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Introduction: Until recently, triple therapy for chronic obstructive pulmonary disease (COPD) 
has only been available through treatment with multiple inhalers. Evidence on real-world use of 
multiple-inhaler triple therapy (MITT), including duration of use and treatment patterns, is limited.
Methods: A retrospective, observational study of electronic health records and hospital 
episodes in patients with COPD initiating MITT between 2013 and 2015 in the UK was 
performed. This study described patients initiating, treatment persistence and discontinua
tion, and prior and subsequent COPD treatments.
Results: Eligible patients (N=3825) had a mean age of 69.5 years; most were former or 
current smokers (95%). The majority (86%) initiated MITT with two inhalers and 14% 
initiated with three inhalers. Mean duration of use was 5.1 (standard deviation: 4.6) months; 
24% of patients persisted for 12 months. Patients who had significantly poorer lung function 
at baseline (12 months prior to initiating MITT) and had experienced significantly more 
moderate-to-severe acute exacerbation of COPD (AECOPD) and hospitalizations during the 
baseline period were more likely to persist for 12 months, compared with those who 
discontinued within 12 months. Most patients stepped down to an inhaled corticosteroid/ 
long-acting β2-agonist combination (ICS/LABA; 48%) or a long-acting muscarinic antago
nist (LAMA; 45%) after discontinuing MITT.
Conclusion: Initiation of MITT occurred in patients with clinically relevant symptoms and 
a history of AECOPD. Persistence varied and was most likely linked to disease severity, 
although more research is required to fully understand why patients discontinue MITT, the 
subsequent clinical consequences of therapy discontinuation, and the potential impact of 
newly available single-inhaler triple therapies.
Keywords: chronic obstructive pulmonary disease, COPD, multiple-inhaler triple therapy, 
MITT, general practice, real world, treatment patterns

Introduction
Chronic obstructive pulmonary disease (COPD) is a leading cause of mortality and 
morbidity worldwide and is predicted to become the third most common cause of death 
globally by 2030.1 The Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) strategy document provides preferred treatment pathways for COPD, recom
mending an incremental approach as the disease state worsens.2 This involves the use 
of combinations of drug classes with different or complementary mechanisms of 
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action. Short- and long-acting bronchodilators, including 
anticholinergics (short-acting muscarinic antagonists 
[SAMA] or long-acting muscarinic antagonists [LAMA]) 
and β2-agonists (short-acting β2-agonists [SABA] or long- 
acting β2-agonists [LABA]), are indicated for symptomatic 
relief and maintenance, while inhaled corticosteroids (ICS) 
are added for more severe disease associated with recurrent 
acute exacerbation of COPD (AECOPD).2

Triple therapy, a combination of ICS, LAMA, and 
LABA, is a recommended treatment option for patients 
with COPD who remain symptomatic or experience an 
AECOPD despite being treated with dual bronchodilators 
(GOLD D classification).2 COPD patients may also step- 
up to triple therapy following a concurrent diagnosis of 
asthma or worsening of symptoms.3 Until recently, triple 
therapy has only been available through treatment with 
multiple inhalers (multiple-inhaler triple therapy 
[MITT]); however, single-inhaler triple therapies (SITT) 
are now also approved in several regions, including 
Europe4,5 and the US.6 Past observational research has 
shown that most patients step up to MITT from an ICS/ 
LABA combination or from LAMA monotherapy due to 
unsatisfactory improvements in symptoms.7–10 However, 
there is sparse evidence on real-world use of MITT once 
initiated, including duration of use and treatment patterns, 
specifically what treatments patients are using beforehand, 
and subsequent treatment after MITT discontinuation.

A previous retrospective, electronic health record 
(EHR) study conducted in the UK found that, shortly after 
an initial COPD diagnosis, 19% of the patients classified as 
GOLD A (GOLD 2013 classification), 28% of GOLD B, 
37% of GOLD C, and 46% of GOLD D were prescribed 
MITT.10 In addition, almost 100% of the patients with 
COPD in this cohort stepped up to MITT by the 
eighth year after their initial COPD diagnosis. Another 
retrospective EHR study in the UK of LAMA monotherapy 
users found 43.6% received treatment escalation at a mean 
of 325 days after LAMA initiation.9

The recent FULFIL and IMPACT clinical trials evaluated 
once-daily ICS/LAMA/LABA SITT versus twice-daily ICS/ 
LABA dual therapy (FULFIL), or versus once-daily ICS/ 
LABA and LAMA/LABA dual therapies (IMPACT) in 
patients with COPD. Both studies reported improvements 
in lung function and health-related quality of life, and reduc
tions in exacerbations with SITT.11,12 The IMPACT study 
also demonstrated a potential mortality benefit with SITT 
compared with LAMA/LABA dual therapy.14 Similarly, in 
a real-world study by Short et al,13 MITT demonstrated 

a mortality benefit versus twice-daily ICS/LABA dual 
therapy.

This current study aims to describe MITT use in patients 
with COPD in a UK primary care setting, prior to availability 
of single-inhaler regimens, including duration of therapy, 
clinical characteristics of patients who initiated inhaled triple 
therapy, and patient and disease factors that contribute to the 
pattern of prescribing and persistence of use.

Objectives
The objective of the study was to describe the patient 
demographics, disease burden, and healthcare resource 
utilization in the 12 months prior to initiating MITT, the 
immediately preceding treatment prior to MITT prescrip
tion, the duration of MITT use over the 12 months post 
initiation, and, among those who discontinued, the treat
ment modification that followed MITT discontinuation. 
An additional objective was to compare the disease bur
den at baseline of those patients who persisted on MITT 
for 12 months and those who discontinued MITT within 
that year.

Methods
Study Design
This observational study employed a retrospective cohort 
design to identify patients with COPD who initiated MITT 
treatment between June 2013 and June 2015 as recorded in 
the UK Clinical Practice Research Datalink (CPRD). This 
database is linked to the Hospital Episode Statistics (HES) 
dataset, which captures hospital care to ensure complete 
capture of clinical events, including AECOPD. The selected 
time frame captured treatment patterns after combination 
inhaler LAMA/LABAs were approved in the UK (2013 for 
indacaterol/glycopyrronium bromide, 2014 for umeclidi
nium/vilanterol, and 2015 for tiotropium/olodaterol), and 
prior to the approval of single-device triple therapies.14,15

Data Source
Data were obtained from the CPRD-GOLD database which 
collects data from primary care practices using the Vision 
electronic health record software. The CPRD-GOLD data
base covers approximately 8.5% of the UK population, 
including practices in England, Northern Ireland, Scotland, 
and Wales. It contains anonymized, longitudinal medical 
records of patients registered with contributing primary 
care practices across the UK. CPRD-GOLD data is linked 
with HES, a data warehouse containing anonymized details 
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of all inpatient episodes of care, outpatient appointments and 
Accident & Emergency attendances at National Health 
Service (NHS) hospitals in England (Independent Scientific 
Advisory Committee [ISAC] approval 17_270).

Patient Inclusion/Exclusion Criteria
In order to meet the dataset requirements for CPRD, patients were 
required to have data available for the 12 months prior to initiating 
MITT, as well as 12 months of follow-up data after MITT initia
tion. They were required to be 35 years of age or older when the 
COPD medical code for diagnosis was recorded, and have 
a record of a forced expiratory volume in 1 second (FEV1)/forced 
vital capacity (FVC) ratio of <0.7 at any time in their patient 
history. This COPD case definition has previously been 
validated.16,17 Patients with a code for a medical condition where 
COPD diagnosis can be a secondary condition at any time in their 
history were excluded from the analysis. This included conditions 
related to lung or bronchial developmental anomalies, degenera
tive processes (cystic fibrosis, pulmonary fibrosis), bronchiectasis, 
pulmonary resection, or other significant respiratory disorders 
other than COPD (but not including cancer) that can interfere 
with clinical COPD diagnosis or substantially change the natural 
history of the disease. Patients with a concomitant diagnosis of 
asthma or a history of asthma, which is common in this population, 
were not excluded from the study.

Outcome Measures
MITT use was defined as at least 1 day of overlap of an 
ICS, LAMA, and LABA in two or three devices during 
the observation period of June 2013 to June 2015; the 
first date of overlap observed during this period was 
defined as the index date. Continuous MITT use during 
the 12 months after the index date was estimated by 
calculating the duration for each prescription based on 
the number of units (inhalations, puffs) prescribed and 
the units that the patient was expected to take each day 
(numeric daily dose). Treatment was considered discon
tinued when there was a gap of longer than 30 days where 
any component of MITT was not prescribed. Only new 
initiators of MITT treatment were included in this study, 
which was defined as no prior use of MITT in the pre
vious 12 months. The duration of continuous MITT use 
over the 12 months after initiation was defined by repeat 
prescriptions for all three components with at least 1 day 
of overlap, and no gap in any component of longer than 
30 days. If a gap of longer than 30 days was observed in 
any of the three components, MITT was considered dis
continued. The baseline disease burden among patients 

who persisted on MITT for the 12 months of observation, 
and patients who discontinued MITT treatment, were 
described.

Data Analysis
Categorical variables were described by count and percen
tages, and continuous variables were described by mean 
and standard deviation (SD). A Chi-squared test was used 
to analyze differences in baseline disease burden among 
patients who persisted on MITT for 12 months and those 
who discontinued treatment.

Results
Baseline Characteristics
A total of 3825 patients were identified as new initiators of 
MITT treatment during the observational period and met the 
eligibility requirements (Table 1). The mean age of MITT 
initiators was 69.5 years and just over half (54%) were male; 
95% were former or current smokers, 34% had a normal 
body mass index (BMI), and 61% were overweight or obese.

The baseline (12 months prior to initiating MITT treat
ment) disease burden among MITT initiators is illustrated 
in Table 1. Among the total patient population, 55% had 
a Medical Research Council (MRC) score ≥3 (dyspnea 
limits walking pace [slower than others] and person stops 
to catch breath), and approximately 40% of the patients 
were classified as having severe or very severe airflow 
limitation with a lung function classified as FEV1 <50% 
predicted. The majority of patients were infrequent exacer
bators; 70.6% of the patients had <2 moderate or severe 
AECOPDs in the year prior to MITT initiation. Around 
half of patients had at least one moderate or severe 
AECOPD in the year prior to MITT initiation and approxi
mately one-third experienced at least two AECOPD 
events; 13% experienced at least one event leading to 
hospitalization.

MITT Use and Persistence
Among the 3825 patients who initiated MITT, 86% 
initiated using two inhalers and the remainder (14%) 
initiated with three inhalers (Table 2). In the year prior to 
initiation, most patients were using either ICS/LABA 
(52%) or LAMA (31%); only 3% of the patients stepped 
up from a LAMA/LABA and a small proportion (6%) 
were maintenance treatment naïve (Figure 1). The mean 
duration of MITT use among the study cohort was 5.1 
months (SD: 4.6 months). Around half of those who 
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initiated MITT (51%) only persisted on continuous ther
apy for less than 3 months; about one-quarter used MITT 
continuously for the full 12 months of observation (Table 
2). Among those patients who discontinued MITT during 
the 12 months of observation, almost 9% re-initiated 
MITT within that year.

Prescribed Therapy After MITT 
Discontinuation
Among the patients who met the definition for discontinua
tion (n=2661), approximately half stepped down to an ICS/ 
LABA (48%) and 45% stepped down to a LAMA (Table 2). 
Only a small proportion of patients (1%) ceased the ICS 
component and stepped down to a dual LAMA/LABA.

Baseline Disease Burden by Persistence of 
MITT Use
Patients who persisted on MITT for a full 12 months 
(911 patients, 24%) had significantly poorer baseline 
lung function (FEV1 <50% predicted, p<0.001), 

Table 1 Patient Characteristics and Disease Burden at Baseline

Patients with COPD Initiating 
MITT (N=3825)

Age, years

Mean (SD) 69.5 (10.5)

Median 70.0

Male, n (%) 2045 (53.5)

Smoking status, n (%)a

Former smoker 2109 (55.1)
Current smoker 1540 (40.3)

Never smoker 176 (4.6)

BMI, n (%)a,b,c

Normal (18.5 to <25.0) 1240 (33.6)

Overweight  
(25.0 to <30.0)

1194 (32.4)

Obese (≥30.0) 1063 (28.8)

Moderate/severe dyspnea, 

n (%)a,d,e

1948 (54.9)

Lung function, GOLD grade, 

n (%)a,e

Mild (FEV1 ≥80% 
predicted)

187 (7.6)

Moderate (50%≤ FEV1 

<80% predicted)

1270 (51.4)

Severe (30%≤ FEV1 <50% 

predicted)

877 (35.5)

Very severe (FEV1 <30% 
predicted)

138 (5.6)

AECOPD events, n (%)a,f

0 1621 (42.4)

1 1077 (28.2)

≥2 1127 (29.5)
>1 Hospitalized event 488 (12.8)

Notes: aAll variables measured in the 12 months prior to initiation of MITT; 
bpercentages are based on non-missing values; cnot shown are underweight BMI 
category (5.0%), and missing BMI data (3.6%); dMRC score ≥3 (mMRC score ≥2); 
epercentages are based on non-missing values: 7.2% missing MRC score and 35.4% 
missing spirometry data; fdefined by any moderate or severe (hospitalized) acute 
exacerbation of COPD event. 
Abbreviations: AECOPD, acute exacerbation of COPD; BMI, body mass index; COPD, 
chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 second; 
GOLD, Global Initiative for Chronic Obstructive Lung Disease; MITT, multiple-inhaler 
triple therapy; MRC, Medical Research Council; mMRC, modified Medical Research 
Council; SD, standard deviation.

Table 2 MITT Use and Persistence

Patients with COPD Initiating 
MITT (N=3825)

Number of devices 

comprising MITT, n (%)

2 3302 (86.3)
3 523 (13.7)

Duration of continuous MITT 
use, n (%)

<1 month 535 (14.0)
≥1 to <2 months 978 (25.6)

≥2 to <3 months 439 (11.5)

≥3 to <6 months 513 (13.4)
≥6 to <12 months 450 (11.8)

12 months 910 (23.8)

Mean (SD), months 5.1 (4.6)
Median, months 2.86

Patients with COPD Who 
Discontinued MITT (n=2661)

Prescribed therapy after MITT 
discontinuation, n (%)a

ICS/LABA 1280 (48.1)

ICS/LAMA 70 (2.6)
LAMA/LABA 50 (1.9)

LABA 4 (0.2)

LAMA 1197 (45.0)
ICS 33 (1.2)

No further treatment 27 (1.0)

Notes: aOnly the first modification episode in the 12 months after MITT initiation 
was recorded; 253 (8.7%) patients, who reinitiated MITT after >30-day gap, are 
excluded from the denominator. 
Abbreviations: COPD, chronic obstructive pulmonary disease; ICS, inhaled corti
costeroid; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist; 
MITT, multiple-inhaler triple therapy.
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a significantly higher number of prior moderate-to- 
severe AECOPD (p=0.002) and a significantly greater 
number of prior hospitalized AECOPD (p<0.001), com
pared with patients who discontinued MITT during the 
study (Table 3).

Discussion
The results from the current study suggest that MITT tends 
to be prescribed to patients with COPD with a history of 
AECOPD, or to those who have clinically relevant symp
toms, particularly with more severe symptomatic disease. 
In a previous study of stable COPD patients in Japanese 
clinical practice, more than half of patients stepped up to 
inhaled triple therapy due to unsatisfactory symptom 
improvement, irrespective of airflow limitation level.8 

While few patients stepped up or down to a dual LAMA/ 
LABA in this study, this may be explained by the fact that 
these drugs were only recently approved prior to the study 

observational period and may not have been readily avail
able to prescribers and patients.

In a US database study, the proportion of patients pro
gressing to triple therapy was 28% for those receiving mono
therapy, 20% for ICS/LABA dual therapy, and 42% for 
LAMA/LABA dual therapy, with the majority making the 
transition within 1 year of initiation for each therapy.18 In 
a US Medicare study, the incidence rate for MITT initiation 
was 0.018 and 0.027 per 100 patient-days in patients initiat
ing LAMA/LABA and ICS/LABA, respectively; the 
LAMA/LABA initiators had a 35% lower risk of progression 
to MITT over 12 months following initiation.19 A UK study 
recently illustrated that patients with COPD who were 
receiving LABA were more likely to add an additional main
tenance therapy than those receiving a LAMA, and while 
patients who were treated with a LAMA primarily initiated 
MITT by adding an ICS/LABA, LABA monotherapy users 
typically received dual therapy prior to initiating MITT.20 In 
the current study, most patients were receiving either an ICS/ 
LABA (52%) or LAMA (31%) in the year prior to MITT 
initiation. According to current COPD treatment guidelines, 
blood eosinophil counts should be taken into consideration 
when deciding whether to initiate ICS treatment in combina
tion with a LABA and/or LAMA.2 However, it is likely that 
blood eosinophil counts were not considered in the treatment 
decisions observed in the current study, since the study was 
conducted prior to the inclusion of this recommendation.

Generally, persistence with MITT regimens was found to 
be variable in this study, but was most often associated with 
baseline disease severity. Overall, patients who had severe 
airflow limitation, a history of any or multiple AECOPD, and 

Table 3 Baseline Disease Burden by Persistence of MITT Use

Persisted on MITT 12 Months Persisted on MITT <12 Months p-value

Total, n (%) 911 (23.8) 2914 (76.2)

Moderate/severe dyspneaa,b,c 56% 55% 0.52

FEV1 <50% predicteda,c 49% 39% <0.001

AECOPD eventsa,d

0 37.5% 43.9% 0.002

1 29.5% 27.7%
≥2 32.9% 28.4%

≥1 Hospitalized events 16% 12% <0.001

Notes: aAll variables measured in the 12 months prior to initiation of MITT; bMRC score ≥3 (mMRC score ≥2); cpercentages are based on non-missing values: 7.2% missing 
MRC score and 35.4% missing spirometry data; ddefined by any moderate or severe (hospitalized) AECOPD event. 
Abbreviations: AECOPD, acute exacerbation of COPD; FEV1, forced expiratory volume in 1 second; MITT, multiple-inhaler triple therapy; MRC, Medical Research 
Council; mMRC, modified Medical Research Council.

Figure 1 Treatment immediately preceding MITT initiation. 
Abbreviations: ICS, inhaled corticosteroid; LABA, long-acting β2-agonist; LAMA, 
long-acting muscarinic antagonist; MITT, multiple-inhaler triple therapy.
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who experienced a hospitalized AECOPD event in the 
12 months prior to initiation were more likely to persist 
with MITT for the full 12 months. Around three-quarters of 
patients in our study discontinued MITT before reaching the 
end of the 12-month observation period. Previous studies of 
patients with COPD in real-world settings have also reported 
low adherence or persistence with MITT.21,22 Another study 
of COPD patients who escalated to triple therapy found 18% 
continued use, 7.2% discontinued treatment permanently, 
27.9% discontinued temporarily, and 46.7% switched ther
apy during the 18 months following escalation.23 Potential 
reasons for the low treatment persistence observed include 
patient misunderstanding of medications, difficulty in using 
the inhaler devices, or because of an improvement in, or lack 
of, symptoms.24

Although not investigated in this study, the benefits of 
MITT compared with single and dual therapy are apparent in 
prospective clinical studies. Two trials have demonstrated 
better improvements in St George’s Respiratory 
Questionnaire (SGRQ) score, less reliance on rescue medica
tion, better lung function and a lower risk of AECOPD in 
patients on inhaled triple therapy compared with those on 
mono and dual therapies.25,26 The recent TRILOGY and 
TRINITY studies also provided evidence in 52-week, rando
mized, controlled studies of superior clinical benefit with 
fixed-dose triple therapy (beclomethasone dipropionate 
[BDP]/glycopyrronium[GLY]/formoterol [FOR]) over 
LAMA monotherapy or ICS/LABA treatment, specifically 
relating to improvements in lung function and the prevention 
of exacerbations.27 Similarly, the TRIBUTE study demon
strated the superiority of the same triple ICS/LAMA/LABA 
(BDP/GLY/FOR) fixed-dose combination in reducing the 
rate of moderate-to-severe exacerbations in individuals with 
symptomatic COPD when compared with a LAMA/LABA 
combination.28 The importance of the results from the 
TRILOGY, TRINITY and TRIBUTE studies is highlighted 
by the DYNAGITO study, which failed to show 
a meaningful benefit with dual-therapy LAMA/LABA (tio
tropium [TIO]/olodaterol [OLO]) versus LAMA monother
apy in patients with COPD and a history of exacerbations.29 

Once-daily, single-inhaler, triple therapy with fluticasone 
furoate (FF)/umeclidinium (UMEC)/vilanterol (VI) also 
demonstrated significant improvements in symptoms (as 
indicated by an improvement in SGRQ score of ≥4 units) 
and quality of life, and reductions in AECOPD compared 
with twice-daily budesonide (BUD)/FOR (ICS/LABA) in 
the FULFIL study.11,12 In the IMPACT study, FF/UMEC/ 
VI single-inhaler triple therapy was associated with a lower 

AECOPD rate compared with LAMA/LABA (UMEC/VI) 
and ICS/LABA (FF/VI), and clinically meaningful improve
ment in SGRQ score (defined as a change of ≥4 units from 
baseline). While the difference between triple-therapy and 
dual-therapy comparators in SGRQ score improvement 
remained below the threshold for a clinically meaningful 
improvement, patients on triple therapy were significantly 
more likely to respond to treatment (in terms of symptoms, as 
defined by a decrease in SGRQ total score of ≥4 units vs 
baseline) compared with patients receiving UMEC/VI or 
ICS/LABA.12

It should also be noted that LAMA/LABA (TIO/OLO) 
dual therapy has been shown to be more effective than 
ICS/LABA combinations for the improvement of lung 
function in COPD patients.30,31 Overall, the evidence sug
gests that individuals with COPD, who are most often 
prescribed triple therapy due to the severity of their con
dition, can not only gain further clinical benefits compared 
with mono- or dual-therapy, but that delivery in a single 
inhaler could have the potential to further enhance treat
ment persistence rates beyond those with MITT.

Observational studies of triple therapy for COPD main
tenance have provided mixed results regarding the com
parison of dual and triple therapy. In the DACCORD 
study, a real-world observational study of ICS/LAMA/ 
LABA versus LAMA/LABA, matched-pairs analysis in 
two subgroups of 1046 patients with COPD demonstrated 
a significantly lower exacerbation rate for patients receiv
ing LAMA/LABA versus ICS/LAMA/LABA (exacerba
tion in 15.5% vs 26.6% of patients; p<0.001). Mean 
improvement from baseline in COPD Assessment Test 
(CAT) scores was also significantly improved with 
LAMA/LABA versus ICS/LAMA/LABA (–2.9 vs –1.4, 
respectively; p<0.001). The percentage of patients with 
a clinically relevant improvement (CAT score ≥2-unit 
change from baseline) was also significantly higher in 
patients receiving LAMA/LABA compared with triple- 
therapy users (62% vs 47%, respectively; p<0.001).32 In 
a UK primary care database study of 31,034 COPD 
patients, exacerbation risk was lower in LABA/ICS 
users, but the same in triple therapy and LAMA/LABA 
users.33 A matched cohort study using a US Medicare 
claims database observed fewer severe COPD exacerba
tions for LAMA/LABA users compared with triple ther
apy (9.0% vs 16.1%), and the LAMA/LABA users had 
a longer time to these events.34 A claims data study in 
France observed a similar number of COPD exacerbations 
for triple- and dual-therapy users in a 12-month period (2.4 
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vs 2.3, respectively; p=0.45), but the patients receiving 
triple therapy were more likely to receive oral corticoster
oids (49.1% vs 40.4%, p=0.003) or be hospitalized for 
COPD (35.3% vs 25.1%, p=0.002).35 In a real-world set
ting of triple-therapy initiators matched to LAMA/LABA 
initiators, the risk of COPD exacerbation was similar for 
each group; however, the triple therapy combination was 
more effective for patients with significant eosinophilia or 
frequent exacerbations.36

This difference in outcomes may be, at least in part, due 
to differences in the populations that receive triple therapy in 
clinical trials (patients with a history of exacerbations) com
pared with the clinic (may be prescribed in the absence of 
exacerbation history).9,10,18 Conversely, in the OUTPUL 
study of 5717 patients with COPD initiating new mainte
nance regimens (ICS/LABA or ICS/LABA plus TIO), the 
hazard ratio (HR) for experiencing COPD exacerbations was 
0.68 (95% confidence interval [CI]: 0.48, 0.98) for patients 
receiving triple therapy versus dual therapy.37 A matched 
cohort of 1647 patients with COPD in a UK primary care 
database found that initiation of triple therapy reduced 
exacerbation risk (HR 0.87, 95% CI 0.76–0.99) compared 
with LAMA/LABA dual therapy.38 This is clearly more 
aligned with the above clinical studies and the current obser
vational study, perhaps due to the different prescribing pat
terns between the countries in which these observational 
studies were conducted.

There are several strengths to this study, including the 
real-world context and large size of the dataset; the CPRD- 
GOLD database is broadly representative of the UK popula
tion in terms of age, gender and socio-economic status,39 

further supporting the validity of its findings. However, sev
eral limitations also need to be considered when interpreting 
these findings. Patients who were experiencing COPD symp
toms but had not yet received a COPD diagnosis were not 
captured in the study. Also, while we used validated algo
rithms for identifying patients with COPD that have high 
sensitivity and positive predictive value,16,17 there is the 
potential for general practitioners to misdiagnose asthma as 
COPD and vice versa, particularly in patients aged 40 years 
and older.40 The fact that 5% of the COPD patients included 
in this study were ‘never-smokers’ indicates a possibility of 
misdiagnosis. While previous research has shown that the 
spirometry tracings used to diagnose and manage COPD in 
the UK are of high quality,17 the primary care record does not 
always include pre- or post-bronchodilator status and there
fore there may be some misclassification of disease in our 
cohort. Secondly, the algorithm describing MITT is based on 

prescriptions for two to three inhalers that have different 
dosing regimens, and assumptions on dosing and duration 
of treatment were used to construct periods of triple therapy 
and windows agreed to allow for gaps between specific 
periods of use. Overall, such an algorithm is prone to incon
sistencies and issues with both specificity and sensitivity; 
however, it is an improvement over simple identification of 
periods of simultaneous prescribing date and usage.

One further limitation to be considered is that at the 
time of the study (2013–2015), devices combining fixed- 
dose LAMA and LABA had only recently been approved 
as a maintenance treatment for COPD in the UK. It is 
possible that there was limited access to newly approved 
LAMA/LABA combinations during the observation per
iod, which may have led to fewer patients receiving these 
drugs compared with subsequent years. In addition, as the 
study did not include a control group of patients who did 
not initiate MITT, the factors affecting initiation of MITT 
could not be identified. Finally, electronic health records 
are limited in capturing variability in adherence to MITT 
use, treatment “holidays”, and reasons for lack of adher
ence and discontinuation are not systematically recorded.

Conclusions
Overall, the results of this current study suggest that most 
patients prescribed MITT have a history of clinically rele
vant symptoms and AECOPD, and that subsequent treat
ment persistence with this type of regimen is variable, but 
may be associated with the patient’s underlying disease 
severity. Patients who persisted with MITT for 12 months 
had significantly poorer lung function during the baseline 
period, had a significantly higher number of prior moder
ate-to-severe AECOPD, and a significantly greater number 
of hospitalized AECOPD. Additional research on patient 
and clinical characteristics for those who persist with 
MITT versus those who discontinue MITT will provide 
important additional insight into treatment decision- 
making. It would also be prudent to investigate the 
newly available once- and twice-daily SITT regimens in 
populations where a high discontinuation rate with MITT 
is predicted.
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