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Purpose: To assess if early multiple-inhaler triple therapy (MITT) initiation in patients with 
chronic obstructive pulmonary disease (COPD) reduces subsequent healthcare resource 
utilization (HCRU), direct medical costs, and acute exacerbations of COPD (AECOPDs).
Patients and Methods: This retrospective, longitudinal cohort study used electronic health 
records and linked hospital administrative data in England. COPD patients with an AECOPD 
between July 2012 and May 2016 (index), and who subsequently started MITT within 
180 days were eligible. Patients with an AECOPD 6 months prior to index were excluded. 
HCRU, direct healthcare costs, and AECOPDs were assessed in the following 24-month 
period for early (≤30 days) and delayed (31–180 days) MITT initiators.
Results: A total of 934 patients were included in the analysis and categorized as early 
(n=367, 39%) or delayed (n=567, 61%) MITT initiators. Mean patient age was 68.5 years 
and 53.2% were male. A significantly higher proportion of delayed MITT initiators required 
≥1 outpatient appointment (all-cause) compared with early MITT initiators (87% vs 79%; 
p=0.0016). A significantly higher proportion of delayed MITT initiators required 
≥1 COPD-related inpatient stay versus early MITT initiators (47% vs 40%; p=0.0262). 
Over the 24-month follow-up, mean all-cause and COPD-related total healthcare costs 
were significantly higher in delayed MITT initiators compared with early MITT initiators 
(all-cause: £11,348 vs £8126; p=0.0011; COPD-related: £7307 vs £4535; p=0.0009).
Conclusion: Delayed initiation of multiple-inhaler triple therapy was associated with higher 
all-cause and COPD-related costs, suggesting that earlier initiation of triple therapy in COPD 
patients may help reduce the economic burden on the healthcare system.
Keywords: chronic obstructive pulmonary disease, England, exacerbation, healthcare 
utilization, multiple-inhaler triple therapy, triple therapy

Introduction
Chronic obstructive pulmonary disease (COPD) is a leading cause of morbidity and 
mortality worldwide. In the United Kingdom (UK), COPD is the second most 
prevalent lung disease, with approximately 1.8‒2% of the population in England 
and Scotland (>1 million people) estimated to have been diagnosed with the 
disease.1,2 Exacerbations are a key clinical feature of COPD, defined as an acute 
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increase in the severity of symptoms, such as dyspnea, 
coughing, and wheezing, that result in additional 
treatment.3 While acute exacerbations of COPD 
(AECOPDs) have a substantial impact on patients’ quality 
of life, they also have a considerable economic burden.2 

According to National Health Services (NHS) Digital sta-
tistics, over 130,000 patients with a COPD diagnosis code 
were admitted into hospital in England in 2019–2020.4 

Each year in the UK, COPD costs the NHS approximately 
£1.9 billion, which constitutes 29% of the total cost of 
respiratory illness, second only to asthma (£3 billion).2

With multiple classes of drugs now available for the 
pharmacological treatment of COPD in the UK, there are 
numerous maintenance therapy options available to clin-
icians to prevent future AECOPDs. These include inhaled 
corticosteroids (ICS), long-acting beta agonists (LABAs) 
and long-acting muscarinic antagonists (LAMAs). Both 
the Global Initiative for Chronic Obstructive Lung 
Disease (GOLD) and UK National Institute for Health 
and Care Excellence (NICE) guidelines recommend that 
triple therapy with ICS/LAMA/LABA should be initiated 
in patients who continue to experience symptoms 
and remain at risk of AECOPD despite receiving dual 
therapy with LAMA/LABA or ICS/LABA.3,5 

Historically, patients received triple therapy via multiple 
inhalers (multiple-inhaler triple therapy; MITT). In 2017, 
the first once-daily, single-inhaler triple therapy (SITT; 
fluticasone furoate/umeclidinium/vilanterol) was approved 
by the European Medicines Agency (EMA) as a long-term 
maintenance treatment for patients with COPD.6 Two 
other SITTs are approved by the EMA; beclomethasone/ 
formoterol/glycopyrronium bromide was approved in 
2017,7 and formoterol/glycopyrronium bromide/budeso-
nide in 2020,8 both of which require twice-daily dosing.

Previous real-world studies suggest that patients with 
COPD do not always receive appropriate therapy.9–11 

A study of more than 20,000 patients with COPD treated 
in UK primary care found that many patients were not 
treated in line with GOLD recommendations; 28% of 
patients received no pharmacological treatment, despite 
experiencing AECOPDs.9 Another study of patients trea-
ted in UK primary care included 4000 newly diagnosed 
COPD patients without a history of exacerbation; nearly 
half of the patients received an ICS-containing therapy, 
despite GOLD guidelines recommending that ICS treat-
ment should be reserved for exacerbating patients.10 

A similar study examined prescribing patterns in a cohort 
of nearly 25,000 patients with COPD in a UK primary care 

setting. The analysis showed that COPD management was 
often not in line with NICE or GOLD guidelines; 
a substantial percentage of patients with risk of 
AECOPD or who were symptomatic did not receive any 
treatment, and ICS were frequently prescribed without 
airflow limitation severity, AECOPD history, and asthma 
diagnosis being taken into consideration.11 These findings 
highlight a need to address the timing of treatment initia-
tion within the COPD care pathway. This will ensure that 
patients receive the most appropriate therapy at the right 
time, optimizing patient outcomes and reducing burden on 
healthcare systems.

A small number of real-world studies have been carried 
out in Spain and the United States to investigate if the 
timing of triple therapy initiation affects the risk of future 
AECOPDs, and their associated costs.12,13 This study 
aimed to assess if earlier initiation of MITT with ICS/ 
LAMA/LABA in exacerbating patients reduces subse-
quent healthcare resource utilization (HCRU), direct med-
ical costs, and AECOPDs in England.

Patients and Methods
Study Design
This was a retrospective, longitudinal cohort study per-
formed using data from the Clinical Practice Research 
Datalink GOLD (CPRD-GOLD) primary care database. 
CPRD-GOLD is a longitudinal, anonymized research data-
base derived from over 940 primary care practices cover-
ing >19 million patients,14 which contains data on all 
recorded patient interactions within the primary care set-
ting for participating practices. This includes patient 
demographics, symptoms and diagnoses, prescriptions 
issued in primary care, referrals to specialists and second-
ary care, immunizations, tests performed, and lifestyle 
information.15

The CPRD-GOLD database is linked to secondary care 
records from the Hospital Episode Statistics (HES) database. 
HES is a data warehouse of information relating to all 
inpatient admissions, outpatient attendances, and Accident 
& Emergency (A&E) admissions at NHS hospitals in 
England,16 which contains data on all patient interactions 
relating to the hospital environment.17 It captures data on 
basic patient demographics, diagnoses, surgeries/procedures, 
and administrative information (including dates and methods 
of admission/discharge and waiting times). The use of linked 
CPRD/HES data was approved by the CPRD Independent 
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Scientific Advisory Committee (ISAC protocol number 
19_046; approved 12-Mar-2019).

The study design is shown in Figure 1. Patients who 
had a moderate-to-severe AECOPD (index date) 
between July 2012 and May 2016 with subsequent 
MITT initiation within 180 days were included in the 
study. The earliest AECOPD within the indexing per-
iod was considered the index date. MITT initiation was 
defined as the first day on which there was any overlap 
of an ICS, LABA, and LAMA (in two or three 
devices).

Study Population
The study cohort included patients aged ≥35 years at 
index, with a diagnosis of COPD identified by 
International Classification of Diseases (ICD)-10 or Read 
code (Supplementary Table 1) in the 12 months prior to 
index, and who were continuously registered with 
a general practitioner (GP) throughout the period of obser-
vation (ie, 12 months of data available prior to the index 
date, and 24 months of data available following MITT 
initiation). Eligible patients also had a 6-month AECOPD- 
free period prior to the index date and no prescription 
history for MITT in the 12-month period prior to indexing 
(ie, MITT naïve). Patients were excluded from the study if 
they had any record of specific conditions within the study 

period (for example, lung transplant, cystic fibrosis, 
bronchiectasis).

The timing of MITT prescription following index was 
used to define two study groups: an early cohort (prescrip-
tion ≤30 days from the index date) and a delayed cohort 
(31‒180 days from the index date). Patients were observed 
for study outcomes from the date of MITT initiation for 
24 months (follow-up period).

Demographic and Clinical Variables
The following demographic and clinical variables were 
assessed in the 12 months prior to index (ie, at base-
line), in order to describe the study cohort: age, sex, 
Strategic Health Authority of GP practice (region), body 
mass index, Charlson Comorbidity Index (CCI), specific 
comorbidities (such as depression, anxiety, gastroeso-
phageal reflux disease, acute myocardial infarction, con-
gestive heart failure, stroke, herpes zoster, and 
hypertension), current asthma diagnosis, Medical 
Research Council (MRC) dyspnea (Grades 1‒5), 
COPD GOLD grade (A, B, C, or D), maintenance ther-
apy prescribed, and smoking status (current smoker, 
former smoker, non-smoker, unknown). Where more 
than one record existed, the record closest to the index 
date was used.

Figure 1 Study design. 
Abbreviation: MITT, multiple-inhaler triple therapy.
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Outcomes
Healthcare Resource Utilization and Costs
All-cause and COPD-related HCRU including medication 
use, GP appointments, outpatient appointments, A&E 
admissions, and hospitalizations were assessed in the 12 
and 24 months following MITT initiation. Prescriptions 
for COPD medications (short-acting bronchodilators 
[SABD], ICS, LABA, LAMA, ICS/LABA, and LAMA/ 
LABA) were considered COPD-related. GP consultations 
with a Read code for COPD or a prescription for a COPD 
treatment recorded on the same day were classified as 
COPD-related. Outpatient appointments within the respira-
tory medicine (Read code 340), respiratory physiology 
(Read code 341), or programmed pulmonary rehabilitation 
(Read code 342) departments, and hospitalizations, with 
a primary or secondary diagnosis code for COPD were 
classified as COPD-related.

Direct medical costs were quantified via the application 
of appropriate English-specific sources of unit cost data for 
each resource use. This included the 2018 Personal Social 
Services Research Unit (PSSRU) “costs of health and 
social care” document18 to calculate consultation costs, 
the NHS prescription services drug tariff19 to calculate 
medication costs and the 2017/2018 HRG4+ Local 
Payment Grouper to calculate secondary care costs.20

Exacerbations
AECOPD events were assessed in the 12 and 24 months 
following MITT initiation date.

AECOPDs were defined using a previously validated 
algorithm.21 Moderate AECOPDs were defined by the pre-
sence of an event for one of the four following reasons: 1) 
those requiring prescriptions for both antibiotics and oral 
corticosteroids (irrespective of cause) on the same date for 
5‒14 days each; 2) presence of ≥2 worsening respiratory 
symptoms (eg, cough, breathlessness, sputum, and/or puru-
lence), and a prescription for antibiotics or oral corticoster-
oids (or both) on the same date; 3) lower respiratory tract 
infection medical code; and/or 4) AECOPD-specific medical 
code. Severe AECOPDs were those requiring hospital 
admission, identified via HES using ICD-10 codes. 
Exacerbation events occurring within 14 days of a prior 
event were assumed to be part of the same exacerbation 
episode, and the episode end date adjusted accordingly. 
A 14-day period free of exacerbation events was applied to 
distinguish between distinct exacerbation episodes and 
ensure that a relapse was not categorized as a separate 
episode. Exacerbation episodes encompassing both 

moderate and severe exacerbation events were graded as 
severe, ie, the worst severity was assumed.

Statistical Analysis
HCRU and associated direct medical costs (all-cause and 
COPD-related), and the number of subsequent AECOPDs, 
following MITT initiation were reported separately for 12 
and 24 months following index, and split by early versus 
delayed initiators. For nominal variables, results were pre-
sented as frequency and percentage. For numeric vari-
ables, results were presented as mean and standard 
deviation (SD). Statistical significance between MITT 
initiation subgroups was assessed using a t-test for 
numeric outcomes and Fisher’s exact or a Chi-squared 
test for nominal outcomes. All tests were two-sided in 
nature and a significance level of p<0.05 was used, and 
no adjustments for multiple testing were applied.

Results
A total of 117,540 patients with COPD were extracted 
from the CPRD-GOLD database who were eligible for 
linkage to HES data. Of the 68,955 (59%) patients with 
at least one moderate-to-severe AECOPD, 11,025 (16%) 
initiated MITT within 180 days of the index AECOPD and 
had a COPD diagnosis in the 12 months prior to, or on the 
date of, index. Of these patients, 934 (0.8% of the initial 
extract) met the study criteria and were included in this 
analysis (Figure 2). These patients were further subcate-
gorized as early (n=367; 39%) or delayed (n=567; 61%) 
MITT initiators.

Baseline demographics and clinical characteristics are 
presented in Table 1. The mean age at index was 
68.5 years and 53.2% of the study cohort were male. The 
mean (SD) CCI score was 0.8 (1.2). The most frequently 
reported co-morbidities were hypertension (14.5%) and 
acute myocardial infarction (3.1%). Most patients had 
a GOLD grade of A or B (A: 36.9%; B: 34.8%) and the 
most frequently prescribed maintenance therapies during 
baseline were SABDs (84.2%), ICS/LABA (51.6%), and 
LAMA (41.9%). There were no significant differences in 
smoking status between the two groups (p=0.0881).

For the majority of characteristics, there were no signifi-
cant differences between the early and delayed MITT initiated 
subgroups. However, significantly more patients in the 
delayed subgroup reported hypertension compared with the 
early subgroup (16.8% vs 10.9%; p=0.0133), and there were 
significantly more patients with GOLD grade D in the delayed 
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initiators versus the early initiators (18.4% vs 9.8%; p=0.0344 
[p-value applies to the comparison of all GOLD grades]).

HCRU
Regarding HCRU in the first 12 months following MITT 
initiation, the number of patients requiring at least one 
outpatient appointment (all-cause) was higher in the 
delayed MITT initiators compared with early MITT initia-
tors (76% vs 69%; p=0.0189). A higher proportion of 

delayed MITT initiators also required at least one inpatient 
stay (all-cause) compared with early MITT initiators (40% 
vs 34%; p=0.0381). Delayed initiators had a lower mean 
number of COPD-related GP consultations compared with 
early MITT initiators (1.4 vs 1.6; p=0.0295) (Table 2).

All-cause HCRU in the 24 months following MITT 
initiation was numerically higher for delayed MITT initia-
tors compared with early MITT initiators across all types 
of HCRU recorded, but in most cases statistical 

Aged 35 years or over

.

Figure 2 Consort diagram for study sample. 
Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease; MITT, multiple-inhaler triple therapy.
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Table 1 Baseline Demographics and Clinical Characteristics of Study Cohort

Overall (N=934) Early (n=367) Delayed (n=567) p-value

Index year, n (%)
2011 305 (32.7) 102 (27.8) 203 (35.8) 0.1160

2012 354 (37.9) 149 (40.6) 205 (36.2)

2013 152 (16.3) 61 (16.6) 91 (16.0)
2014 88 (9.4) 38 (10.4) 50 (8.8)

2015 35 (3.7) 17 (4.6) 18 (3.2)

Age (years) at index, mean (SD) 68.5 (10.9) 68.0 (11.3) 68.9 (10.7) 0.2228

Male, n (%) 497 (53.2) 206 (56.1) 291 (51.3) 0.1589

Region, n (%)
North West 203 (21.7) 82 (22.3) 121 (21.3) 0.8202

South East Coast 175 (18.7) 66 (18.0) 109 (19.2)

South Central 125 (13.4) 47 (12.8) 78 (13.8)
London 123 (13.2) 41 (11.2) 82 (14.5)

West Midlands 112 (12.0) 46 (12.5) 66 (11.6)

South West 95 (10.2) 43 (11.7) 52 (9.2)
East of England 56 (6.0) 24 (6.5) 32 (5.6)

Yorkshire & The Humber 27 (2.9) 10 (2.7) 17 (3.0)

North East 18 (1.9) 8 (2.2) 10 (1.8)

Ethnicity, n (%)

White 893 (95.6) 350 (95.4) 543 (95.8) 0.3660
Black, Asian, and minority ethnic 19 (2.0) 7 (1.9) 12 (2.1)

Unknown 22 (2.4) 10 (2.7) 12 (2.1)

Smoking status, n (%)

Current smoker 391 (41.9) 141 (38.4) 250 (44.1) 0.0881

Former smoker 389 (41.6) 153 (41.7) 236 (41.6)
Non-smoker 51 (5.5) 22 (6.0) 29 (5.1)

Unknown 103 (11.0) 51 (13.9) 52 (9.2)

Body mass index (kg/m2)

n 839 328 511 0.9330

Mean (SD) 27.5 (6.3) 27.4 (6.5) 27.5 (6.2)
Categorized, n (%)

Underweight (<18.5) 49 (5.8) 19 (5.8) 30 (5.9) 0.9981

Normal (18.5 to <25.0) 262 (31.2) 102 (31.1) 160 (31.3)
Overweight (25.0 to <30.0) 273 (32.5) 108 (32.9) 165 (32.3)

Obese (>30.0) 255 (30.4) 99 (30.2) 156 (30.5)

Charlson Comorbidity Index

Mean (SD) 0.8 (1.2) 0.8 (1.1) 0.8 (1.2) 0.5361

Categorized, n (%)
0 432 (46.3) 171 (46.6) 261 (46.0) 0.9179

1–2 417 (44.6) 163 (44.4) 254 (44.8)

3–4 69 (7.4) 28 (7.6) 41 (7.2)
5+ 16 (1.7) 5 (1.4) 11 (1.9)

Comorbidities, n (%)a

Hypertension 135 (14.5) 40 (10.9) 95 (16.8) 0.0133

Acute myocardial infarction 29 (3.1) 10 (2.7) 19 (3.4) 0.7007
Gastroesophageal reflux disease 26 (2.8) 8 (2.2) 18 (3.2) 0.4207

Congestive heart failure 20 (2.1) 7 (1.9) 13 (2.3) 0.8187

(Continued)
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significance was not reached (Table 2). A significantly 
higher proportion of delayed MITT initiators required at 
least one outpatient appointment compared with early 
MITT initiators (87% vs 78%; p=0.0016). Similar trends 
were observed for COPD-related HCRU, with the excep-
tion of mean number of GP consultations (delayed: 2.5; 
early: 2.7; p=0.1532). The mean number of COPD-related 
inpatient stays was significantly higher for delayed MITT 
initiators versus early MITT initiators (2.0 vs 1.4; 
p=0.0045), with a higher proportion of delayed MITT 
initiators requiring at least one inpatient stay (47% vs 
40%; p=0.0262).

Costs
The mean cost per patient in the first 12 months following 
MITT initiation was £3031 for the entire study cohort. 
Mean all-cause and COPD-related costs were significantly 
higher for delayed MITT initiators compared with early 

MITT initiators (all-cause: £5541 vs £4190; p=0.0220; 
COPD-related: £3491 vs £2321; p=0.0183) (Figure 3A). 
All individual components of all-cause costs were numeri-
cally higher for delayed MITT initiators compared with 
early MITT initiators. Costs associated with all-cause 
related inpatient stays were significantly different between 
patient subgroups (delayed: £3043; early: £1935; 
p=0.038), with inpatient stays accounting for approxi-
mately half of total costs on average (delayed: 55%; 
early: 46%). Costs associated with COPD-related inpatient 
stays also differed significantly between patient subgroups 
(delayed: £2637; early: £1470; p=0.0174) and accounted 
for >60% of COPD-related total costs (delayed: 76%; 
early: 63%).

Similar results were observed in the 24 months follow-
ing MITT initiation (Figure 3B). Mean all-cause total 
direct healthcare costs were significantly higher for 
delayed MITT initiators compared with early MITT 

Table 1 (Continued). 

Overall (N=934) Early (n=367) Delayed (n=567) p-value

Anxiety 18 (1.9) 7 (1.9) 11 (1.9) >0.999

Depression 15 (1.6) 5 (1.4) 10 (1.8) 0.7920

Stroke 14 (1.5) 5 (1.4) 9 (1.6) >0.999

Asthma diagnosis, n (%) 213 (22.8) 88 (24.0) 125 (22.0) 0.5232

Medical Research Council dyspnea, 

n (%)

n 629 244 385 0.4604
Grade 1 57 (9.1) 19 (7.8) 38 (9.9)

Grade 2 258 (41.0) 110 (45.1) 148 (38.4)

Grade 3 196 (31.2) 72 (29.5) 124 (32.2)
Grade 4 100 (15.9) 38 (15.6) 62 (16.1)

Grade 5 18 (2.9) 5 (2.0) 13 (3.4)

GOLD grade, n (%)

n 629 244 385 0.0344

A 232 (36.9) 95 (38.9) 137 (35.6)
B 219 (34.8) 91 (37.3) 128 (33.2)

C 83 (13.2) 34 (13.9) 49 (12.7)

D 95 (15.1) 24 (9.8) 71 (18.4)

Maintenance therapy, n (%)

SABD 786 (84.2) 316 (86.1) 470 (82.9) 0.2000
ICS/LABAb 482 (51.6) 233 (63.5) 249 (43.9) <0.0001

LAMA 391 (41.9) 211 (57.5) 180 (31.7) <0.0001

ICS 150 (16.1) 57 (15.5) 93 (16.4) 0.7844
LABA 96 (10.3) 39 (10.6) 57 (10.1) 0.8256

None 77 (8.2) 26 (7.1) 51 (9.0) 0.3312

Note: aOnly comorbidities pre-specified for assessment in this study and occurring in ≥5 patients in each group are reported. bIncludes ICS/LABA in one or two devices. 
Abbreviations: GOLD, Global Initiative for Chronic Obstructive Lung Disease; ICS, inhaled corticosteroids; LABA, long-acting beta agonist; LAMA, long-acting muscarinic 
antagonist; SABD, short-acting bronchodilator; SD, standard deviation.
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initiators (£11,348 vs £8126; p=0.0011). All individual 
components of cost were numerically higher for the 
delayed MITT initiators. Costs differed significantly 

between the patient subgroups for all-cause A&E visits 
(delayed: £704; early: £529; p=0.0498) and inpatient stays 
(delayed: £6402; early: £3768; p=0.0025). Inpatient stays 

Table 2 All-Cause and COPD-Related HCRU in the 12 and 24 Months Following MITT Initiation for Early (≤30 Days) versus Delayed 
(31–180 Days) MITT Initiators

12 Months 24 Months

Early (n=367) Delayed (n=567) p-value Early (n=367) Delayed (n=567) p-value

All-Cause

Number of GP prescriptions

Resource users, n (%) 367 (100.0) 567 (100.0) >0.999 367 (100.0) 567 (100.0) >0.999
Mean (SD) 93.1 (81.3) 100.2 (86.1) 0.2108 188.3 (160.7) 205.3 (177.9) 0.1405

Number of GP consultations
Resource users, n (%) 367 (100.0) 567 (100.0) >0.999 367 (100.0) 567 (100.0) >0.999

Mean (SD) 15.9 (11.4) 17.0 (12.2) 0.1688 30.2 (21.1) 32.3 (21.2) 0.1361

Number of outpatient appointments

Resource users, n (%) 254 (69.20) 432 (76.2) 0.0189 288 (78.5) 491 (86.6) 0.0016

Mean (SD) 4.9 (8.6) 5.3 (7.9) 0.4320 9.7 (15.6) 10.3 (12.5) 0.5357

Number of A&E attendances

Resource users, n (%) 117 (31.9) 179 (31.6) 0.9427 174 (47.4) 281 (49.6) 0.5466
Mean (SD) 0.6 (1.2) 0.6 (1.2) 0.5207 1.1 (2.0) 1.3 (2.2) 0.0529

Number of inpatient stays
Resource users, n (%) 123 (33.5) 229 (40.4) 0.0381 187 (51.0) 325 (57.3) 0.0596

Mean (SD) 0.9 (2.2) 1.5 (7.0) 0.1114 1.9 (3.6) 3.1 (13.8) 0.0904

Cumulative LoS (in days) as an inpatient

Mean (SD) 5.1 (22.6) 8.8 (32.1) 0.0551 12.7 (54.0) 20.3 (63.8) 0.0628

COPD-Related

Number of GP prescriptions

Resource users, n (%) 367 (100.0) 567 (100.0) >0.999 367 (100.0) 567 (100.0) >0.999

Mean (SD) 24.4 (11.3) 25.4 (11.7) 0.1624 46.6 (22.4) 48.8 (22.6) 0.1379

Number of GP consultations

Resource users, n (%) 284 (77.4) 401 (70.7) 0.0279 322 (87.7) 477 (84.1) 0.1287
Mean (SD) 1.6 (1.4) 1.4 (1.3) 0.0295 2.7 (2.1) 2.5 (2.1) 0.1532

Number of outpatient appointments
Resource users, n (%) 92 (25.1) 147 (25.9) 0.8179 120 (32.7) 185 (32.6) >0.999

Mean (SD) 0.8 (2.2) 0.7 (1.9) 0.6927 1.3 (3.3) 1.3 (3.1) 0.7413

Number of A&E attendances

Resource users, n (%) 5 (1.4) 9 (1.6) >0.999 9 (2.5) 18 (3.2) 0.5564

Mean (SD) 0.0 (0.2) 0.0 (0.1) 0.5938 0.0 (0.4) 0.1 (0.4) 0.8287

Number of inpatient stays

Resource users, n (%) 88 (24.0) 177 (31.2) 0.0174 145 (39.5) 266 (46.9) 0.0262
Mean (SD) 0.7 (1.9) 1.0 (2.2) 0.0366 1.4 (2.9) 2.0 (3.8) 0.0045

Cumulative LoS (in days) as an inpatient
Mean (SD) 4.1 (19.2) 7.4 (30.5) 0.0610 11 (52.1) 17.7 (59.2) 0.0768

Abbreviations: A&E, Accident & Emergency; COPD, chronic obstructive pulmonary disease; GP, general practitioner; HCRU, healthcare resource utilization; LoS, length of 
stay; MITT, multiple-inhaler triple therapy; SD, standard deviation.
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accounted for approximately half of the total costs on 
average (delayed: 56%; early: 46%).

Mean COPD-related direct healthcare costs were also 
significantly higher for delayed MITT initiators compared 
with early initiators at 24 months (£7307 vs £4535; 
p=0.0009). The costs associated with COPD-related inpa-
tient stays was significantly higher for the delayed MITT 
initiators (£5702 vs £2977; p=0.0009) and accounted for 
over two-thirds of the COPD-related total costs in delayed 
MITT initiators (78%).

Exacerbations
In the first 12 months following MITT initiation, the mean 
number of moderate-to-severe AECOPDs was higher for the 
early MITT initiators compared with the delayed MITT 
initiators, but statistical significance was not reached (1.5 
vs 1.4) (Table 3). A similar result was observed for the 
moderate only AECOPDs (1.4 vs 1.2). There was no differ-
ence observed between the mean number of severe 
AECOPDs in early versus delayed MITT initiators.

In the 24 months following MITT initiation, the mean 
number of moderate-to-severe AECOPDs was higher for 
the delayed MITT initiators compared with the early MITT 
initiators (2.9 vs 2.6), but statistical significance was not 
reached. A similar trend was observed for moderate only 
(2.6 vs 2.4) and severe AECOPDs (0.3 vs 0.2) (Table 3).

Discussion
This is the first study conducted in England to determine if 
early versus delayed initiation of MITT is associated with 
reduced HCRU and direct medical costs in patients who 
experienced a recent AECOPD. The frequency of future 
AECOPDs in relation to the timing of MITT initiation was 
also examined. The study showed that MITT initiation within 
30 days of an AECOPD led to lower all-cause and COPD- 
related direct costs compared with delayed MITT initiation 
(31–180 days). The mean difference in all-cause and COPD- 
related total direct costs between early and delayed MITT 
initiators in the 24 months following MITT initiation was 
substantial (£3222 vs £2772 per patient, respectively), with 
inpatient length of stay being the main driver of these differ-
ences. Limited differences were observed in other elements 
of HCRU evaluated, and in the frequency of AECOPDs, after 
initiating MITT. However, it should be noted that there were 
significantly more delayed initiators categorized as GOLD 
grade D compared with early initiators, which could account 
for some of the differences observed.

The mean cost per patient in the first 12 months follow-
ing MITT initiation was £3031 for the entire study cohort. 
This result is comparable to an earlier retrospective cohort 
study of CPRD data from UK patients that estimated the 
annual cost of COPD management to be £2108 per patient, 
excluding medication costs.22 Our findings also reflect 

BA

Figure 3 All-cause and COPD-related direct healthcare costs following MITT initiation in early (≤30 days) versus delayed (31–180 days) MITT initiators, at (A) 12 months 
and (B) 24 months, following MITT initiation. 
Notes: Early versus delayed MITT initiators: *p<0.05; **p<0.01; ***p<0.001. 
Abbreviations: A&E, Accident & Emergency; COPD, chronic obstructive pulmonary disease; GP, general practitioner; MITT, multiple-inhaler triple therapy.
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those reported in other recent studies. A study performed in 
the United States reported total costs in the first 12 months 
of follow-up were higher in COPD patients who delayed 
triple therapy compared with patients who started triple 
therapy early.12 A Spanish study reported that early MITT 
initiation following an AECOPD that required hospital 
intervention resulted in lower HCRU, AECOPD rates, and 
COPD-related direct costs in the first 12 months of follow- 
up compared with delayed MITT initiation.13 Additionally, 
an observational study in Canada reported an increase in 
exacerbations, emergency room visits, and concomitant 
medication use in COPD patients who were not escalated 
to triple therapy following an exacerbation, compared with 
those who were.23 Other studies have also reported reduced 
mortality (all-cause and respiratory-related) and hospital 

admissions for patients treated with triple therapy versus 
ICS/LABA, and suggest that earlier initiation of any treat-
ment, not just MITT, may have beneficial effects.24,25 It 
should, however, be noted that ICS-containing treatments 
are associated with an increased risk of pneumonia among 
COPD patients with severe disease and/or a history of 
exacerbation.26–28 Although an increased risk of pneumonia 
has not been observed among COPD patients with moderate 
airflow limitation,29 physicians should remain aware of this 
possible side effect in all COPD patients receiving triple 
therapy. Due to the risks associated with ICS use, current 
COPD treatment guidelines recommend taking blood eosi-
nophil counts into consideration when deciding to initiate 
ICS treatment in combination with a LABA and/or 
LAMA.3 As the current study was conducted prior to the 

Table 3 Frequency of Exacerbations in the 12 and 24 Months Following MITT Initiation for Early (≤30 Days) versus Delayed (31–180 Days) 
MITT Initiators

12 Months 24 Months

Early (n=367) Delayed (n=567) p-value Early (n=367) Delayed (n=567) p-value

Moderate-to-severe exacerbation
Mean number 1.5 1.4 0.1872 2.6 2.9 0.2583

Frequency, %
0 29 45 <0.0001 22 31 0.0010
1 38 23 24 18

2 13 12 17 12

3 8 8 13 10
4 5 4 5 7

5+ 7 8 18 23

Moderate only exacerbation

Mean number 1.4 1.2 0.0970 2.4 2.6 0.3950

Frequency, %
0 32 48 <0.0001 25 35 0.0005

1 36 23 25 18

2 15 12 16 12
3 7 7 11 8

4 4 3 4 7

5+ 6 6 16 21

Severe only exacerbation
Mean number 0.1 0.1 0.3432 0.2 0.3 0.1756

Frequency, %
0 92 90 0.6716 85 83 0.4607
1 6 7 10 11

2 1 2 4 3

3 1 1 1 2
4 1 1 0 1

5+ 0 0 1 1

Abbreviation: MITT, multiple-inhaler triple therapy.
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inclusion of this recommendation in treatment guidelines, it 
is likely that blood eosinophil counts were not considered 
when initiating MITT in our study.

In line with the 2020 GOLD recommendations3 and NICE 
guidelines,5 the use of triple therapy is becoming increasingly 
important in UK clinical practice. A retrospective cohort study 
of COPD patients in the UK found that 23% of patients 
received initial treatment with MITT, and almost half of 
patients who initially received a LAMA or LABA went on to 
receive triple therapy within the next 2 years.30 As such, it is 
key that triple therapy is initiated at the correct time in the 
treatment pathway. The authors of the aforementioned Spanish 
study noted the importance of understanding the drivers in 
escalation to triple therapy. As in the current study, the study 
population included patients with COPD experiencing an 
AECOPD, and as such, the AECOPD was the driver of 
MITT initiation.13 As we have shown, this led to beneficial 
effects in terms of reduced HCRU and costs when treatment 
was given sooner, rather than delayed, in patients experiencing 
an AECOPD.13 There is a need for clinician education to 
improve awareness of the timing of prompt therapeutic inter-
vention to prevent future AECOPDs.12 Similar findings from 
real-world studies in different populations may therefore be 
reassuring to clinicians. A reduction in AECOPDs leading to 
hospitalization, particularly in vulnerable subgroups of COPD 
patients, is particularly relevant in the current coronavirus 
disease 2019 pandemic.

The current study considered triple therapy administered 
via two or three devices, which may have had different 
frequencies of administration. Studies including TRILOGY 
(NCT01917331), IMPACT (NCT02164513), TRIBUTE 
(NCT02579850), and ETHOS (NCT02465567) have com-
pared the efficacy of ICS/LAMA/LABA SITT and dual- 
bronchodilator therapies, showing that SITT was associated 
with a reduced number of AECOPDs.31–34 Economic analy-
sis of the IMPACT study showed SITT to be more cost- 
effective compared with dual therapies.35 Based on these 
findings, the introduction of triple therapy at an earlier 
point in the disease pathway could help to reduce the fre-
quency of AECOPDs and their associated HCRU and costs. 
In addition, the early initiation of triple therapy may also be 
beneficial in patients who are at risk of AECOPD. SITT was 
only recently introduced in the UK and, therefore, has the 
potential of improving adherence as the uptake of SITT 
increases over time. Increased adherence to treatment may 
in turn improve patient outcomes, with a consequent reduc-
tion in the economic burden of COPD on the healthcare 

system, as quantified by this study. This should be the focus 
of future studies.

Our findings should be considered within the context of 
the study limitations. This includes the potential for misclas-
sification bias. Treatments prescribed in the secondary care 
setting are not captured within linked CPRD/HES data. This 
means that whilst most COPD prescriptions initiated in sec-
ondary care would be continued by a GP, a patient prescribed 
triple therapy during an AECOPD requiring hospital inter-
vention may not have received a subsequent prescription 
from the GP in the 30 days following the AECOPD, and 
thus may have been incorrectly classified as a delayed MITT 
initiator; this may have reduced the treatment effect of early 
MITT initiation. It should also be noted that SITT is now 
widely available for patients in England; however, SITT use 
was not considered in this analysis. A control group (patients 
who received non-MITT/SITT inhaled maintenance therapy) 
would also be useful to include in future studies. Another 
limitation is that the AECOPD washout period likely 
excluded patients who exacerbate frequently (ie, those with 
a more severe condition), thus impacting on generalizability 
of the study findings. The requirement for patients to have at 
least 24 months of follow-up may have introduced bias, 
whereby patients who died within 24 months following 
MITT initiation were not included in this study. As this was 
a retrospective database study, there is potential for misclas-
sification or under-ascertainment of COPD and/or AECOPD, 
which could have led to an underestimation of total costs. 
Another limitation is that COPD-related costs, such as hospi-
tal interactions, were defined as healthcare services with an 
associated diagnosis of COPD; this may have underestimated 
the true costs incurred due to COPD. In addition, data on the 
occurrence of pneumonia were not collected, which may have 
impacted inpatient length of stay and costs. However, each of 
these limitations would have affected both early and delayed 
MITT initiators (ie, non-differential bias). Finally, the ana-
lyses reported in this paper are descriptive only. Further 
research would be of value to adjust for any unknown poten-
tial confounding factors. Although the study was conducted 
using data exclusively from patients in England, the authors 
consider the sample size to be representative of a wider UK 
population.

Conclusions
In conclusion, this study found that although frequencies 
of AECOPDs after treatment initiation were comparable, 
the all-cause and COPD-related costs were higher in those 
delaying MITT treatment initiation compared with those 
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starting MITT early, in both the 12 months and the 
24 months following MITT initiation. Management of 
COPD through earlier initiation of MITT may therefore 
reduce the economic burden on the healthcare system.
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