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Purpose: Clinical guidelines for COPD management suggest pharmacologic treatment algorithms based on symptoms and exacer-
bation history. As previous research has suggested that prescribing patterns are not always aligned with these recommendations, this
study investigated the burden of disease in patients with COPD receiving, and persisting on, new inhaled maintenance therapy.
Patients and Methods: This was a retrospective observational study using two linked electronic databases containing health records
of patients in England. Patients aged ≥35 years with a confirmed diagnosis of COPD, and who initiated a new inhaled respiratory
pharmacologic maintenance regimen between January 1, 2014 and December 31, 2016 (index date) were eligible for inclusion. New
treatments could be long-acting muscarinic antagonist (LAMA) or long-acting β2-agonist (LABA) monotherapy, inhaled corticosteroid
(ICS)/LABA or LAMA/LABA dual therapy, or a multiple-inhaler triple therapy (MITT; LAMA/LABA/ICS). Patients were required to
have 12 months of available medical history prior to, and after, the index date.
Results: In total, 25,350 eligible patients were identified, of these 8282 (mean age: 70.9 years; 51.5% male) persisted with their newly
prescribed inhaled therapy for ≥12 months and were included in the analysis. In the 12 months prior to index, 54% of patients had
moderate or severe dyspnea (Medical Research Council score ≥3). The most common therapy initiated at index was MITT (42%),
followed by ICS/LABA dual therapy (31.2%). The proportion of patients with moderate or severe dyspnea in the post-index period
ranged from 29.0% of patients receiving ICS to 64.2% of patients receiving MITT. In the post-index period, 48.1% of patients
experienced ≥1 exacerbation and 54.9% had ≥5 general practitioner visits.
Conclusion: Many of the patients with COPD in our study continued to experience symptoms and exacerbations, despite persisting
on the same treatment for ≥12 months. This suggests that some patients may benefit from treatment modification in accordance with
guideline recommendations.
Keywords: chronic obstructive pulmonary disease, exacerbations, healthcare utilization, maintenance therapy, general practice

Introduction
Chronic obstructive pulmonary disease (COPD) is a progressive, irreversible disorder characterized by airway inflam-
mation and persistent airflow limitation.1 In the UK, COPD is estimated to affect 2.6% of the overall population,2 and
accounted for approximately 5% of all deaths in 2012.3 Disease management can be complicated by comorbidities, which
are experienced by many patients with COPD.4 COPD symptoms and exacerbations lead to increased healthcare resource
use and associated costs. Symptom burden and direct healthcare costs for patients with COPD in the UK have been
previously estimated through a cross-sectional survey in Northern Ireland5 and among patients with COPD in the UK
following the use of long-acting bronchodilator therapy,6 but not yet across all therapeutic classes of COPD. A potential
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insufficiency with currently available COPD treatments was previously identified, as almost half of patients who started
long-acting bronchodilator therapy continued to experience dyspnea during the 24-month follow-up period.6

The Global Initiative for Chronic Obstructive Lung Disease (GOLD) report, and the National Institute for Health and
Care Excellence (NICE) clinical guidelines suggest pharmacologic treatment algorithms for patients with COPD, based
on symptom severity and exacerbation history.1,7 Recent GOLD reports, published from 2017 onwards, also include
a classification system to comprehensively assess COPD disease severity. In this assessment, patients are categorized into
one of four groups (GOLD groups A–D) based on an assessment of symptoms and risk of exacerbation.1,8

Recent GOLD reports also recommend initial maintenance therapies that are appropriate for patients in each GOLD
group:1,8 GOLD group A: short- or long-acting bronchodilators; GOLD group B: long-acting inhaled bronchodilators,
including long-acting muscarinic antagonist (LAMA) or long-acting β2-agonist (LABA); GOLD group C: single long-
acting bronchodilator (LAMA); GOLD group D: single long-acting bronchodilator (LAMA), or LAMA plus LABA in
patients with severe symptoms. LABA plus an inhaled corticosteroid (ICS) may be an appropriate initial treatment for
patients in this group especially with blood eosinophil counts ≥300 cells/µL, or those with a history of asthma. The
GOLD guidelines recommend initiating dual therapy treatment (LAMA/LAMA or LABA/ICS) followed by triple
therapy (LAMA/LABA/ICS) in patients who continue to experience exacerbations or have poorly controlled symptoms.
Further escalation to add roflumilast or a macrolide can be considered in patients who continue to experience exacer-
bations on triple therapy.1

Prescribing behavior is not always closely aligned with these evidence-based recommendations and some patients
with COPD remain sub-optimally treated, suggesting that the guidelines are not fully utilized.9,10 Understanding patient
and disease factors that may contribute to COPD maintenance therapy prescription patterns may inform improvements in
healthcare delivery. It is also important to identify groups of patients who continue to experience exacerbations despite
receiving maintenance therapies.

The objective of this study was to investigate the burden of disease in patients with COPD receiving, and persisting
on, inhaled maintenance therapy, by assessing patient demographics and clinical characteristics, disease burden, exacer-
bation rate, and healthcare utilization after initiating a new inhaled maintenance therapy.

Materials and Methods
Study Design
This observational, retrospective, longitudinal cohort study analyzed primary care records from the UK Clinical Practice
Research Database – GP OnLine Data (CPRD-GOLD). This database was linked to secondary care records from the
Hospital Episode Statistics Admitted Patient Care (HES-APC) database, covering a subset of patients registered with
participating practices in England.

We identified patients with COPD who initiated a new inhaled maintenance therapy regimen (including a stepping up
or switching to a new regimen) between January 1, 2014 and December 31, 2016 (Figure 1). Patients who received

Figure 1 Study design.
Notes: aCOPD diagnosis between January 1, 2007 and December 31, 2016 and a spirometry record of FEV1/FVC <0.7 at any time. bNew inhaled maintenance therapy (or
class) prescribed between January 1, 2014 and December 31, 2016 (index date). Patients were assessed for persistence on their newly prescribed therapy (without switches,
additions or step-up/down) for 12 months post-index. cPatients had at least 12 months’ history available in the database prior to the index date. dFuture outcomes of
interest were ascertained from the database 12 months post-index, up to December 31, 2017.
Abbreviations: FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity.
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continuous prescriptions for the new maintenance therapy for ≥12 months (without further prescription switches,
additions, or step-ups/downs) were included in the analysis. The prescription initiation date (index date) was the date
the new inhaled maintenance therapy was prescribed. If a patient persisted on >1 inhaled maintenance therapy during the
observational period, the first newly prescribed inhaled treatment that persisted for ≥12 months was selected (or the first
new treatment prescription date, if more than one therapy was used for ≥12 months).

Study Population
Eligible patients were required to be ≥35 years old at COPD diagnosis7 and also have: a COPD diagnosis between
January 1, 2007 and December 31, 2016; a record of forced expiratory volume in 1 second/forced vital capacity
(FEV1/FVC) <0.7 at any time in the patient’s medical history; HES-APC-linked records; prescription of a new
inhaled COPD maintenance therapy (LAMA, LABA, LAMA/LABA, LABA/ICS, or multiple-inhaler triple therapy
[MITT] consisting of LAMA/LABA/ICS); no prior use of the newly prescribed inhaled maintenance therapy
(including drugs of a similar class) in the 12 months prior to the index date; and at least 12 months of history in
the CPRD-GOLD database prior to, and post, index. For the purposes of the current analysis, patients were also
required to persist on their newly initiated therapy for ≥12 months following the index date.

Patients were excluded if their medical history contained a condition that was incompatible with the diagnosis of
COPD, including conditions related to lung or bronchial developmental anomalies, degenerative processes, pulmonary
resection or other significant respiratory disorders, or lung malformations, other than COPD.

COPD Maintenance Treatment
The new inhaled maintenance therapy could be a monotherapy (LAMA or LABA), a dual therapy (ICS/LABA or
LAMA/LABA), or a MITT (LAMA/LABA/ICS). Patients who persisted on the new inhaled maintenance therapy
for ≥12 months were included in the analysis. Persistent medication use was defined as continuous use of the
specified therapy for at least 12 months with a gap of ≤90 days from the last known prescription date for LAMA,
LABA, ICS/LABA, LAMA/LABA, and ≤30-day gap from the discontinuation of any component of MITT
therapy. Persistent medication use did not permit the concurrent use of any additional treatments, with the
exception of short-acting bronchodilators. Persistent use of MITT was estimated using an algorithm that calculated
a duration for each prescription, based on the number of units (inhalations, puffs) prescribed in primary care and
the number of units that the patient was expected to take each day (numeric daily dose).11

Data Source
Data were obtained from the CPRD-GOLD database, which contains anonymized, longitudinal medical records of
patients registered with contributing primary care practices across the UK. Data were obtained from the database using
Vision electronic health record software. HES is a data warehouse containing details of all inpatient episodes of care
(including day cases), outpatient appointments, and Accident & Emergency attendances at National Health Service
(NHS) hospitals in England. Linkage of CPRD-GOLD data to HES was carried out by the Health and Social Care
Information Centre.

Data Analysis
Patient demographics and clinical characteristics (including past COPD medication use) were described in the 12 months
prior to the index date. Disease burden and healthcare utilization were evaluated in the 12 months prior to and after the
index date using the following measures: Medical Research Council (MRC) dyspnea scale (grade 1–5);12 GOLD grade of
airflow limitation (GOLD 1–4); GOLD 2017 COPD category (category A–D);8 number and severity of acute exacerba-
tions of COPD; number of hospitalizations and primary-care consultations.

COPD exacerbations were identified from the CPRD-GOLD database and HES based on a validated algorithm.13

According to the algorithm, COPD exacerbations in primary care were defined as the presence of a record for one of the
four following events: prescriptions for antibiotics and oral corticosteroids for a duration of 5 to 14 days each; presence of
respiratory symptoms (indicated by a medical code suggesting an increase in two or more of the following symptoms:
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dyspnea, cough, or sputum volume and/or purulence recorded on the same date) and a prescription for antibiotics and/or oral
corticosteroids on the same day; lower respiratory tract infection medical code; or an exacerbation-specific medical code.13

Linked HES-ACP data were used to identify exacerbations that were associated with a hospitalization, using
International Classification of Diseases (ICD)-10 codes. Exacerbations resulting in hospitalization (ie, recorded in
HES-ACP and/or CPRD-GOLD) were classified as severe, and exacerbations managed only in primary care (ie, only
recorded in CPRD-GOLD) were defined as moderate. A maximum of one hospitalization or primary-care encounter
was recorded per day to avoid multiple counting of the same events.

Results
Patient Baseline Demographics and Clinical Characteristics Prior to Index Date
We identified 25,350 patients with COPD who initiated a new therapy during the study period. Among these patients, the
therapy type initiated at index was as follows: ICS only, 10.2%; LAMA only, 21.9%; LABA only, 3.3%; ICS and LABA,
32.5%; ICS and LAMA, 1.4%; LABA and LAMA, 1.7%; and MITT, 28.9%. Of the total population, 8282 (51.5% male,
mean age 70.9 years) persisted with their newly prescribed maintenance therapy for ≥12 months without any changes and
were eligible for inclusion in the analysis presented here.

Baseline characteristics are shown in Table 1. Most patients were either ex-smokers (57.1%) or current smokers
(36.7%), and 61.5% of patients were overweight or obese. Prior to initiating the index maintenance therapy,
approximately two-thirds (63.4%) of patients had moderate or severe dyspnea, indicated by MRC score ≥3. During
the 12 months prior to index, 26.5% of patients were categorized as GOLD grade A (low exacerbation risk, low
symptom burden), 49.9% were GOLD grade B (low exacerbation risk, high symptom burden), 4.7% were GOLD
grade C (high exacerbation risk, low symptom burden), and 19.0% were GOLD grade D (high exacerbation risk, high
symptom burden). In total, 94.8% of patients with COPD had used a maintenance therapy in the 12 months prior to
the treatment initiated at index; the most frequently prescribed past therapies were short-acting bronchodilators (86.6%
of patients), ICS/LABA (45.6%), and MITT (40.7%).

COPD Maintenance Therapy
The most common therapy initiated was MITT with ICS, LAMA, and LABA (42.0%), followed by ICS/LABA (31.3%),
LAMA only (15.7%), ICS only (6.7%), LABA only (2.0%), LAMA/LABA (1.3%), and ICS/LAMA (1.1%) (Figure 2). In
the 12-month observation period, and among patients with available MRC score data, the proportion of patients with
moderate or severe dyspnea (MRC score ≥3) ranged from 23.4% in patients receiving ICS, to 69.3% in patients receiving
MITT (Table 2). Of the patients with available MRC score data, 40.9% of patients receiving ICS/LABA, and 46.7% of
patients receiving LAMA/LABA experienced moderate or severe dyspnea. Among patients receiving MITT, and with
available GOLD group data, 41.6% were categorized as GOLD group B (low exacerbation risk, high symptom burden) and
35.4% as GOLD group D (high exacerbation risk, high symptom burden) in the 12-month observation period (Table 2).

Incidence of Exacerbations
During the 12 months prior to index, 45.4% of patients experienced an exacerbation, with 6.0% of patients experien-
cing a severe exacerbation (Table 1). Among patients who initiated MITT, 58.8% experienced an exacerbation during
the 12-month pre-index period, with 9.5% experiencing a severe exacerbation. During the 12-month post-index period,
almost half of all patients (48.1%) experienced ≥1 exacerbation (Table 3). In total, 27.9% of patients had ≥2 moderate
or ≥1 severe exacerbation. Severe COPD exacerbations were experienced by 7.9% of patients. Of the patients who
were receiving MITT, 61.7% experienced a moderate or severe exacerbation during the 12 months of observation
(Table 3) and 12.7% experienced a severe exacerbation.

Healthcare Utilization
Most patients (54.9%) had ≥5 all-cause general practitioner (GP) visits during the 12-month observation period, irrespective of
their prescribed therapy (Figure 3). The mean number of nurse and physician visits during the 12-month observation period
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Table 1 Patient Demographics and Clinical Characteristics, Overall and by Maintenance Therapy Initiated

Overall ICS LAMA LABA ICS/LABA ICS/LAMA LAMA/LABA MITT

Total, n (%) 8282 (100.0) 558 (6.7) 1299 (15.7) 165 (2.0) 2588 (31.3) 92 (1.1) 105 (1.3) 3475 (42.0)

Male, n (%) 4267 (51.5) 257 (46.1) 722 (55.6) 77 (46.7) 1300 (50.2) 42 (45.7) 55 (52.4) 1814 (52.2)

Age, mean (SD) years 70.93 (10.2) 71.98 (11.2) 71.37 (9.6) 70.79 (9.8) 70.62 (11.0) 73.64 (9.7) 70.60 (10.2) 70.77 (9.6)

Smoking status, n (%)
Ex-smoker 4727 (57.1) 315 (56.6) 684 (52.7) 92 (56.1) 1415 (54.7) 55 (59.8) 56 (53.3) 2110 (60.8)

Never smoked 512 (6.2) 58 (10.4) 42 (3.2) 3 (1.8) 284 (11.0) 5 (5.4) 3 (2.9) 117 (3.4)

Current smoker 3036 (36.7) 184 (33.0) 573 (44.1) 69 (42.1) 886 (34.3) 32 (34.8) 46 (43.8) 1246 (35.9)

BMI, n (%)
Underweight (<18.5) 376 (4.7) 26 (4.8) 55 (4.3) 5 (3.2) 80 (3.2) 7 (7.7) 2 (2.0) 201 (6.0)

Normal (18.5 to <25.0) 2555 (31.8) 175 (32.4) 403 (31.8) 38 (24.2) 784 (31.4) 25 (27.5) 24 (23.8) 1106 (32.8)

Overweight (25.0 to <30.0) 2723 (33.9) 179 (33.2) 463 (36.5) 62 (39.5) 880 (35.3) 38 (41.8) 43 (42.6) 1058 (31.3)

Obese (≥30.0) 2374 (29.6) 160 (29.6) 347 (27.4) 52 (33.1) 751 (30.1) 21 (23.1) 32 (31.7) 1011 (30.0)

Moderate or severe dyspneaa,b,c, n (%) 4474 (63.4) 109 (39.4) 506 (45.6) 70 (48.6) 1098 (52.4) 48 (58.5) 64 (66.7) 2579 (79.4)

GOLD 2017 grade of airflow limitationa,c, n (%)
GOLD 1 304 (6.5) 23 (9.5) 56 (6.7) 8 (6.6) 91 (7.0) 5 (8.8) 5 (7.8) 116 (5.6)

GOLD 2 3090 (65.8) 191 (78.9) 631 (74.9) 98 (80.3) 936 (71.7) 46 (80.7) 44 (68.8) 1144 (55.4)

GOLD 3 1231 (26.2) 28 (11.6) 152 (18.1) 16 (13.1) 272 (20.8) 6 (10.5) 15 (23.4) 742 (35.9)

GOLD 4 73 (1.6) 0 3 (0.4) 0 7 (0.5) 0 0 63 (3.1)

GOLD 2017 groupa, n (%)
GOLD A 2192 (26.5) 152 (27.2) 538 (41.4) 68 (41.2) 870 (33.6) 29 (31.5) 28 (26.7) 507 (14.6)

GOLD B 4131 (49.9) 343 (61.5) 608 (46.81) 78 (47.3) 1255 (48.5) 55 (59.8) 68 (64.8) 1724 (49.6)

GOLD C 388 (4.7) 16 (2.9) 65 (5.0) 6 (3.6) 129 (5.0) 5 (5.4) 4 (3.8) 163 (4.7)

GOLD D 1571 (19.0) 47 (8.4) 88 (6.8) 13 (7.9) 334 (12.9) 3 (3.3) 5 (4.8) 1081 (31.1)

History of comorbidity, n (%)
Anxiety 1376 (16.6) 96 (17.2) 212 (16.3) 32 (19.4) 447 (17.3) 15 (16.3) 12 (11.4) 562 (16.2)

Depression 1166 (14.1) 60 (10.8) 178 (13.7) 27 (16.4) 357 (13.8) 14 (15.2) 16 (15.2) 514 (14.8)

Gastroesophageal reflux disease 1377 (16.6) 94 (16.9) 201 (15.5) 26 (15.8) 419 (16.2) 17 (18.5) 18 (17.1) 602 (17.3)

Herpes zoster 1047 (12.6) 63 (11.3) 174 (13.4) 22 (13.3) 326 (12.6) 11 (12.0) 11 (10.5) 440 (12.7)

Heart failure 485 (5.9) 25 (4.5) 76 (5.9) 8 (4.9) 124 (4.8) 5 (5.4) 4 (3.8) 243 (7.0)

Myocardial infarction 562 (6.8) 49 (8.8) 109 (8.4) 15 (9.1) 153 (5.9) 10 (10.9) 1 (1.0) 225 (6.5)

Stroke 350 (4.2) 26 (4.7) 56 (4.3) 5 (3.0) 110 (4.3) 0 4 (3.8) 149 (4.3)

Asthma 2010 (24.3) 219 (39.3) 77 (5.9) 17 (10.3) 936 (36.2) 21 (22.8) 6 (5.7) 734 (21.1)

Exacerbation history, n (%)
All 3761 (45.4) 155 (27.8) 424 (32.6) 62 (37.6) 1023 (39.5) 27 (29.3) 27 (25.7) 2043 (58.8)

Moderate 3543 (42.8) 145 (26.0) 391 (30.1) 61 (37.0) 974 (37.6) 27 (29.4) 26 (24.8) 1919 (55.2)

Severe 495 (6.0) 13 (2.3) 50 (3.9) 2 (1.2) 97 (3.8) 0 2 (1.9) 331 (9.5)

Notes: aAll variables were measured in the 12 months prior to initiation of inhaled maintenance therapy (index date). bPatients with MRC score ≥3. cPercentages are based on non-missing values.
Abbreviations: BMI, body mass index; ICS, inhaled corticosteroid; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist; MITT, multiple inhaler triple therapy.
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was 4.1 and 6.7, respectively. In the 12-month observation period, a large majority of patients (94.4%) did not have any
unplanned hospital admissions for COPD and 5.4% of patients had 1–2 unplanned admissions.

Discussion
This large observational study assessed patient demographics, clinical characteristics, disease burden, and healthcare utiliza-
tion over 12 months in a typical population of patients with COPD who initiated, and persisted on, a new inhaled maintenance
therapy in England. A large proportion of patients who were receiving monotherapy, dual therapies, or MITT continued to
experience COPD symptoms and exacerbations, despite persisting with the same treatment for ≥12 months. For example,
among patients receiving ICS/LABA, 44% experienced ≥1 moderate or severe exacerbation and 41% reported moderate/

Figure 2 Maintenance therapies prescribed at index.
Notes: Patients treated with ICS/LAMA (n = 92; 1.1%) are not included in this figure.
Abbreviations: ICS, inhaled corticosteroid; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist; MITT, multiple-inhaler triple therapy.

Table 2 Disease Burden in the 12-Month Post-Index Observation Period

Overall
n (%)

ICS
n (%)

LAMA
n (%)

ICS/LABA
n (%)

LAMA/LABA
n (%)

MITT
n (%)

Overall population 8282 (100) 558 (6.7) 1299 (15.7) 2588 (31.3) 105 (1.3) 3475 (42.0)

Moderate or severe
dyspneaa,b,c

4372 (52.8) 131 (23.4) 626 (48.2) 1058 (40.9) 49 (46.7) 2407 (69.3)

GOLD 2017 grade of
airflow limitationa,c

GOLD 1 316 (7.6) 28 (11.3) 49 (7.1) 90 (8.0) 4 (7.4) 141 (7.4)

GOLD 2 2680 (64.7) 190 (76.9) 527 (76.7) 811 (72.0) 38 (70.4) 1002 (52.9)

GOLD 3 1050 (25.3) 27 (10.9) 106 (15.4) 217 (19.3) 12 (22.2) 670 (35.4)
GOLD 4 98 (2.4) 2 (0.8) 5 (0.7) 9 (0.8) 0 82 (4.3)

GOLD 2017 groupa,d

GOLD A 2107 (30.4) 137 (46.9) 517 (43.0) 768 (38.2) 39 (42.4) 548 (17.5)
GOLD B 2832 (40.9) 111 (38.0) 522 (43.4) 778 (38.7) 40 (43.5) 1301 (41.6)

GOLD C 452 (6.5) 24 (8.2) 59 (4.9) 182 (9.1) 4 (4.3) 169 (5.4)

GOLD D 1540 (22.2) 20 (6.8) 104 (8.7) 281 (14.0) 9 (9.8) 1106 (35.4)

Notes: Patients treated with LABA monotherapy (2.0%) or ICS/LAMA (1.1%) are not included in this table. aAll variables were measured in the 12 months after initiation of
inhaled maintenance therapy (index date). bPatients with MRC score ≥3 (mMRC score ≥2). cPercentages are based on non-missing values: 30% of patients with missing MRC
and 47% with missing spirometry data. dDefined by 12-month exacerbation history after index date with MRC closest to index date.
Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease; ICS, inhaled corticosteroid; LABA, long-
acting β2-agonist; LAMA, long-acting muscarinic antagonist; MITT, multiple-inhaler triple therapy; (m)MRC, (modified) Medical Research Council.

https://doi.org/10.2147/COPD.S336158

DovePress

International Journal of Chronic Obstructive Pulmonary Disease 2022:17420

Sansbury et al Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 3 Exacerbation Events in the 12-Month Post-Index Observation Period

Overall
n (%)

ICS
n (%)

LAMA
n (%)

ICS/LABA
n (%)

LAMA/LABA
n (%)

MITT
n (%)

Overall population 8282 (100) 558 (6.7) 1299 (15.7) 2588 (31.3) 105 (1.3) 3475 (42.0)

Exacerbation events
(moderate or
severe)a

0 4299 (51.9) 388 (69.5) 888 (68.4) 1460 (56.4) 65 (61.9) 1332 (38.3)

1 1839 (22.2) 109 (19.5) 256 (19.7) 594 (23.0) 28 (26.7) 796 (22.9)
≥2 2144 (25.9) 61 (10.9) 155 (11.9) 534 (20.6) 12 (11.4) 1347 (38.8)

Any exacerbation 3983 (48.1) 170 (30.5) 411 (31.6) 1128 (43.6) 40 (38.1) 2143 (61.7)
Rate of moderate or
severe exacerbation
(95% CI)

1.01

(0.99, 1.03)

0.61

(0.57, 0.66)

0.80

(0.77, 0.84)

0.94

(0.91, 0.97)

0.80

(0.69, 0.93)

1.44

(1.40, 1.49)

≥2 moderate or ≥1
severe exacerbation

2313 (27.9) 66 (11.8) 174 (13.4) 579 (22.4) 14 (13.3) 1437 (41.4)

Severe exacerbationb 652 (7.9) 16 (2.9) 44 (3.4) 131 (5.1) 4 (3.8) 442 (12.7)
Rate of severe
exacerbation (95%
CI)

0.12

(0.11, 0.12)

0.05

(0.04, 0.06)

0.09

(0.08, 0.10)

0.10

(0.09, 0.11)

0.09

(0.06, 0.13)

0.18

(0.17, 0.20)

Notes: aAll variables were measured in the 12 months after initiation of inhaled maintenance therapy (index date). bSevere exacerbation event is defined by an exacerbation
resulting in hospitalization.
Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroid; LABA, long-acting β2-agonist; LAMA, long-acting
muscarinic antagonist; MITT, multiple-inhaler triple therapy.

Figure 3 General practitioner visits in the 12-month post-index observation period.
Notes: Patients treated with LABA monotherapy (n = 165; 2.0%) and ICS/LAMA (n = 92; 1.1%) are not included in this figure. All variables were measured in the 12 months
after initiation of inhaled maintenance therapy (index date). Percentages are based upon the number of patients (n) in each maintenance therapy group.
Abbreviations: GP, general practitioner; ICS, inhaled corticosteroid; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist; MITT, multiple-inhaler triple
therapy.
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severe dyspnea in the 12-month observation period. These results suggest that many patients with COPD who are receiving
mono or dual bronchodilator therapy may be suitable for more intensive treatment or treatment optimization, to maximize
bronchodilation and reduce the risk of future exacerbations. It is possible that these patients may have benefited from
a modified treatment strategy, for example initiation of inhaled triple therapy. Previous studies have found that use of multiple
inhalers is associated with a lack of treatment adherence or inhaler errors, which may be compounded if different devices are
used,14–16 which may explain our findings. These findings also indicate that an unmet need may still exist for some patients
with COPD who remain symptomatic despite receiving triple therapy. Additional therapies and disease management may be
required to fully control symptoms among patients in this group who wish to further escalate treatment. For some patients,
however, particularly those who are older or have many comorbidities, continued exacerbations and hospital admissions may
not represent avoidable outcomes which are amenable to prevention by escalation of inhaled treatment. In addition to
escalating treatment, other factors should be considered, such as inhalation technique, the suitability of the inhaler for the
individual and adherence to earlier treatment steps. Pulmonary rehabilitation is also a well-supported intervention for
symptomatic patients,17 which could be explored.

Nearly half (48.1%) of the patients in our study experienced ≥1 exacerbation in the 12 months after starting
a new maintenance therapy. Patients who initiated MITT, and persisted for 12 months, were more likely to
experience ≥1 exacerbation, compared with patients prescribed other maintenance therapies. However, this may be
explained by differences in COPD disease severity; patients starting MITT had higher disease burden in the pre-
index period (in terms of the GOLD grade of airflow limitation and GOLD COPD category) compared with patients
starting other therapies.

Most patients had ≥5 GP visits during the 12-month observation period, irrespective of the prescribed therapy. These
results demonstrate a continued high demand on the healthcare system despite persistence with a prescribed maintenance
therapy. A recent French observational study reported that among patients with COPD who persisted with a new therapy
for 12 months, 61.2% experienced an exacerbation (compared with 48.1% in our analysis).18 Symptom burden and direct
healthcare costs have also been previously assessed in UK patients who started long-acting bronchodilator therapy.
Overall, 40–50% of patients continued to experience breathlessness during the 24-month follow-up period, including
among treatment-adherent patients.6

Previous studies have demonstrated that long-term adherence to inhaled COPD therapy is associated with
improvements in clinical outcomes and reduced healthcare utilization.19–22 For example, in the Towards
a Revolution in COPD Health (TORCH) study, the impact of adherence to inhaled therapy on mortality and morbidity
was assessed in >8500 patients with moderate to severe COPD. Good adherence to therapy (defined as >80% of
inhaled doses taken over 3 years) was associated with a reduced risk of death (hazard ratio [HR]: 0.40; 95%
confidence interval [CI]: 0.35, 0.46; p < 0.001) and reduced hospital admissions due to exacerbations (rate ratio
[RR]: 0.56; 95% CI: 0.48, 0.65; p < 0.001) compared with poor adherence (≤80% of inhaled doses taken).22

Previous studies have reported low levels of treatment adherence and persistence among patients with COPD
in the UK23 and in other countries.24–26 Complex treatment regimens and the use of multiple inhalers are reported
to have a negative effect on treatment adherence in patients with COPD.26 In 2017, the European Medicines
Agency approved the first once-daily, single-inhaler triple therapy (SITT) consisting of fluticasone furoate/
umeclidinium/vilanterol (FF/UMEC/VI) as a long-term maintenance treatment for adult patients with moderate
to severe COPD.27 Two SITTs requiring twice-daily dosing have also been approved in Europe: beclomethasone/
formoterol/glycopyrronium bromide was approved in 2017,28 followed by budesonide/glycopyrronium bromide/
formoterol in 2020.29 The efficacy of SITT to provide COPD symptom control, reduce moderate/severe exacer-
bation rate, improve quality of life, and reduce all-cause mortality risk has been demonstrated in patients with
moderate to very severe COPD.30–37 In particular, significantly more patients in the INTREPID trial who were
treated with FF/UMEC/VI achieved health status improvement compared to those receiving non-ELLIPTA
MITT.38 These improvements could be attributed to improved adherence with SITT, and a resultant lack of
missed doses that is associated with the use of multiple inhalers. Patients with moderate to severe COPD who
require triple therapy may therefore benefit from switching to SITT, which has the potential to improve both
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adherence and outcomes.38–40 Indeed, in a recent study carried out in the USA, patients with COPD initiating
FF/UMEC/VI were found to have better adherence than those initiating MITT.14

A recent study using an economic model estimated that increased use of SITT in patients with moderate to severe
COPD would be associated with improved adherence, decreased exacerbation and mortality rates, and healthcare cost
savings.41 Future research investigating the suboptimal treatment of patients with COPD who experience persistent
symptoms and exacerbations is needed to address the limitations faced by healthcare professionals aiming to optimize
treatment according to current GOLD recommendations.

There are several strengths of this study that should be mentioned, including the large population size and longitudinal
design; medical records from over 8000 patients with COPD were analyzed over the study observation period. The study
used routinely captured primary care and hospital data from patients receiving treatment in a real-world setting, providing
a representative sample of patients with diagnosed COPD in England. In addition, it has previously been demonstrated that
the CPRD-GOLD database is broadly representative of the UK population with regards to age, gender, and sociodemo-
graphic status.42 A further strength of the study is that patient diagnosis of COPD was confirmed by FEV1/FVC data.

The study has a few limitations that should be mentioned. The CPRD-GOLD database only captures diseases
diagnosed or recorded in the primary care setting in the UK, and therefore the generalizability of the findings may be
limited outside of the UK. In addition, only patients from England were included in the analysis, as HES linkage was
only available for patients residing in England. However, despite this limitation, HES linkage allows identification of
severe COPD exacerbations. In addition, using CPRD data did not allow for investigation of non-medical COPD
treatments. Measures evaluated in the post-index observation period, such as MRC dyspnea scale score, were assessed
at +1 day from index. Although this may have been shortly after initiation of new therapy, these measures are generally
collected and recorded once a year during routine annual review and are likely to be distributed evenly through the year
of follow-up. Persistence with the same treatment for the 12-month study duration without the need to step-up to
additional therapies may indicate a healthier-than-average patient population, which could be a potential study limitation
if applying these findings to a broader context. Estimates of treatment patterns following hospitalization may be
underestimated, as medications prescribed to the patient while hospitalized may not be captured by the CPRD-GOLD
database (as this information would need to be sent back to the GP from the hospital). Misclassification of drug exposure
is a possible limitation because the CPRD-GOLD database provides information on prescribed, rather than dispensed,
medications. In addition, prescription of a medication does not guarantee that a patient is fully compliant with the
treatment regimen, which may impact treatment outcomes. Although this limitation is common to all maintenance
treatment arms in the analysis, patients using multiple devices are likely to be less adherent to therapy than those using
a single device. Finally, patients were required to have data captured in the database 12 months prior to, and after, the
index date. As a result, data from patients who died before contributing 12 months of follow-up would not have been
included in the analysis. Patients most likely to have been excluded due to this design constraint would have been those
with more severe COPD and/or more comorbidities and would likely have had poorer outcomes. This may have resulted
in an underestimation of the burden of COPD in these patients.

Conclusions
A large proportion of patients with COPD who were receiving monotherapy, dual therapies, or MITT continued to
experience symptoms and exacerbations, despite persisting with the same treatment for 12 months or more and being
seen by healthcare professionals. Our results suggest that many patients with COPD on mono or dual therapy who wish
to escalate their treatment may be suitable for treatment modification according to GOLD COPD recommendations, to
better control symptoms and reduce the risk of future exacerbations.

Abbreviations
BMI, body mass index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; CPRD-GOLD,
Clinical Practice Research Database – GP OnLine Data; FEV1, forced expiratory volume in 1 second; FF,
fluticasone furoate; FVC, forced vital capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease;
GP, general practitioner; HES, Hospital Episode Statistics; HES-APC, Hospital Episode Statistics Admitted Patient
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acting β2-agonist; LAMA, long-acting muscarinic antagonist; MITT, multiple-inhaler triple therapy; mMRC, (mod-
ified) Medical Research Council; NHS, National Health Service; NICE, National Institute for Health and Care
Excellence; RR, rate ratio; SITT, single-inhaler triple therapy; TORCH, Towards a Revolution in COPD Health;
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