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ABSTRACT

Introduction: Inhaled corticosteroids (ICS) are
often prescribed inappropriately alongside long-
acting bronchodilators for chronic obstructive
pulmonary disease (COPD). We aimed to
investigate if prescribing habits in the US and
UK differ from recommendations for initiation
of COPD maintenance therapy.

Methods: We used healthcare data from the US
IBM® MarketScan® and UK Clinical Practice
Research Datalink databases to assess exacerba-
tions and comorbidities in patients with COPD
initiating first maintenance therapy (1MT)
between 2015 and 2018. Patients with a recor-
ded asthma diagnosis prior to initiation of 1IMT
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were excluded. We evaluated time from recor-
ded diagnosis of COPD until initiation of 1MT,
and treatment regimen at 1MT (long-acting
muscarinic antagonist [LAMA], long-acting (.-
agonist [LABA], ICS, as monotherapy or in
combination).

Results: In the US and UK, median (IQR) time
between recorded COPD diagnosis and 1MT was
158 (12; 839) and 29 (1; 521) days, respectively.
Among the 53,473 US patients and 8786 UK
patients who initiated 1IMT, 50.9% and 32.4%
had > 1 exacerbation in the previous year. In
the US, 20% of patients initiated LAMA, 1%
LABA, 13% LAMA/LABA, and 66% an ICS-con-
taining regimen (49% LABA/ICS, 13% ICS, and
4% LAMA/LABA/ICS). In the UK, 53% of
patients initiated LAMA, 4% LABA, 16% LAMA/
LABA, and 27% an ICS-containing regimen
(14% LABA/ICS, 9% ICS, and 4% LAMA/LABA/
ICS).

Conclusions: At 1MT, two-thirds of patients in
the US received ICS-containing therapies, with
almost half on LABA/ICS. In contrast, less than
one-third received ICS-containing therapy in
the UK and more than half of patients received
LAMA. In both countries, more patients
received ICS-containing therapies at initiation
of IMT than would be expected based on
their  exacerbation  history,  suggesting
overprescribing.
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PLAIN LANGUAGE SUMMARY

Chronic obstructive pulmonary disease (COPD),
a smoking-related lung disease, restricts airflow
in the lungs, causing symptoms such as
breathlessness and coughing. To control symp-
toms, patients use one or more types of inhaled
‘maintenance’ medication, which can be pre-
scribed alone or together. When patients have a
short-term worsening of symptoms, doctors
often prescribe inhaled corticosteroids (ICS).
We wanted to see whether doctors’ prescribing
habits for maintenance inhalers are in line with
clinical guidelines, so we analyzed data from a
US health insurance database (~ 50,000
patients) and UK primary care medical records
(~ 8000 patients). We focused on patients with
a diagnosis of COPD who were prescribed their
first maintenance therapy (1MT) between 2015
and 2018. We excluded people with a diagnosis
of both COPD and asthma, as similar inhalers
are used to treat these conditions, although the
clinical decisions for when to prescribe them
differ. The average time between COPD diag-
nosis and 1MT was longer in the US (158 days)
than in the UK (29 days). A higher percentage of
patients in the US (~ 65%) versus UK (~ 25%)
were prescribed ICS as part of their treatment,
and ICS use in both countries was higher than
expected based on the guidelines, which rec-
ommend ICS only for patients with severe
COPD who meet certain criteria. Our findings
suggest overprescribing of ICS in both countries
(particularly the US), meaning that some
patients are being given medication without a
known clinical benefit, which puts them at risk
of side effects, possibly increasing unnecessary
healthcare costs.

Keywords: Bronchodilators; Clinical guide-
lines; COPD; Database; Inhaled corticosteroid;
Long-acting beta-agonists; Long-acting
muscarinic antagonists; Maintenance therapy;
Observational study

Key Summary Points

We analyzed ~ 53,000 patients from a
large commercial US healthcare database
and ~ 9000 patients from a UK primary
care database who had initiated their first
maintenance therapy (1MT) for COPD
between 2015 and 2018.

The time gap between diagnosis of COPD
and initiation of 1IMT was 158 days in the
US and 29 days in the UK.

In the US cohort, in which 51% of patients
had > acute exacerbation in the year prior
to 1IMT, the most common 1MT was a
long-acting B,-agonist combined with
inhaled corticosteroids (ICS) (49%).

In the UK cohort, in which 32% of
patients had >1 acute exacerbation in the
year prior to 1MT, the most common 1MT
was a long-acting muscarinic antagonist
monotherapy (53%).

In the US and UK, 66% and 27% of
patients were prescribed ICS-containing
therapies as 1MT, respectively. In both
countries, ICS were overprescribed based
on guideline recommendations regarding
exacerbation history.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD)
is a major cause of morbidity and mortality
worldwide, with significant medical and eco-
nomic burden, both in terms of hospitalizations
for the treatment of exacerbations as well as the
costs of maintenance therapy and outpatient
treatment [1]. COPD is the fourth-leading cause
of death in the US and the fifth-leading in the
UK [2, 3]. An estimated 24 million adults in the
US are living with COPD [4, 5], with more than
USD 32 billion spent on COPD-related patient
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care in 2010 [6]. In the UK, an estimated 1.2
million people are living with diagnosed COPD
[7], and the British Lung Foundation estimates
that COPD costs the UK National Health Service
GBP 1.9 billion annually [8, 9].

The goals of COPD treatment are to reduce
symptoms, decrease the risk of exacerbations,
and improve health status and exercise toler-
ance [10]. To achieve these goals, recommen-
dations from the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) 2021 strategy
report offer a model for initiation of pharma-
cotherapy, based on an individualized assess-
ment of symptoms and exacerbation risk (the
ABCD classification system), as well as the
presence of comorbidities (Supplementary
Table 1) [10-12]. Long-acting bronchodilators,
either as monotherapy (long-acting muscarinic
antagonist [LAMA] or long-acting B,-agonist
[LABA]) or dual therapy (LAMA/LABA) [10] are
the most common initial maintenance therapy
for patients with COPD, with inhaled corticos-
teroids (ICS) reserved as an add-on therapy (in
combination with one or two bronchodilators)
for patients with a history of asthma, or a his-
tory of exacerbations (>2 moderate exacerba-
tions or >1 exacerbation leading to
hospitalization in the previous year) together
with a blood eosinophil count of >300 cells/pl,
for patients with one exacerbation in the pre-
vious year, or >100 cells/pul, for patients with >2
moderate exacerbations or >1 exacerbation
leading to hospitalization in the previous year
[10].

Guidelines from the American Thoracic
Society (ATS) recommend LAMA/LABA over
LAMA or LABA monotherapy in patients with
COPD and dyspnea or exercise intolerance, with
triple therapy (LAMA/LABA/ICS) only recom-
mended for patients who have had >1 exacer-
bation in the past year [11, 13]. In the UK, the
National Institute for Health and Care Excel-
lence (NICE) recommends that patients are
treated with a LAMA/LABA combination unless
they have features suggesting asthma or steroid
responsiveness, in which case they should be
offered LABA/ICS [12].

Despite this guidance, several studies inves-
tigating prescribing patterns among patients
with COPD in clinical practice suggest that ICS

are often prescribed for less severe disease than
is recommended [14-17], which can expose
patients to the unnecessary risk of local adverse
events (AEs) such as oral thrush and hoarseness;
respiratory AEs such as pneumonia; and sys-
temic AEs such as osteoporosis/risk of bone
fractures, cataracts and glaucoma, diabetes and
skin thinning/bruising [18-21]. Given these
previously published reports, we aimed to fur-
ther investigate if, and to what extent, pre-
scribing habits in the US and UK differ from
each other, and from global and national rec-
ommendations for initiation of maintenance
therapy.

To do this, we conducted a study using two
databases from the US and UK to assess exacer-
bations and comorbidities in patients with
COPD without prior asthma, who initiated first
maintenance therapy (1MT) between 2015 and
2018. We also aimed to evaluate the time from
recorded diagnosis of COPD to initiation of
IMT, and treatment choice at 1MT (LAMA,
LABA, ICS monotherapy or combination).

METHODS

Study Design and Patients

This retrospective cohort study analyzed longi-
tudinal electronic healthcare records from the
US and the UK. Patients eligible for inclusion
were at least 40 years old, with a confirmed
COPD diagnosis (identified using International
Classification of Diseases and Related Health
Problems [ICD] codes in the US and Read codes
in the UK; Supplementary Table 2) and >
12 months of prior continuous enrollment in
the US and UK databases in order to establish
baseline characteristics.

Eligible patients had initiated maintenance
therapy in the form of LAMA, LABA or ICS
(mono therapy, dual therapy, or triple therapy)
between 21 May 2015 and 31 March 2018 in the
US (based on dispensing records), and between
1 July 2015 and 31 Dec 2018 in the UK (based
on prescriptions). Patients were followed up
until end of study period, end of continuous
enrollment, or death. Patients diagnosed with
asthma during the follow-up period were
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censored at the time of asthma diagnosis, and
therefore not included in the analysis.

Maintenance therapy was defined as at least
30 days of continuous use of LAMA, LABA or
ICS as monotherapy, dual therapy or triple
therapy (open- or fixed-dose combination) after
the recorded COPD diagnosis (first patient
health claim for COPD [US]; first appearance of
Read code in Clinical Practice Research Datalink
[CPRD] database [UK]), including a 14-day
allowable gap between individual drug fills to
account for possible under-dosing of mainte-
nance therapies and skipping or forgetting to
take doses (Fig. 1).

As this was an observational study based on
de-identified patient-level data from healthcare
databases reported in aggregate only, the study
did not require ethics committee approval, nor
were subjects required to provide informed
consent.

The US Data Source

The US data were from the IBM® MarketScan®
database, which is drawn from large employers,
health plans and public organizations in the US,
including the Commercial Claims and
Encounters Database, the Medicare Supple-
mental and Coordination of Benefits database,
and the Medicaid database. The databases cap-
ture longitudinal, individual-level data on
healthcare utilization, healthcare expenditures
and plan enrollment, and contain integrated
records for patient demographics, inpatient and
outpatient events, and medicines dispensed by
pharmacies from all US states.

The UK Data Source

The UK data were from the CPRD GOLD, an
electronic database of de-identified longitudinal
electronic health records from general practi-
tioner (GP) practices across the UK [22]. The
database includes diagnostic and prescribing
information for each registered patient [22-24];
however, dispensing data are not recorded. For
access to CPRD data, a protocol (number:
19_147) was approved by an Independent Sci-
entific Advisory Committee.

Study Variables

We used ICD codes (US) and Read codes (UK) to
describe the characteristics of patients with
COPD according to various demographic and
clinical characteristics (Supplementary Table 2),
and concomitant medication use, at the date of
initiation of any monotherapy, dual therapy or
triple combination of LAMA, LABA or ICS as
IMT after 21 May 2015 (US) or 1 July 2015 (UK).
We also estimated the time between COPD
diagnosis and 1MT.

With the exception of comorbidities, all
baseline variables were assessed in the 365-day
baseline period before recorded COPD diagno-
sis. Chronic comorbidities were assessed
between the earliest date available in the data-
bases (2008 in the US and 1987 in the UK) and
diagnosis of COPD. Ratio of forced expiratory
volume in 1s to forced vital capacity (FEV,/
FVC; available in the UK database only) was
reported based on the last available record prior
to initiation of 1MT.

The number of COPD exacerbations was
estimated during the 365-day period prior to
initiation of 1IMT. COPD exacerbations in the
US were defined as any of the following: an
acute COPD exacerbation diagnosis; a claim for
an oral antibiotic or an oral corticosteroid on
the same day, or within 7 days following an
outpatient COPD diagnosis/visit; an inpatient
COPD diagnosis; hospitalization due to a respi-
ratory condition; an emergency department
visit with a COPD diagnosis; or a lower respi-
ratory tract infection diagnosis [25]. In the UK,
COPD exacerbations were defined as an acute
COPD exacerbation or respiratory failure diag-
nosis; a lower respiratory tract infection diag-
nosis; or a prescription for an oral antibiotic or
oral corticosteroid on the same day, or within
7 days following a COPD diagnosis (in line with
a previous classification strategy proposed by
Rothnie et al.) [26].

Statistical Analyses

Continuous variables were presented as mean
(standard deviation) and/or median [interquar-
tile range (IQR)], and categorical variables were
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1: LAMA drug use occurs continuously for 30 days

30 days

8 Y T PR

[E Monotherapy start

2: LAMA drug use occurs for multiple periods with a gap of 14 days or less

15 days 10-day gap 5 days
r N ~————
N I I DN LAMA

[E Monotherapy start

3: LAMA drug use occurs for multiple periods with a gap of 14 days or less,
no overlap with other drugs for 30 days

15 days 10-day gap 5 days
r aYe ~——~——
CIITTITTITITTITITT1T1] DN LAMA
CITTT] rABa

[B Monotherapy start

B

1: Continuous use of LAMA and LABA, overlapping for at least 30 days

30 days

CITTTTTTTTTTTTTTTTTTTTTTTITTITTITTTTTT] LAMA
CTTTTTTTTTTTTITTITITTTTTITITTITTITTTIT] LABA

[ Dual therapy start

2: LAMA and LABA overlap for at least 30 days, with a 14-day allowable gap
between individual drug fills

15 days 10-day gap 5 days
r N7 ~——
N I I DN LAMA
20 days 5-day gap 10 days
r N N

LTI PP rrrrrTd CITTTTTTTT] LABA

[B Dual therapy start

3: Continuous use of LAMA/LABA as a dual fixed-dose combination therapy
(FDCQ), for at least 30 days with allowable gap

30 days

i " LAMA/LABA FDC
I T P S P

[E Dual therapy start

Fig. 1 Possible scenarios for maintenance therapy. A Monotherapy. B Dual therapy. C Triple therapy
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1: Continuous use of LAMA, LABA and ICS with allowable gaps, overlapping

for at least 3o days
30 days

I Y T T O VLV 8
I I IITT1] CITITITITITT] LABA
T D (3

@ Triple therapy start

2: Continuous use of LAMA and LABA/ICS fixed-dose combination (FDC)
with allowable gaps, overlapping for at least 30 days

30 days

e

N

COITTTTTTTTTTTTTTIT] [T TTTTTT] T LAMA

T AT LABA/ICS FDC

[E Triple therapy start

3: Continuous use of LAMA/LABA/ICS as a triple FDC therapy for at least 30 days

with allowable gap
30 days

Ve

N

MTTTTTTTTTTTTTTTTTTTTTTTTTTTT] LAMA/LABA/ICS FDC

[ Triple therapy start

Fig. 1 continued

presented as absolute and relative frequencies.
Data were analyed both overall and stratified by
maintenance therapy regimen. The distribution
of therapies used as 1MT was also described.

Missing data in covariates or descriptive
variables were classified as their own category.
In addition, a feasibility assessment was per-
formed before beginning the analyses, and
variables with > 75% missing values were
excluded from all analyses, except baseline
characteristics. If a variable was left with only
one category other than that of missing, the
variable was completely excluded.

All analyses were conducted using the Aetion
Evidence Platform® (2020; Aetion Inc., New
York, NY, USA), a software platform for real-
world data analysis, which has been validated
for a range of studies [27].

RESULTS

Patient Characteristics at Initiation of First
Maintenance Therapy (1IMT)

In total, 53,473 patients from the US and 8786
patients from the UK who initiated 1IMT were
included in the analysis (Fig. 2). Patient char-
acteristics at 1IMT are presented for the US
(Table 1) and the UK (Table 2). Within each
country, patient age and gender distribution at
IMT were similar across the treatment groups.
FEV,/FVC data, which were only available in
the UK, were also similar across treatment
groups.

Exacerbations
Data for exacerbations are presented for the US
(Table 1) and the UK (Table 2).

In the US, 50.9% of patients had > 1 exac-
erbation in the year preceding the initiation of
IMT (range: 43.4% [LAMA/LABA] to 69.8%
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Patients with COPD

(N=4,335,939)

Excluded due to <365 days continuous
enrollment with medical and pharmacy benefit
prior to COPD diagnosis, age <40 years
(n=3,055,453)

v

Cohort meeting
selection criteria
(n=1,280,486)

Excluded due to 1MT initiation
before 21st May 2015 or asthma
diagnosis prior to index date
(n=1,227,013)

v

Patients initiating 1MT
included in the analysis

(n=53,473)

Patients with COPD
(N=697,002)

Excluded due to <365 days continuous

enrollment prior to COPD diagnosis, age
<40 years, or missing age or gender

l (n=605,147)

Cohort meeting
selection criteria

(n=91,855)

v

Excluded due to 1MT initiation
before 1st July 2015 or asthma
diagnosis prior to index date
(n=83,069)

v

Patients initiating 1IMT

included in the analysis
(n=8786)

Fig. 2 Cohort selection criteria and patient counts. A US (MarketScani®). B UK (CPRD). IMT first maintenance
therapy; COPD chronic obstructive pulmonary discase
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[LAMA/LABA/ICS]). When considering ICS
users in the US (ICS, LABA/ICS, LAMA/ICS or
LAMA/LABA/ICS), 47.1% of patients had no
record of exacerbation in the year preceding the
initiation of 1MT.

In the UK, 32.4% of patients had > 1 exac-
erbation in the year preceding the initiation of
IMT (range: 28.0% [LABA] to 41.2% [LAMA/
LABA/ICS]). When considering ICS users in the
UK (ICS, LABA/ICS, LAMA/ICS or LAMA/LABA/
ICS), 61.4% of patients had no record of exac-
erbation in the year preceding the initiation of
IMT.

Respiratory Burden and Comorbidities
In the US, 25.8% and 15.9% of patients had a
recorded history of upper and lower respiratory
tract infections at 1MT, respectively. The per-
centage of patients with a history of pneumonia
and chronic bronchitis at IMT was 18.6% and
9.7%, respectively. A history of lung fibrosis was
reported in 3.5% of patients (Table 1).

In the UK, 43.3% and 55.0% of patients had
a recorded history of upper and lower respira-
tory tract infections at 1MT, respectively. The
percentage of patients with a history of pneu-
monia and chronic bronchitis at IMT was 8.8%
and 0.6%, respectively. A history of lung fibrosis
was reported in 1.0% of patients (Table 2).

60
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Medication Use
In the US, the percentage of patients using oral
corticosteroids in the year preceding the initia-
tion of 1IMT was 43.5% (range: 36.4% [LAMA] to
47.1% [ICS]) and the percentage using oral
antibiotics was 70.7% (range: 65.3% [LAMA] to
74.9% [ICS]). Use of oxygen therapy in the year
prior to 1IMT was reported by 8.6% of patients
(range: 6.3% [ICS] to 16.2% [LABA]; Table 1).
In the UK, the percentage of patients using
oral corticosteroids in the year preceding the
initiation of 1MT was 26.9% (range: 24.4%
[LAMA] to 37.7% [LABA/ICS]) and the percent-
age using oral antibiotics was 58.4% (range:
53.4% [LABA] to 66.2% [LABA/ICS]). Use of
oxygen therapy in the year prior to 1MT was
reported by 0.3% of patients (range: 0.3%
[LAMA] to 0.6% [LAMA/LABA]; Table 2).

Treatment Choice at 1IMT

In the US, 66.1% of patients initiated an ICS-
containing regimen as 1MT (49.3% LABA/ICS,
12.6% ICS, and 4.2% LAMA/LABA/ICS), fol-
lowed by LAMA (20.4%), LAMA/LABA (12.6%),
and LABA (0.7%) (Fig. 3).

In the UK, 26.3% of patients initiated an ICS-
containing regimen as 1IMT (13.7% LABA/ICS,
8.6% ICS, and 4.0% LAMA/LABA/ICS), with
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Fig. 3 Treatments received in the US and UK as IMT"
*The categorization is mutually exclusive and collectively
exhaustive. IMT first maintenance therapy, CPRD Clin-
ical Practice Research Datalink, GOLD Global Initiative
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LAMA the most common IMT (53.2%), fol-
lowed by LAMA/LABA (16.0%), and LABA
(4.3%) (Fig. 3).

Time from Diagnosis to IMT

In the US, median (IQR) time from diagnosis to
initiation of 1IMT was 158 (12; 839) days rang-
ing from 78 days (LAMA/LABA/ICS) to 242 days
(ICS; Table 1). In the UK, median (IQR) time
from diagnosis to initiation of 1IMT was 29 (1;
521) days ranging from 19 days (LAMA/LABA
and LAMA/LABA/ICS) to 708 days (ICS;
Table 2).

DISCUSSION

In this retrospective analysis of healthcare data
from the US and UK, the overall patient popu-
lations were similar between the two countries
in terms of age and gender distribution, but
different in terms of disease severity. Patients in
the US group had a higher exacerbation history
than those in the UK group (50.9% vs. 32.4%
with > 1 exacerbation in the year prior to 1MT),
as well as a higher prevalence of comorbidities
(with the exception of upper and lower respi-
ratory tract infections) and concomitant medi-
cation use (oral corticosteroids and antibiotics).
Comparison of treatment groups within each
country showed that patient and disease char-
acteristics were generally similar across the
therapy classes in both the US and UK. The
median time from diagnosis to initiation of
IMT was much longer in the US (158 days)
compared with the UK, where patients initiated
their 1IMT on average within a month (29
days). Regarding prescribing patterns, striking
differences were observed between the US and
the UK, with almost half of patients (49%)
prescribed LABA/ICS at initiation of 1MT in the
US, compared with over half (53%) of patients
prescribed LAMA monotherapy in the UK pri-
mary care setting at IMT.

The reason for the observed difference in
time from diagnosis to initiation of 1MT
between the US and UK is not clear, though
several factors (in addition to the inherent dif-
ferences in the data sources) may have

contributed. In the US, the cost implications of
initiating maintenance therapy (e.g., type of
health plan coverage) may have delayed pre-
scription claims, whereas this is unlikely to have
been a factor in the UK, where the cost of pre-
scription is the same regardless of inhaler (e.g.,
single versus dual) and free for those aged over
60 years. It is also possible that patients in the
US had milder disease (e.g., they were diagnosed
at an earlier stage of disease) than patients in
the UK, and were therefore able to achieve
adequate control with, for example, short-act-
ing bronchodilators for symptom relief for a
longer period before initiating long-acting
maintenance therapy. However, in the absence
of spirometry data from the US database, and
quantitative dyspnea scores from both US and
UK databases, it is not possible to state this with
any degree of certainty.

At IMT in the UK, 53% of patients were
prescribed LAMA, consistent with the
2010-2018 NICE guidelines [28, 29], which
recommend initiation of LAMA monotherapy
in patients with breathlessness or exacerbations
(32% in this study). In the US, prescribing pat-
terns reflect the ATS guidelines, which recom-
mend ICS as an add-on therapy to long-acting
bronchodilators in patients with a history of > 1
exacerbation in the past year who required
antibiotics or oral steroids [11, 13]. In our study,
49% of US patients received LABA/ICS as 1MT,
and 53% of these patients reported > 1 exacer-
bation in the year preceding initiation of 1MT
(in total, 44% of patients had used oral corti-
costeroids and 71% had used oral antibiotics).
These data suggest concordance between
patients’ exacerbation history and ATS guideli-
nes for use of ICS-containing therapy. In the
context of GOLD, which recommends addition
of ICS to LABA in patients with > 2 moderate
exacerbations (or 1 exacerbation leading to
hospitalization) in the previous year, the US
data suggest that ICS are overprescribed. Only
22% of US patients had > 2 exacerbations in the
year prior to 1IMT, yet 66% of patients were
prescribed ICS-containing treatments. This
means that many of these prescriptions were
not in accordance with GOLD recommenda-
tions in regard to history of previous exacerba-
tions [10]. However, additional data would be
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required to make a fuller assessment of adher-
ence to GOLD, including the severity of exac-
erbations and the percentage of patients with a
blood eosinophil count > 300 cells/ul at 1MT.
Indeed, the absence of data on exacerbation
severity in our study precludes any assessment
of how many patients with 1 exacerbation in
the previous year would have qualified for
escalation to ICS based on the GOLD recom-
mendations (had these patients required hos-
pitalization for their exacerbation).

In the UK, 26% of patients were prescribed
ICS-containing regimens at 1MT, with 12%
experiencing > 2 exacerbations in the previous
year. Hence, similar to the US cohort, many
patients may have been overprescribed ICS,
based on their exacerbation history and the
GOLD and NICE guidelines, considering that
patients with a co-diagnosis of asthma were
excluded from the analysis [12] (the 2010-2018
NICE guidelines state that triple therapy should
be considered in the presence of persistent
symptoms or exacerbations despite bron-
chodilator monotherapy, but do not quantify
the term ‘persistent’).

In the accompanying paper in this issue, we
report that, based on exacerbation history, ICS
is also overused as second maintenance therapy
(2MT) compared with global and national rec-
ommendations. At 2MT, around one in three
patients in both the US and UK were prescribed
triple therapy (LAMA/LABA/ICS), with patients
most commonly escalating from LABA/ICS in
the US and LAMA monotherapy in the
UK. These analyses used data from large medical
databases in the US and the UK that are repre-
sentative of the COPD population in each
country: MarketScan® includes data from 155.8
million patients across all regions in the US, and
CPRD GOLD includes data from 14.7 million
patients registered at 714 GP practices across the
UK. In the US, pharmacy dispensing informa-
tion is seen as the gold standard of drug expo-
sure information [30]. However, US prescribing
patterns may be affected by factors such as drug
formularies and respective insurance coverage
and co-pays, which may influence practitioners
to prescribe combination inhalers from the
outset rather than stepping up therapy. Medi-
caid, for instance, limits the number of

reimbursable prescriptions for branded medica-
tions [31]. In addition, prescriptions in the US
may be influenced by treatment costs and for-
mulary coverage.

A number of studies have found that adher-
ence to national guidelines is associated with
lower healthcare costs [32, 33]. A study using
the Geisinger Health System database in the US
identified patients initiating a first prescription
for COPD and classified them as adherent or
non-adherent to GOLD recommendations,
based on their pulmonary function test, i.e.,
GOLD 1-4 [32]. Adhering to GOLD recom-
mendations was associated with lower costs in
patients with moderate to severe COPD [32].
Another study in the UK concluded that the
treatment algorithm recommended by NICE in
the UK represented a cost-effective approach for
the management of COPD [33].

Limitations

This retrospective cohort study was conducted
using data from analyzed longitudinal elec-
tronic healthcare records and is therefore sub-
ject to a number of limitations. While the
records from MarketScan® and CPRD GOLD
strive for high-quality data, it is possible that
some patients with COPD and asthma may have
had their condition incorrectly diag-
nosed/coded, influencing the prescribing pat-
terns we observed (patients with asthma are
more likely to be prescribed ICS). In addition,
even for patients whose condition was correctly
coded, individual values for demographic and
clinical parameters may also have been missing
from the database or recorded incorrectly. This
is more likely to be a factor within the US
dataset, given the well-documented high turn-
over rate of patients within US commercial
datasets (e.g. due to changes in employment or
marital status). MarketScan® data are provided
by large employers and health plans, but it is
possible that data from medium and small
employers may be under-represented. CPRD
GOLD only includes data from primary care,
and although prescriptions from secondary
settings are very uncommon, these may have
been missed. Unlike the US database, the CPRD
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database records medications prescribed, but
not medications dispensed.

Patients were required not to have used any
maintenance medications in the year before
cohort entry. Furthermore, maintenance thera-
pies used for < 30 days were excluded by design;
therefore, patients with short overlaps of other-
wise legitimate maintenance therapy episodes
would be counted as not having any mainte-
nance therapy use. As lung function data were
not available in the MarketScan® database, it is
not possible to know what proportion of US
patients had a diagnosis of COPD based on air-
flow obstruction (FEV,/FVC < 70%, as per the
GOLD criteria). In a previous US study conducted
in a community-based practice, only 43% of
patients met the GOLD criterion for airflow
obstruction [34]. This might partly explain the
high use of LABA/ICS observed in our US dataset
because, in the absence of pulmonary function
data, physicians may be more inclined to pre-
scribe ICS due to uncertainty around a potential
diagnosis of asthma. The absence of spirometry-
confirmed COPD in the US makes the overpre-
scription we observed even more striking, as it
suggests that many patients may have been pre-
scribed ICS without confirmation of airflow
obstruction. A further possibility is that discount
coupons/rebates issued by drug manufacturers in
the US, or prescribing restrictions for first-line
therapy imposed by certain insurers, may have
influenced prescribing patterns. In the UK data-
set, not all data on hospitalizations or emergency
department visits may be recorded in CPRD,
which is a limitation because exacerbations are
likely to be under-reported when no linkage to
hospital data is performed. Lastly, exacerbation
severity (moderate vs. severe) was not recorded in
either country.

CONCLUSIONS

In this retrospective analysis of healthcare
databases in the US and UK, 50.9% of US
patients and 32.4% of UK patients had > 1
exacerbation in the year prior to initiating
COPD maintenance therapy. In the US, two-
thirds of patients received ICS-containing ther-
apies at 1MT, with almost half prescribed LABA/

ICS. In contrast, less than one-third received
ICS-containing therapy in primary care in the
UK, and more than half of patients received
LAMA.

In both countries, more COPD patients
(without an asthma co-diagnosis) received ICS-
containing therapies at initiation of 1IMT than
would be expected based on their exacerbation
history alone, indicating overprescription of
ICS, particularly in the US. In the UK, patients
were treated according to the 2010-2018 NICE
guidelines and received LAMA at initiation of
1MT, based on their history of exacerbations.
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