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Purpose: Treatment guidance for chronic obstructive pulmonary disease (COPD) recom
mends inhaled corticosteroid (ICS)+long-acting muscarinic antagonist+long-acting 
β2-agonist (LABA) triple therapy for patients who experience recurrent exacerbations, 
persistent breathlessness, or exercise limitation on dual therapy. However, information is 
limited on pathways to triple therapy in the UK.
Patients and Methods: A retrospective cohort study was conducted using de-identified 
patient-level data from UK primary care electronic medical records from January 1, 2005 to 
May 1, 2016. Data were included from patients who had their first triple therapy regimen 
(index date) recorded during the study period and a minimum of 12 months’ pre-index data. 
Treatment pathways to triple therapy were recorded, and the proportion of patients on triple 
therapy before their COPD diagnosis was determined. Adherence to triple therapy was 
estimated using the proportion of days covered (PDC).
Results: After applying eligibility criteria, 82,300 patients were included, with a mean age at 
COPD diagnosis of 64.7 years. The major treatment pathway (27.9%) was the first initiation 
of ICS+LABA prior to triple therapy. Following COPD diagnosis, the median time to triple 
therapy was approximately 3.5 years. The estimated mean adherence to triple therapy was 
81.8% PDC. Multivariate analysis showed that the following groups were more likely to 
have received previous therapy prior to triple therapy: females (versus males), patients with 
asthma (versus those without asthma), severe COPD (versus those with non-severe COPD), 
or fewer exacerbations (versus those with more exacerbations).
Conclusion: Treatment pathways to triple therapy in the UK are diverse, highlighting the 
need to better understand factors involved in clinical decision-making.
Keywords: chronic obstructive pulmonary disease, patient pathways, real-world, 
retrospective study, treatment initiation, triple therapy

Introduction
It is estimated that 1.2 million people in the UK are living with a diagnosis of chronic 
obstructive pulmonary disease (COPD), with 115,000 being diagnosed each year1 and 
many more remaining undiagnosed.2 COPD represents a considerable economic bur
den, with COPD exacerbations accounting for the greatest proportion of the total 
COPD burden on the healthcare system.3 Over £800 million of the annual National 
Health Service (NHS) budget relates to COPD healthcare.4

COPD diagnosis relies on clinical judgment of medical history and spirometry;3 

symptoms may overlap with those of asthma and can vary between patients.3,5 Patients 
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with COPD report low health-related quality of life5 and, as 
the severity of disease increases, so do more frequent and 
severe COPD exacerbations, which may lead to 
hospitalization.6 The Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) provides a classification 
scheme for COPD. This scheme was originally based on the 
degree of airflow obstruction using post-bronchodilator 
forced expiratory volume in 1 second spirometry results.7 

However, in 2011 the GOLD classification scheme was 
updated to also include symptom burden and exacerbation 
history.3,8

Inhaled corticosteroid (ICS), long-acting muscarinic 
antagonist (LAMA), and long-acting β2-agonist (LABA) 
maintenance therapies, and combinations of these, are used 
to treat COPD.2,3 When exacerbations persist, or patients 
experience persistent breathlessness or exercise limitation, 
despite dual therapy, then ICS+LAMA+LABA triple therapy 
may be recommended in some patients, although this 
depends on blood eosinophil count, especially according to 
the GOLD recommendations.2,3 Additionally, GOLD 2020 
suggests that the beneficial effects of triple therapy are most 
likely to be seen in patients who are severely symptomatic, 
have moderate-to-very severe airflow obstruction, and 
a history of frequent and/or severe COPD exacerbations.3 

Given concerns about the long-term benefits and risks asso
ciated with ICS, it may be appropriate to remove ICS from 
triple therapy regimens for some patients, particularly those 
without asthma and without frequent exacerbations (termed 
“stepping down”).9 Furthermore, GOLD 2020 recommends 
that step-down should be considered for pneumonia, 
inappropriate original indication, or lack of response to 
ICS, and that if step-down is considered after stability is 
achieved, it should be undertaken cautiously.3

A previous study in the UK, which used the Clinical 
Practice Research Datalink (CPRD) (2008–2009) to exam
ine treatment progression, found that nearly 50% of 
patients on monotherapy (LAMA or LABA) had additions 
to their therapy during the 24 months after COPD diag
nosis, while approximately 25% of patients on triple 
therapy stepped down within this period.10

Little is known about how treatment patterns in the UK 
align with guidance, although some evidence suggests poor 
concordance between real-world prescribing and GOLD 
recommendations.11–13 For example, an earlier analysis of 
prescribing patterns in the UK found that triple therapy was 
initiated as the first therapy following diagnosis in 10% of 
patients with COPD.13 Following the publication of a multi- 
country, retrospective database study examining prescribing 

pathways to triple therapy,14 our study aimed to explore the 
current treatment pathways to triple therapy specifically in 
the UK.

Patients and Methods
Study Design and Patients
This was a retrospective cohort study using primary care 
electronic medical records of patients with COPD who 
received triple therapy. Data sources included IQVIA 
Medical Research Data (IMRD; incorporating The Health 
Improvement Network [THIN], a Cegedim database)15 - 
enhanced CPRD16 linked with Hospital Episode Statistics 
(HES).17 THIN and CPRD both capture data from the 
same theoretical source population (NHS UK general 
practitioner [GP] practices), allowing patients to be pooled 
and overlapping patients removed. CPRD alone was linked 
to HES to evaluate exacerbations.18

In May 2017, IMRD included active records from 
2.9 million patients and CPRD included active records 
from 5.5 million patients, representing approximately 5% 
and 8% of the total UK population, respectively. Secondary 
care information was derived from CPRD linked to HES, 
which contains hospital data for England; linked CPRD- 
HES data were available up to March 2016.

The study period was January 1, 2005 to May 1, 2016, 
with the index date defined as the first instance of triple 
therapy during this period (defined as a prescription from 
each class of ICS, LABA, and LAMA with at least 14 days’ 
overlap according to recorded or calculated prescription 
duration). Triple therapy started the day the three drugs 
overlapped and ended when at least one ran out (or where 
there was a gap of at least 90 days between prescriptions of 
the same drug class).

A valid COPD diagnosis and at least 12 months’ data 
prior to the index date were required. COPD diagnosis was 
algorithmically defined as evidence of smoking (current or 
ex-smoker) at any point and at least one COPD diagnosis 
code on or after a patient’s 40th birthday to avoid common 
misclassifications of COPD.18 Patients were followed to the 
earliest of death, transfer out of practice, or end of study.

An Independent Scientific Advisory Committee approved 
the use of CPRD data (16_298R). A Scientific Review 
Committee approved the use of IMRD data (16THIN097).

Study Objectives
In order to explore the pathways to triple therapy, the 
primary objectives of the study were to: quantify the 
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proportion of patients on triple therapy prior to, at and 
after COPD diagnosis; assess GOLD (2011) categories; 
understand time from diagnosis to the first prescription 
of triple therapy; and determine the treatment pathways 
to triple therapy, with respect to inhaled maintenance 
therapies.

The secondary objectives were to: identify factors 
influencing patient treatment pathways; calculate time to 
step-down from triple therapy; and identify treatment path
ways following triple therapy.

Exploratory objectives were to: calculate the rate of 
adherence to triple therapy; investigate the association 
between adherence and exacerbations and healthcare 
resource utilization (HCRU); and assess changes to ther
apy following an annual review in patients with an exacer
bation in the previous year.

Analysis
Baseline Characteristics
Descriptive statistics were summarized for categorical and 
continuous variables. For patients in the CPRD-HES 
linked dataset, GOLD 2011 categories were calculated 
directly to assess disease severity; a validated model was 
used to estimate GOLD categories in unlinked patients 
(please see Supplementary Information for details). 
GOLD 2011 was used as the majority of the data were 
collected prior to the GOLD 2015 update; also, limited 
revisions were made to GOLD 2015.19

Time (months) between diagnosis and triple therapy 
initiation was explored. Mean (standard deviation [SD]) 
and median (95% confidence interval [CI]) time to first 
instance of triple therapy after initial diagnosis was esti
mated with 25th and 75th percentiles.

All analyses were carried out using SAS version 9.4.

Pathways to Triple Therapy
Patient-level treatment pathways were created using 
a data-driven approach, with proportions of patients in 
each pathway reported. The pathways analysis focused 
on the three main COPD therapy drug classes – ICS, 
LABA, and LAMA – during the period from COPD diag
nosis until the first record of triple therapy. The primary 
logistic model looked at factors influencing pathways to 
triple therapy, therefore the dependent variable was “path
way to triple therapy”, which was a categorical variable. 
Patients whose first instance of triple therapy was before 
their COPD diagnosis were not included in this analysis. 
Short-acting β2-agonist (SABA) and short-acting 

muscarinic antagonist use was recorded, but presented 
separately from the treatment pathways. Pathways contain
ing ≥1% of patients are reported individually, with path
ways containing <1% grouped into the “other” pathway 
category.

Factors that were considered as influencing pathways 
to triple therapy included: rate of exacerbations prior to 
triple therapy; GOLD 2011 classification (severe [C/D] or 
non-severe [A/B]) in the 12 months prior to, or at, index 
date; and post-COPD diagnosis, presence of asthma, gen
der, and age at COPD diagnosis.

Initially, bivariate analysis was performed to explore 
the association between each influencing factor and the 
treatment pathway, using crude multinomial logistic 
regression models. A multivariate model was then esti
mated, including all covariates.

Adherence to Triple Therapy
To estimate adherence to therapy, the proportion of days 
covered (PDC) was calculated for each patient based on 
prescriptions issued. Patients were defined as adherent if 
PDC was at least 80%. Adherence was calculated sepa
rately for the three drug classes and then combined to 
obtain a composite indicator, calculated as follows:

PDC ¼ ∑ 3
i¼ 1

Total number of days covered by
prescriptions for drug class i
ðTriple therapy periodÞ x 3

0

B
B
@

1

C
C
Ax 100%

(1) 

where i represents each of the three drug classes, 
LABA, LAMA, and ICS.

Multivariate negative binomial models adjusting for 
non-adherence to first triple therapy, asthma presence, 
GOLD group (calculated or estimated) pre-triple therapy, 
age, and sex were used to evaluate the association between 
non-adherence and exacerbations, and between non- 
adherence and HCRU.

The HCRU yearly rate was calculated considering 
COPD-related visits (recorded in primary or secondary 
care) from triple therapy initiation to 12 months post- 
initiation. Parameter (adjusted rate ratio) estimates asso
ciated with the covariates are presented with values, 95% 
CIs, and p values, calculated using Chi-square tests.

Changes to Therapy Following an Exacerbation
Changes to therapy (at a drug class level) were explored 
after annual review visits for patients experiencing one or 
more exacerbations in the previous 12 months. The UK’s 
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National Institute for Health and Care Excellence recom
mends at least annual reviews for COPD patients, includ
ing a clinical assessment, to determine the effects of each 
drug treatment and any need for referral to specialist 
therapy services.2 We assessed the proportion of patients 
who: remained on the same treatment; changed treatment 
(step-down/up, change of drug class); and discontinued 
treatment. The last combination therapy started before 
the annual review was used as the reference and this was 
compared with treatments started on or after the review.

Stepping Down from Triple Therapy
The median duration of triple therapy (95% CI) and the 
25th and 75th percentiles were estimated using Kaplan– 
Meier survival analysis and are reported as cumulative 
proportions alongside the survival curve. Pathways of 
stepping down following triple therapy were explored; in 
particular, for all patients who were not censored (cen
sored patients being those who were still receiving triple 
therapy at the end of the study period), the first combina
tion after triple therapy is reported using proportions (95% 
CIs). The numbers and percentages of patients who dis
continued and patients who were censored are also 
reported.

Results
Baseline Characteristics
After applying inclusion/exclusion criteria, 82,300 patients 
were identified, with a mean age at COPD diagnosis of 
64.7 years (SD: 10.6), of which 53.3% were males (Table 1). 
Cardiovascular disease was the most prevalent comorbidity 
(66.9%), with depression/anxiety also having a high preva
lence (37.4%); most patients (77.2%) were non-asthmatic.

The mean age at initiation of triple therapy was 69.0 years 
(SD: 10.6), more than 4 years greater than the mean age at 
diagnosis (64.7 years). The average follow-up was almost 
4 years (mean: 46.6 months, SD: 33.2) (Table 1).

The mean pre-triple therapy COPD exacerbation rate was 
1.8 per patient per year (SD: 5.0), which slightly increased 
during triple therapy (2.3 per patient per year, SD: 3.5) (Table 
1). Overall, 86.1% of patients initiated triple therapy after 
their COPD diagnosis compared with 8.2% before and 5.6% 
at diagnosis. At diagnosis, 61.3% (95% CI: 60.8–61.8) of 
patients were in GOLD 2011 category C or D (more severe). 
In comparison, at triple therapy initiation, GOLD category C/ 
D increased to 74.7% (95% CI: 74.3–75.1) of patients.

Table 1 Baseline Characteristics for the Study Population

Characteristics Study Population 
(N = 82,300)

Age at COPD diagnosis, years

Mean (SD) 64.7 (10.6)

Median (IQR) 64.8 (57.4–72.4)

Male, n (%) 43,889 (53.3)

Comorbidities,a n (%)

Cardiovascular disease 55,076 (66.9)

Depression/anxiety 30,810 (37.4)

Gastroesophageal reflux disease 18,846 (22.9)

Diabetes 11,978 (14.6)

Heart failure 7216 (8.8)

Atrial fibrillation 6711 (8.2)

Osteoporosis 6519 (7.9)

BMI (closest value to COPD diagnosis)

n (%) with BMI available 79,564 (96.7)

Mean (SD) 27.1 (6.3)

Median (IQR) 26.3 (22.7–30.5)

Phenotype (asthma), n (%)

Asthmatic 18,800 (22.8)

Non-asthmatic 63,500 (77.2)

Age at first triple therapy, years

Mean (SD) 69.0 (10.6)

Median (IQR) 69.5 (61.8–76.8)

Follow-up period in months

Mean (SD) 46.6 (33.2)

Median (IQR) 40.0 (19.3–68.4)

Initiation of triple therapy, n (%)

Before COPD diagnosis 6787 (8.2)

At COPD diagnosis 4641 (5.6)

After COPD diagnosis 70,872 (86.1)

Pre-triple therapy exacerbation rate, per patient 

per year

n (%) with data available 70,872 (86.1)

Mean (SD) 1.8 (5.0)

95% CI 1.8–1.8

Median (IQR) 0.9 (0.2–2.2)

Min–max 0.0–365.3

Triple therapy exacerbation rate, per patient 

per year

n (%) with data available 82,300 (100.0)

Mean (SD) 2.3 (3.5)

95% CI 2.3–2.3

Median (IQR) 0.8 (0.0–3.2)

Min–max 0.0–34.8

GOLD 2011 category, n/N (%) [95% CI]

A or B at COPD diagnosisb 22,126/57,223 (38.7) 

[38.0–39.3]

C or D at COPD diagnosisb 35,097/57,223 (61.3) 

[60.8–61.8]

(Continued)
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Treatment Pathways to Triple Therapy
Triple therapy was initiated at a median of 42.5 months 
(interquartile range [IQR] 13.9–87.4) post-diagnosis 
(Table 2). There were a variety of treatment pathways 
leading to triple therapy (Table 3); those with <1% of 
patients were grouped in the “other” pathway category 
and represented 23.0% of patients in this analysis. The 
most frequently recorded pathways prior to initiation of 
triple therapy were ICS+LABA (27.9%), LAMA (13.1%), 
and “no therapy prior to triple therapy” (12.1%); together, 
these three pathways accounted for more than half (53.1%) 
of the patients in this analysis.

Factors Influencing Pathways to Triple Therapy
Multivariate analysis (with “no therapy prior to triple ther
apy” as the reference category) showed that the following 
groups were more likely to have received previous therapy 
prior to initiating triple therapy: asthmatic patients (versus 

non-asthmatic patients); females (versus males); patients 
with severe COPD (GOLD 2011 C/D versus A/B); or 
patients with fewer exacerbations (versus those with 
a higher rate of exacerbations) (Table 4). Older patients 
were slightly less likely than younger patients to have 
received prior treatment before initiating triple therapy; how
ever, this was not deemed to be clinically significant since the 
odds ratios for the age parameter were close to 1.

Patient Adherence
Estimated adherence was high at a mean of 81.8% PDC (SD: 
15.5) (Table 2). When analyzing the association between 
adherence and exacerbations, adherent patients (defined as 
≥80% PDC) had a significantly increased rate of exacerba
tions (means ratio: 1.05 [95% CI: 1.03–1.07], p <0.001) in 
adjusted analyses (Table 5). Those with GOLD C/D and 
asthmatic patients had an increased rate of exacerbations 
(means ratio: 1.86 [95% CI: 1.82–1.91], p <0.001; and 1.33 
[95% CI: 1.30–1.36], p <0.001, respectively). Male patients 
tended to have a lower exacerbation rate than females (means 
ratio: 0.86 [95% CI: 0.85–0.88], p <0.001), while age did not 
impact the exacerbation rate.

In the analysis of association between adherence and 
HCRU, adherent patients tended to have increased HCRU 
(means ratio: 1.15 [95% CI: 1.14–1.16], p <0.001) in adjusted 
analyses (Table 5). Patients at higher risk of exacerbation 

Table 1 (Continued). 

Characteristics Study Population 
(N = 82,300)

A or B at triple therapy initiationc 17,933/70,872 (25.3) 

[24.7–25.9]

C or D at triple therapy initiationc 52,939/70,872 (74.7) 

[74.3–75.1]

Notes: aProportions reflect those with non-missing values; bOnly for patients with 
at least 6 months of data prior to the date of COPD diagnosis; cOnly for patients 
with index date after COPD diagnosis. 
Abbreviations: BMI, body mass index; CI, confidence interval; COPD, chronic 
obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive 
Lung Disease; IQR, interquartile range; SD, standard deviation.

Table 2 Time to, and Adherence to, Triple Therapy

Variables Study Population 
(N = 82,300)

Time to triple therapy (months)a

n (%) with data available 70,872 (86.1)

Mean (SD) 60.9 (63.1)
95% CI 60.4–61.3

Median (IQR) 42.5 (13.9–87.4)

Adherence to triple therapy, measured as 

a proportion of days covered (%)
Mean (SD) 81.8 (15.5)

95% CI 81.7–81.9

Median (IQR) 84.4 (70.5–95.7)

Note: aOnly includes patients with index date after COPD diagnosis. 
Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary 
disease; IQR, interquartile range; SD, standard deviation.

Table 3 Most Frequently Recorded Treatment Pathways Prior to 
Triple Therapy

Pathways, n (%) Study Populationa 

(n = 75,513)

ICS+LABA 21,042 (27.9)

LAMA 9882 (13.1)
No therapy prior to triple therapy 9139 (12.1)

ICS → ICS+LABA 7734 (10.2)

ICS 1929 (2.6)
ICS+LABA → LAMA 1691 (2.2)

LABA → ICS+LABA 1639 (2.2)
ICS → ICS+LAMA 1586 (2.1)

LAMA → ICS+LABA 1055 (1.4)

ICS → ICS+LABA → ICS → ICS+LABA 883 (1.2)
LAMA → LABA+LAMA 792 (1.0)

ICS+LAMA 760 (1.0)

Otherb 17,381 (23.0)

Notes: aOnly patients whose first instance of triple therapy was on or after COPD 
diagnosis were included, and only the period on and after COPD diagnosis was 
considered. Short-acting bronchodilators were omitted from the treatment path
ways; bPathways with <1% of patients. 
Abbreviations: COPD, chronic obstructive pulmonary disease; ICS, inhaled corti
costeroid; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist.
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(GOLD C/D) had a statistically significantly greater HCRU 
(means ratio: 1.21 [95% CI: 1.20–1.22], p <0.001); this posi
tive association was also found for patients with asthma 
compared with those without (means ratio: 1.05 [95% CI: 
1.04–1.05], p <0.001). Male patients had slightly lower 
HCRU rates than female patients (means ratio: 0.97 [95% 
CI: 0.97–0.98], p <0.001) and age did not have a clinically 
significant impact.

Changes in Therapy Following 
Exacerbations
Overall, 79.1% of patients recorded at least one annual 
review in the 12 months following an exacerbation, with 
a mean of 2.9 annual reviews per patient (Table 6). Most 
reviews (71.5%) did not lead to a change in the patient’s 
treatment regimen, while 23.6% resulted in a step-up of 
therapy. Treatment changes at a drug class level (without 
step-up or step-down of therapy) (2.3%), step-down (1.6%), 
and discontinuation (1.0%) combined constituted less than 
5% of outcomes following review.

Table 4 Factors Influencing the Pathway to Triple Therapy 
(Multivariate Analysis) [N = 70,872]a,b

Pathways OR (95% CI) p value

Phenotype: Asthmatic vs Non-Asthmatic

ICS+LABA 5.37 (4.85–5.95) <0.001

LAMA 1.16 (1.03–1.30) 0.014

ICS → ICS+LABA 4.85 (4.35–5.42) <0.001

ICS 3.58 (3.11–4.12) <0.001

ICS+LABA → LAMA 4.09 (3.54–4.73) <0.001

LABA → ICS+LABA 2.70 (2.31–3.16) <0.001

ICS → ICS+LAMA 4.16 (3.59–4.83) <0.001

LAMA → ICS+LABA 2.08 (1.72–2.52) <0.001

ICS → ICS+LABA → ICS → ICS+LABA 5.09 (4.28–6.06) <0.001

LAMA → LABA+LAMA 1.03 (0.79–1.34) 0.831

ICS+LAMA 4.34 (3.62–5.21) <0.001

Other 3.94 (3.55–4.38) <0.001

Gender: male vs female

ICS+LABA 0.89 (0.83–0.95) <0.001

LAMA 1.01 (0.94–1.09) 0.786

ICS → ICS+LABA 0.88 (0.82–0.95) 0.002

ICS 0.82 (0.73–0.91) <0.001

ICS+LABA → LAMA 0.86 (0.77–0.96) 0.009

LABA → ICS+LABA 0.93 (0.83–1.04) 0.192

ICS → ICS+LAMA 0.87 (0.78–0.98) 0.022

LAMA → ICS+LABA 1.14 (0.99–1.30) 0.068

ICS → ICS+LABA → ICS → ICS+LABA 0.80 (0.69–0.92) 0.003

LAMA → LABA+LAMA 1.03 (0.88–1.20) 0.728

ICS+LAMA 0.93 (0.80–1.08) 0.352

Other 0.92 (0.86–0.98) 0.013

GOLD 2011 category pre-triple therapy 

(considering 12 months prior to, or on, 

index date, and post-COPD diagnosis) 

(C/D [severe] vs A/B [non-severe])

ICS+LABA 2.86 (2.67–3.06) <0.001

LAMA 2.26 (2.09–2.43) <0.001

ICS → ICS+LABA 5.03 (4.62–5.48) <0.001

ICS 2.82 (2.50–3.18) <0.001

ICS+LABA → LAMA 3.28 (2.88–3.74) <0.001

LABA → ICS+LABA 4.29 (3.73–4.93) <0.001

ICS → ICS+LAMA 3.92 (3.42–4.50) <0.001

LAMA → ICS+LABA 3.14 (2.68–3.67) <0.001

ICS → ICS+LABA → ICS → ICS+LABA 6.58 (5.36–8.07) <0.001

LAMA → LABA+LAMA 3.74 (3.11–4.51) <0.001

ICS+LAMA 1.95 (1.66–2.30) <0.001

Other 4.77 (4.44–5.13) <0.001

Age at COPD diagnosis  

(per 1-year increase)

ICS+LABA 0.98 (0.97–0.98) <0.001

LAMA 0.99 (0.99–0.99) <0.001

ICS → ICS+LABA 0.97 (0.96–0.97) <0.001

ICS 0.98 (0.98–0.99) <0.001

ICS+LABA → LAMA 0.98 (0.97–0.98) <0.001

(Continued)

Table 4 (Continued). 

Pathways OR (95% CI) p value

LABA → ICS+LABA 0.98 (0.97–0.98) <0.001

ICS → ICS+LAMA 0.98 (0.97–0.98) <0.001

LAMA → ICS+LABA 0.98 (0.98–0.99) <0.001

ICS → ICS+LABA → ICS → ICS+LABA 0.95 (0.95–0.96) <0.001

LAMA → LABA+LAMA 0.98 (0.97–0.99) <0.001

ICS+LAMA 0.98 (0.98–0.99) <0.001

Other 0.97 (0.97–0.97) <0.001

Pre-triple therapy exacerbation rate 

(per additional exacerbation)

ICS+LABA 0.97 (0.97–0.98) <0.001

LAMA 0.98 (0.97–0.98) <0.001

ICS → ICS+LABA 0.94 (0.92–0.95) <0.001

ICS 0.96 (0.94–0.97) <0.001

ICS+LABA → LAMA 0.96 (0.94–0.97) <0.001

LABA → ICS+LABA 0.93 (0.90–0.95) <0.001

ICS → ICS+LAMA 0.91 (0.89–0.94) <0.001

LAMA → ICS+LABA 0.93 (0.90–0.96) <0.001

ICS → ICS+LABA → ICS → ICS+LABA 0.96 (0.94–0.99) <0.001

LAMA → LABA+LAMA 0.95 (0.92–0.98) <0.001

ICS+LAMA 0.99 (0.98–1.00) 0.078

Other 0.95 (0.94–0.95) <0.001

Notes: aOnly includes patients with an index date after COPD diagnosis; 
bReference category: no therapy prior to triple therapy. 
Abbreviations: CI, confidence interval; 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 antago
nist; OR, odds ratio.
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Stepping Down Treatment
The median duration of triple therapy was 18.2 months 
(IQR: 3.5–86.9). The proportion of patients discontinuing 
treatment or stepping down from triple therapy was 59.1%. 
When excluding censored patients (n = 33,684 [40.9%]; 
those still on triple therapy at the end of the study), the 
median duration of therapy, ie time to step-down, 
decreased substantially to 5.2 months (IQR: 1.2–15.2). 
The most frequently recorded therapies following step- 
down were ICS+LABA+SABA (18.0%), LAMA+SABA 
(13.0%), and LAMA (11.3%) (Table 7).

Discussion
Following the publication of a multi-country, retrospective 
database study that provided insights into global prescribing 
pathways to triple therapy,14 this study focused solely on the 
prescribing pathways in UK clinical practice. The median 
time from diagnosis to initiation of triple therapy was 
approximately 3.5 years (42.5 months), which is comparable 
to findings of an earlier UK primary care database study by 
Brusselle et al, which found more than 50% of patients to 
have started triple therapy within 3 years.13 Treatment path
ways to triple therapy were complex and varied, resulting in 
less common pathways being grouped in the “other” pathway 
category, which accounted for almost one-quarter of patients 
in the current study. The most frequently recorded treatment 
pathway to triple therapy was ICS+LABA → triple therapy 
(27.9%), which echoes the findings of Brusselle et al, who 
found that 24.8% of UK patients followed the same 
pathway.13

Interestingly, both studies also showed that a significant 
number of patients – around 1 in 10 (12.1% in our study and 
9.7% in the study by Brusselle et al)13 – went straight to triple 
therapy without previous therapy for COPD. This is despite 
GOLD recommendations that dual therapy regimens should 
be given before progression to triple therapy.3 These findings 
may suggest, therefore, that many GPs do not adhere to 
recommended treatment strategies in response to patient 
symptoms. It has been reported previously that there is sig
nificant variability in adherence to GOLD guidelines in gen
eral practice,20 and it is not unreasonable to expect that it 

Table 5 Association Between Non-Adherence, Triple Therapy Exacerbation Rate and Healthcare Resource Utilization (Adjusted 
Analyses)

Parameters Means Ratio (95% CI) Wald Chi-Square, DF p value

Non-adherence and triple therapy exacerbation rate (n = 41,111)a

Adherence (adherent vs non-adherent) 1.05 (1.03–1.07) 18.65, 1 <0.001

Phenotype (asthmatic vs non-asthmatic) 1.33 (1.30–1.36) 582.44, 1 <0.001
Gender (male vs female) 0.86 (0.85–0.88) 193.14, 1 <0.001

GOLD 2011 pre-triple therapy (C/D vs A/B)b 1.86 (1.82–1.91) 2466.06, 1 <0.001

Age at index date (1-year increase) 1.00 (1.00–1.00) 3.14, 1 0.076

Non-adherence and healthcare resource utilization (n = 65,578)a

Adherence (adherent vs non-adherent) 1.15 (1.14–1.16) 1840.98, 1 <0.001

Phenotype (asthmatic vs non-asthmatic) 1.05 (1.04–1.05) 164.22, 1 <0.001

Gender (male vs female) 0.97 (0.97–0.98) 78.04, 1 <0.001
GOLD 2011 pre-triple therapy (C/D vs A/B)b 1.21 (1.20–1.22) 2612.04, 1 <0.001

Age at index date (1-year increase) 1.00 (1.00–1.00) 480.59, 1 <0.001

Notes: aOnly includes patients with index date after COPD diagnosis, and with at least 6 months of follow-up; bConsidering 12 months prior to or on index date, and post- 
COPD diagnosis. 
Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; DF, degrees of freedom; GOLD, Global Initiative for Chronic Obstructive Lung 
Disease.

Table 6 Changes in Therapy After Exacerbations

Variables Study Population 
(N = 82,300)

Patients with ≥1 annual review,a n (%) 65,129 (79.1)

Annual reviews per patienta,b

Mean (SD) 2.9 (1.9)
Median (IQR) 2.0 (1.0–4.0)

Outcome of review, n (%) [N = 189,465]
Therapy remained the same 135,551 (71.5)

Therapy step-up 44,665 (23.6)

Therapy changed 4442 (2.3)
Therapy step-down 2963 (1.6)

Therapy discontinued 1844 (1.0)

Notes: aOnly patients with at least 90 days of data after the annual review date 
were included in this analysis; bConsidering only annual reviews for patients with at 
least 1 exacerbation in the previous 12 months. 
Abbreviations: IQR, interquartile range; SD, standard deviation.
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takes time for guidelines to be implemented, particularly in 
high-volume disease areas such as COPD. Indeed, real-world 
data show that in the year following release of the GOLD 
2011 guidelines, only 65% of patients received treatment in 
line with recommended strategies; and treatment decisions 
were instead based on clinical experience.21 An alternative 
explanation may be that patients are receiving a late diag
nosis of COPD, when the burden of symptoms and/or exacer
bations is high. It should be noted that prior to initiation of 
triple therapy in the current study, 74.7% of patients were 
categorized as GOLD stage C or D, representing severe 
disease and possibly warranting a more intensive treatment 
regimen.

Pathways to triple therapy were most strongly affected 
by asthma phenotype and GOLD category, with the 
exacerbation rate also significantly impacting the majority 
of treatment pathways. Asthmatic patients were more 
likely than non-asthmatic patients to have received pre
vious therapy prior to triple therapy, as would perhaps be 
expected, given the complexity of their comorbid condi
tions. Patients with severe COPD were also more likely to 
have received prior treatment, compared with those with 
less-than-severe disease, likely reflecting their disease his
tory, the refractory nature of earlier treatment approaches, 
and the need for triple therapy in these individuals. The 
observation that patients with higher (12-month, pre-triple 
therapy) exacerbation rates tended to initiate on triple 

therapy rather than other therapeutic approaches is also 
to be expected, as it suggests that GPs start these patients 
on triple therapy in an attempt to minimize immediate 
symptoms and risk of the disease before considering step- 
down therapy. This is supported by double-blind, rando
mized controlled trials that have shown benefits of triple 
therapy versus LAMA/LABA and ICS/LABA combina
tion therapies in reducing exacerbation rates.22–25 

Additionally, all-cause mortality data from the ETHOS 
and IMPACT studies have shown a beneficial effect for 
triple therapy compared with LAMAs/LABAs.22,25

Adherence levels in our study (as defined by PDC) 
were high, with adherent patients experiencing signifi
cantly increased exacerbation rates versus non-adherent 
patients. This is to be expected, as patients are more likely 
to adhere to medication if they are experiencing exacerba
tions that are not under control. It follows that adherent 
patients exhibited increased HCRU, likely reflecting the 
increased number of prescriptions these patients received 
and the associated number of GP visits.

For patients experiencing at least one exacerbation in 
the 12 months prior to their annual review, most reviews 
did not result in any change to their treatment regimen. 
This could suggest a clinical reluctance to alter treatment 
plans after a single exacerbation. Alternatively, it may be 
that standard rescue packs, which all patients can receive 
following an exacerbation,2 adequately controlled exacer
bations, masking the need for increased maintenance 
therapy.

The median duration of triple therapy was shown to be 
18.2 months; previous observational research has not 
tended to examine the duration of triple therapy.11–13

After step-down from triple therapy, most patients were 
recorded as being treated with ICS+LABA+SABA; this 
deviates from recommendations to remove ICS in some 
patients at low risk of experiencing an exacerbation, or in 
those with a lack of response or side effects, eg 
pneumonia.3 Exploration of the reasons for step-down 
was beyond the scope of the current study, but it is appar
ent that further understanding of factors leading to such 
clinical decision-making is needed. Patients remaining on 
ICS could represent those severely affected or still experi
encing exacerbations, as removal of ICS will not be appro
priate for some patients.

The results of our study can be used to further under
stand adherence to recommendations and optimization of 
patient treatment patterns. A key strength of this study is 
the large population for analysis derived from the primary 

Table 7 Time to Step-Down from Initiation of Triple Therapy, 
and Most Frequent Treatments Following Step-Down from Triple 
Therapy

Time to Stepping Down from Start of Triple 
Therapy, Months

Study 
Population 
(N = 82,300)

Patients who discontinued or stepped down, n (%) 48,616 (59.1)

Median (IQR) 5.2 (1.2–15.2)

Pathway, n (%)

ICS+LABA+SABA 14,785 (18.0)
LAMA+SABA 10,677 (13.0)

LAMA 9301 (11.3)

ICS+LABA 5120 (6.2)
ICS+LABA+SABA+SAMA 3144 (3.8)

LABA+LAMA+SABA 1403 (1.7)

ICS+LAMA+SABA 1154 (1.4)

Discontinued 1107 (1.3)

Note: Pathways with ≥1% of patients are reported. 
Abbreviations: ICS, inhaled corticosteroid; IQR, interquartile range; LABA, long- 
acting β2-agonist; LAMA, long-acting muscarinic antagonist; SABA, short-acting 
β2-agonist; SAMA, short-acting muscarinic antagonist.
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care setting, and that it provides a holistic view of treat
ment patterns over a considerable period of time, with 
results likely applicable to many populations of patients 
with COPD.

Limitations include that, firstly, as with other retro
spective database studies,26 treatment use was based on 
prescriptions issued rather than treatment dispensed or 
taken by the patient. However, we assumed that medica
tions were taken by the patient, with adherence estimated 
based on PDC, a commonly recognized study measure. 
Secondly, an algorithm for GOLD grouping was used in 
the absence of complete data (no HES linkage available) 
to estimate COPD severity; therefore, there is some pos
sibility of misclassification due to a certain level of inac
curacy inherent in this approach. Finally, the use of 
LAMA+LABA combinations has increased slowly over 
the past two decades, with results from a UK database 
study showing that the proportion of patients maintained 
on LAMA+LABA (in free or fixed combination) increased 
from 1% in 2001 to 5% in 2016.27 It is likely that this 
proportion has continued to grow with the increased avail
ability of fixed-dose combinations; therefore, an updated 
analysis including data from the last 4 years would 
possibly reveal changes in the pathways to triple therapy.

Conclusion
ICS+LABA, LAMA, and no prior therapy were the most 
common pathways to triple therapy. There was a relatively 
high frequency of prescribing ICS-containing regimens 
prior to triple therapy, particularly as the majority of 
patients were not asthmatic. This study also highlights 
the low (1.0%) prescribing frequency of dual bronchodi
lator therapy prior to triple therapy, despite GOLD 
recommendations.3 There is a need to better understand 
the factors driving clinical decision-making in the pharma
cological treatment of patients with COPD, specifically the 
factors affecting decisions to initiate triple therapy.

Estimated treatment adherence was recorded as high; 
higher adherence was associated with increased exacerbation 
rates during triple therapy and HCRU, as expected. A large 
proportion of patients stepped down treatment, and a better 
understanding of factors guiding these decisions is needed. 
Our results can be used to further understand pathways to 
triple therapy and optimization of treatment patterns.
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