7) 26 (6.4) 25 (4.9) 6 (3.2)

Bronchodilator dual therapy
LABA+LAMA 123 (9.9) 15 (11.0) 38 (9.4) 55 (10.8) 15 (8.0)

Triple therapya

ICS/LABA+LAMA 385 (31.1) 18 (13.1) 92 (22.7) 181 (35.4) 94 (50.3)

LAMA+LABA+ICS 27 (2.2) 2 (1.5) 9 (2.2) 11 (2.2) 5 (2.7)

ICS-based therapies not including dual LAMA+LABA component
ICS alone 21 (1.7) 2 (1.5) 9 (2.2) 8 (1.6) 2 (1.1)
ICS/LABA alone 194 (15.7) 15 (11.0) 67 (16.5) 86 (16.8) 26 (13.9)
ICS+LAMA 17 (1.4) 1 (0.7) 6 (1.5) 4 (0.8) 6 (3.2)

ICS+LABA 10 (0.8) 1 (0.7) 2 (0.5) 3 (0.6) 4 (2.1)

ICS/LABA+LABA 20 (1.6) 2 (1.5) 8 (1.9) 9 (1.8) 1 (0.5)

ICS/LABA+LTRA 3 (0.2) 0 1 (0.3) 2 (0.4) 0

ICS/LABA+xanthines 9 (0.7) 1 (0.7) 1 (0.3) 6 (1.2) 1 (0.5)

ICS/LABA+ICS 0 0 0 0 0

ICS/LABA+ICS+LTRA 0 0 0 0 0

ICS/LABA+ICS+xanthines 0 0 0 0 0

ICS+xanthines 1 (0.1) 0 1 (0.3) 0 0

ICS+LTRA 0 0 0 0 0
Other maintenance therapy

LTRA alone 1 (0.1) 0 1 (0.3) 0 0
Xanthines alone 4 (0.3) 0 0 4 (0.8) 0
LABA+xanthines 1 (0.1) 0 0 1 (0.2) 0

ICS/LABA+LABA+LAMA 9 (0.7) 0 2 (0.5) 6 (1.2) 1 (0.5)

ICS/LABA+ICS+LAMA 3 (0.2) 0 0 1 (0.2) 2 (1.1)
Other 35 (2.8) 0 9 (2.2) 17 (3.3) 9 (4.8)

Note: aTriple therapy defined as a single LABA, a single LAMA and a single ICS therapy only.
Abbreviations: CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroid; LABA, long-acting β2-agonist; LAMA, long-acting 
muscarinic antagonist; LTRA, leukotriene receptor antagonist; SABA, short-acting β2-agonist; SAMA, short-acting muscarinic antagonist.
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Table S4 Current treatment by CAT score domain in China

Overall (N=511) 0–9 (n=9) 10–19 (n=88) 20–29 (n=304) 30–40 (n=110)

Current treatment, n (%)
Missing, n 1 0 0 0 1
Single short-acting therapy

SABA, SAMA, SABA/SAMA alone 19 (3.7) 1 (11.1) 5 (5.7) 9 (3.0) 4 (3.7)
Maintenance therapies

Bronchodilator monotherapy
LAMA alone 4 (0.8) 0 0 3 (1.0) 1 (0.9)
LABA alone 5 (1.0) 0 0 4 (1.3) 1 (0.9)

Bronchodilator dual therapy
LABA+LAMA 1 (0.2) 0 0 1 (0.3) 0

Triple therapya

ICS/LABA+LAMA 8 (1.6) 0 1 (1.1) 2 (0.7) 5 (4.6)

LAMA+LABA+ICS 0 0 0 0 0

ICS-based therapies not including dual LAMA+LABA component
ICS alone 11 (2.2) 1 (11.1) 2 (2.3) 4 (1.3) 4 (3.7)
ICS/LABA alone 132 (25.9) 5 (55.6) 15 (17.0) 83 (27.3) 29 (26.6)
ICS+LAMA 0 0 0 0 0

ICS+LABA 4 (0.8) 0 0 1 (0.3) 3 (2.8)

ICS/LABA+LABA 4 (0.8) 0 0 2 (0.7) 2 (1.8)

ICS/LABA+LTRA 54 (10.6) 0 15 (17.1) 30 (9.9) 9 (8.3)

ICS/LABA+xanthines 103 (20.2) 1 (11.1) 10 (11.4) 70 (23.0) 22 (20.2)

ICS/LABA+ICS 2 (0.4) 0 0 2 (0.7) 0

ICS/LABA+ICS+LTRA 2 (0.4) 0 2 (2.3) 0 0

ICS/LABA+ICS+xanthines 1 (0.2) 0 0 1 (0.3) 0

ICS+xanthines 28 (5.5) 0 4 (4.6) 21 (6.9) 3 (2.8)

ICS+LTRA 3 (0.6) 0 1 (1.1) 1 (0.3) 1 (0.9)
Other maintenance therapy

ICS/LABA+ICS 2 (0.4) 0 0 2 (0.7) 0
LTRA alone 13 (2.6) 0 3 (3.4) 8 (2.6) 2 (1.8)
Xanthines alone 57 (11.2) 0 16 (18.2) 30 (9.9) 11 (10.1)
LABA+xanthines 13 (2.6) 0 5 (5.7) 7 (2.3) 1 (0.9)

ICS/LABA+LABA+LAMA 0 0 0 0 0

ICS/LABA+ICS+LAMA 0 0 0 0 0
Other 46 (9.0) 1 (11.1) 9 (10.2) 25 (8.2) 11 (10.1)

Note: aTriple therapy defined as a single LABA, a single LAMA and a single ICS therapy only.
Abbreviations: CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroid; LABA, long-acting β2-agonist; LAMA, long-acting 
muscarinic antagonist; LTRA, leukotriene receptor antagonist; SABA, short-acting β2-agonist; SAMA, short-acting muscarinic antagonist.
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