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Abstract

This retrospective cohort study aimed to analyze the prescribing practices of
general practitioners treating patients with newly diagnosed chronic obstructive
pulmonary disease (COPD), and to assess characteristics associated with initial
pharmacotherapy. Patients were identified in the General Practice Research
Database, a population-based UK electronic medical record (EMR) with data
from January 1, 2008 to December 31, 2009. Patient characteristics, prescribed
COPD pharmacotherapies (<12 months before diagnosis and within 3 months
following diagnosis), co-morbidities, hospitalizations, and events indicative of a
possible COPD exacerbation (<12 months before diagnosis) were analyzed in 7881
patients with newly diagnosed COPD. Most patients (64.4%) were prescribed COPD
pharmacotherapy in the 12 months before diagnosis. Following diagnosis, COPD
pharmacotherapy was prescribed within 3 months in 85.0% of patients. Short-
acting bronchodilators alone (22.9%) or inhaled corticosteroids + long-acting
beta-2 agonists (ICS+LABA, 22.1%) were prescribed most frequently. Compared
with other pharmacotherapies, the prevalence of severe airflow limitation was
highest in patients prescribed ICS+LABA+long-acting muscarinic antagonists
(LAMA). Moderate-to-severe dyspnea was identified most frequently in patients
prescribed a LAMA-containing regimen. Patients prescribed an ICS-containing
regimen had a higher prevalence of asthma or possible exacerbations recorded in
the EMR than those not prescribed ICS. In conclusion, pharmacotherapy prescribed
at initial COPD diagnosis varied by disease severity indicators as assessed
by airflow limitation, dyspnea, history of asthma, and possible exacerbations.
Frequent prescription of COPD pharmacotherapies before the first-recorded COPD
diagnosis indicates a delay between obstructive lung disease presentation in
primary care practice and assignment of a medical diagnosis.

Introduction

Chronic obstructive pulmonary disease (COPD) is a common and treatable
condition that is characterized by persistent airflow limitation. It is usually
progressive and associated with an enhanced, chronic inflammatory response
in the respiratory system to noxious particles or gases (1).

A variety of pharmacotherapies are available for the treatment of COPD.
The most commonly prescribed inhaled pharmacotherapies include: short-
and long-acting beta-2 agonists (SABAs and LABAs, respectively), short-
and long-acting muscarinic antagonists (SAMAs and LAMAs), inhaled
corticosteroids (ICSs), and the combination of a LABA and an ICS, either
used in one inhaler or separately, or in combination with a LAMA (2).
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Guidelines that are available to aid pharmacotherapy
decisions include the well-established Global Initiative for
Chronic Obstructive Lung Disease (GOLD) strategy (1);
those from the American College of Physicians, American
College of Chest Physicians, American Thoracic Society,
and European Respiratory Society (3); and national guide-
lines, such as those from the National Institute for Health
and Clinical Excellence (NICE) in the UK (4).

When treating COPD in primary care, recent stud-
ies have shown that physician adherence to prescribing
guidelines may be suboptimal (5-9). In the UK, a national
audit has shown that patients are not benefitting from
many of the interventions recommended in NICE guid-
ance (4, 10); for example, 11% of patients treated for acute
COPD exacerbations had not been receiving COPD
pharmacotherapy. In the USA, studies have shown that
23-52% of patients did not receive any COPD-related
pharmacotherapy following diagnosis (5, 6, 11). Further-
more, outside North America and Europe, global COPD
guidelines appear to have limited reach and application
(12). Low adherence to guidelines has been attributed
to factors including a lack of familiarity with guidelines,
physician doubt in the ability to change patient behavior,
and time constraints (8, 9).

There is limited literature describing patient and dis-
ease factors that relate to physician prescribing. Large
electronic medical record (EMR) databases based on
routinely delivered patient care, such as the UK Gen-
eral Practice Research Database (GPRD), can be useful
for studying prescribing practices. The GPRD, to which
general practices have contributed medical history data
since 1987, has been used extensively in studying patients
with COPD. The GPRD algorithm used to identify COPD
diagnosis has been validated (13, 14). Since April 2004,
the introduction of the Quality Outcomes Framework
in the UK has mandated practices to document care for
COPD using predefined clinical standards that include
COPD diagnosis confirmed with spirometry and the
monitoring of breathlessness using the Medical Research
Council (MRC) dyspnea scale.

The aims of this analysis were to describe prescrib-
ing practices of general practitioners (GPs) for patients
newly diagnosed with COPD, and to assess patient
characteristics associated with initial COPD pharmaco-
therapy, in order to assess unmet needs in COPD and to
target interventions to educate and support physicians
who treat patients with COPD.

Methods

Study design

A retrospective cohort of patients newly diagnosed
with COPD (incident COPD cases) was identified in
the GPRD from January 1, 2008 to December 31, 2009.
Patient data were included for the 12 months preceding
the first diagnosis of COPD (COPD index date) and for
3 months of follow-up. Prescribed pharmacotherapies
and corresponding patient characteristics were analyzed
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for all newly diagnosed patients. Anonymized patient
data were analyzed. Read codes, used to identify medi-
cal conditions or pharmacotherapies, were reviewed by
a clinician or pharmacist. Previous validation studies
have confirmed the completeness and high quality of the
computer-recorded general practice data and the accu-
racy of COPD diagnosis in the GPRD (13, 14). The study
protocol was reviewed and approved by the Independent
Scientific Advisory Committee of the UK Medicines and
Healthcare Products Regulatory Agency.

Patients

Patients were identified as incident COPD cases accord-
ing to the following criteria: at least 40 years of age at the
time of incident diagnosis; at least one COPD-related
medical code first recorded between January 1, 2008
and December 31, 2009; a diagnosis of COPD con-
firmed by spirometry (forced expiratory volume in one
second/forced vital capacity [FEV,/FVC] < 0.7); at least
12 months of medical history before the COPD index
date; and 24 months of follow-up, unless death occurred
(15). Patients with a record of a prior diagnosis of COPD
or COPD-related medical code any time in the past his-
tory were excluded. The first 3 months of follow-up are
reported here.

Study variables

Patient characteristics were assessed at COPD index date.
Patient data were grouped according to age (40 to <65
years and =65 years), body mass index (BMI; using the
World Health Organization classifications of underweight
if <18.5 kg/m?® normal if 18.5-24.9 kg/m’, overweight if
25.0-29.9 kg/m’, obese if >30.0 kg/m’®), and smoking
status (ex-smoker, current smoker, never smoker, other
smoker [data not available or passive tobacco expo-
sure]). Severity of airflow limitation at the index date
was defined based on the 2006 GOLD lung obstruc-
tion classification, using the first post-bronchodilator
FEV, measurement following or occurring on inci-
dent diagnosis and classified as mild (FEV, > 80% pre-
dicted), moderate (50% < FEV, < 80% predicted), severe
(30% < FEV, <50% predicted) or very severe (FEV, < 30%
predicted) impairment (16).

Co-morbid conditions were evaluated using adjusted
Charlson’s co-morbidity index scores (with acquired
immunodeficiency syndrome removed due to alow prev-
alence in the general population) (17). The prevalence of
selected diseases listed in Charlson’s co-morbidity index
(acute myocardial infarction, congestive heart disease,
cancer, peripheral vascular disease, renal disease), with
the addition of depression, anxiety, and asthma, were
recorded if a diagnostic medical code (Read code) was
present at any time in a patient’s record. A medical code
for a diagnosis of asthma ever in the patient history was
considered to be a possible indicator of asthma. It was
not considered necessarily a ‘true’ diagnosis of asthma,
as the presence of a code may represent COPD that was
initially misdiagnosed as asthma.

Copyright © 2014 Informa Healthcare USA, Inc



Healthcare utilization, including exacerbations
Healthcare utilization, as an indicator of disease bur-
den, was assessed in the 12 months before the new
COPD diagnosis. All-cause hospitalizations (exclud-
ing COPD hospitalizations) were identified by GPRD
medical codes. Events indicative of possible moderate
COPD exacerbations included a medical diagnosis of
acute bronchitis, or concurrent treatment with oral
corticosteroids and antibiotics. The number of GP vis-
its (in-office visits only, maximum of one visit counted
per day) during the 12 months before the COPD index
date was standardized per 365.25 days. The MRC score
for dyspnea severity was defined based on recordings
between the index date and 3 months of follow-up,
where available (18, 19).

COPD pharmacotherapy

Prescribed COPD pharmacotherapies were identified
within 3 months (including day of diagnosis) after a new
diagnosis. The numbers and proportions of patients in
each of the following categories were determined: no
prescription for COPD pharmacotherapy; prescrip-
tion for a short-acting bronchodilator (SABD) alone (a
SABA alone, a SAMA alone, or SABA+SAMA); a LABA
alone; an ICS alone; a LAMA alone; LABA+LAMA;
ICS+LABA; ICS+LAMA; and ICS+LABA+LAMA
(triple therapy). The duration of each prescription
was assumed to be 30 days. Combination pharmaco-
therapies were defined as two or more unique medica-
tion prescriptions on the same day or within a 30-day
period of each other, and could include individual
pharmacotherapies or dual combination products. The
prescribed pharmacotherapy categories were mutually
exclusive, with the exception of SABD use in patients
who were prescribed maintenance pharmacotherapy.
The proportion of patients prescribed various COPD
pharmacotherapies was determined for the total COPD
population, and stratified by selected patient and disease
characteristics.

Statistical methods

Logistic regression was used to examine the factors
determining the choice of initial maintenance phar-
macotherapy (prescribed within the 3-month follow-
up period) using three backwards selection models
for: ICS-containing combinations (ICS, ICS+LABA,
ICS+LAMA, ICS+LABA [single inhaler]) versus long-
acting bronchodilators only (LABDs [LAMA, LABA,
LABA+LAMAYJ); triple therapy versus ICS-combination
pharmacotherapy; and triple therapy versus LABDs.
Variables examined included age, sex, BMI, smoking
status, airflow limitation, Charlson’s co-morbidity index
score, individual co-morbidities, and healthcare uti-
lization events that occurred in the 12 months before
the COPD index date, including events indicative of
possible exacerbations, all-cause hospitalizations, and
number of GP office visits. MRC dyspnea scores in the
3-month follow-up period could not be included as this
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information was missing for more than 20% of patients.
Statistical analyses were performed using SAS software,
version 9.1 (SAS Institute, Cary, North Carolina, USA).

Results

A study population of 7881 patients newly diagnosed
with COPD was identified from the GPRD (Figure 1).
A slight majority of patients were male (55.0%) and 265
years old (59.1%), and 38.6% of patients were classified
as current smokers (Table 1). A total of 70.1% of patients
had mild or moderate airflow limitation (Table 1).

COPD prescription frequencies at incident COPD
diagnosis

The most frequently prescribed COPD pharmacothera-
pies were an SABD alone (22.9%) and ICS+LABA (22.1%),
followed by LABD(s) alone (15.6%), triple therapy (10.6%),
and an ICS alone (9.2%) (Figure 2). A small proportion
of patients were prescribed other pharmacotherapies,
including ICS+LAMA (1.5%) and LABA+LAMA (0.7%)
(Figure 2). For 15.0% of patients, no COPD pharmaco-
therapy was prescribed within 3 months following a new
diagnosis of COPD.

Age, smoking status, and BMI did not vary apprecia-
bly among pharmacotherapies prescribed (Table 1). A
prior diagnosis code of asthma was identified in 32.9%
of patients overall (Table 1). The proportion of patients
with a prior asthma diagnosis varied considerably among
prescription categories: no COPD pharmacotherapy:
14.7%; SABD alone: 18.3%; LABA alone: 26.0%; LAMA
alone: 23.9%; ICS alone: 45.0%; ICS+LABA: 52.1%; and
triple therapy: 50.2%. The distribution of pharmacother-
apies among patients with at least one asthma code and
COPD compared with COPD alone was notably differ-
ent (Figure 3). An ICS containing pharmacotherapy was
prescribed for 68% of patients with COPD and at least
one code for asthma compared with 43% for patients
with COPD without an asthma code.

The frequency of prescription category was strati-
fied by GOLD stage of airflow limitation and MRC
score at COPD index date (Table 1). GOLD stage of
airflow limitation was unknown for 240 (3.1%) patients.
The proportion of patients with GOLD stages III or IV
airflow limitation (severe or very severe COPD) ranged
from 22.5% for patients prescribed SABD alone to
43.5% for patients prescribed triple therapy, whereas
14.5% who were prescribed no pharmacotherapy had
GOLD stages III or IV of airflow limitation. In total,
45.2% of patients with GOLD stages I or Il airflow limi-
tation, and 61.9% with GOLD stages III or IV airflow
limitation, were prescribed an LABD, either alone or
in combination. An ICS, either alone or in combina-
tion, was prescribed to 40.1% of patients with GOLD
stages I or II airflow limitation, and 52.1% with GOLD
stages III or IV airflow limitation. MRC score at COPD
index date was unknown for 36.0% of patients. Of
those patients assigned MRC scores, the proportion
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Figure 1. Cohort selection.

COPD = chronic obstructive pulmonary disorder; FEV, = forced expiratory volume in one second; FVC = forced vital capacity; GOLD = Global Initiative for Obstructive Lung Disease; GPRD = General

Practice Research Database.

of patients with moderate-to-severe dyspnea (MRC
score >3) ranged from 14.1% of patients prescribed no
pharmacotherapy to 30.5% of patients prescribed triple
therapy (Table 1) (19).

Prescription frequencies and exacerbations before
incident COPD diagnosis

A total of 64.4% of patients were prescribed COPD
pharmacotherapy before diagnosis; 59.3% were pre-
scribed an SABD. In 37.3% of patients prescribed
no pharmacotherapy, 58.5% of patients prescribed
a LAMA, 73.1% of patients prescribed ICS+LABA,
and 75.8% of patients prescribed triple therapy, a
prescription of an SABD in the 12 months before
the COPD index date was identified. In 25.6% of
patients prescribed ICS+LABA, and 21.9% of patients
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prescribed triple therapy on or within 12 months of
incident COPD diagnosis, a previous prescription for
an ICS was identified. In 16.7% of patients prescribed
a LAMA and in 55.7% of patients prescribed triple
therapy on or within 12 months of incident COPD
diagnosis, a previous prescription for ICS+LABA was
recorded (Table 2).

Evidence of a possible exacerbation in the 12 months
before a new diagnosis of COPD was recorded in 37.9%
of the total cohort (Table 2). One or more events sug-
gestive of possible exacerbation occurred in 25.7%
of patients prescribed no pharmacotherapy, 30.4%
of patients prescribed an SABD, 37.3% of patients
prescribed a LAMA, 45.1% of patients prescribed
ICS+LABA, and 51.1% of patients prescribed triple
therapy (Table 2).

Copyright © 2014 Informa Healthcare USA, Inc
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Table 1. Selected demographic and disease characteristics by pharmacotherapy prescribed at and up to 3 months following initial COPD diagnosis

Selected pharmacotherapies prescribed at and up to 3 months following COPD diagnosis (mutually

exclusive groups)

Patient characteristic Total cohort pharmalc\:lgtherapy SABD LAMA ICS+LABA Triple therapy*
Number of patients 7881 (100.0) 1181 (15.0) 1804 (22.9) 983 (12.5) 1738 (22.1) 837 (10.6)
Female 3546 (45.0) 464 (39.3) 812 (45.0) 436 (44.4) 795 (45.7) 413 (49.3)
Mean (SD) age 67.15 (10.8) 66.69 (10.6) 67.24 (10.6) 68.17 (10.4) 66.75 (11.0) 67.12 (11.0)
Age >65 years 4660 (59.1) 666 (56.4) 1087 (60.3) 601 (61.1) 1018 (58.6) 493 (58.9)
Smoking status
Current smokers 3038 (38.6) 539 (45.6) 766 (42.5) 387 (39.4) 613 (35.3) 274 (32.7)
Ex-smokers 3560 (45.2) 473 (40.1) 792 (43.9) 455 (46.3) 789 (45.4) 413 (49.3)
Never smokers 811 (10.3) 103 (8.7) 140 (7.8) 79 (8.0) 229 (13.2) 95 (11.4)
Other smokers 472 (6.0) 66 (5.6) 106 (5.9) 62 (6.3) 107 (6.2) 55 (6.6)
BMI
Mean (SD) BMI 26.87 (5.9) 26.20 (5.2) 26.86 (5.9) 27.2 (5.9) 26.88 (5.9) 26.94 (6.4)
Underweight 368 (4.7) 46 (3.9) 92 (5.1) 41(4.2) 76 (4.4) 63 (7.5)
Normal 2714 (34.4) 454 (38.4) 632 (35.0) 315 (32.0) 600 (34.5) 264 (31.5)
Overweight 2601 (33.0) 398 (33.7) 585 (32.4) 335 (34.1) 570 (32.8) 264 (31.5)
Obese 2008 (25.5) 240 (20.3) 464 (25.7) 264 (26.9) 451 (26.0) 223 (26.6)
BMI unknown 190 (2.4) 43 (3.6) 31(1.7) 28 (2.9) 41 (2.4) 23 (2.8)
Airflow limitation
FEV; >80% predicted 1245 (15.8) 263 (22.3) 269 (14.9) 129 (13.1) 274 (15.8) 101 (12.1)
50% <FEV, <80% predicted 4280 (54.3) 700 (59.3) 1081 (59.9) 521 (53.0) 879 (50.6) 346 (41.3)
30% <FEV, <50% predicted 1812 (23.0) 155 (13.1) 357 (19.8) 266 (27.1) 452 (26.0) 297 (35.5)
FEV, <30% predicted 304 (3.9) 6 (1.4) 49 2.7) 36 (3.7) 78 (4.5) 67 (8.0)
Unknown 240 (3.1) 47 (4.0) 48 (2.7) 3132 55 (3.2) 26 (3.1)
Moderate-to-severe dyspnea (MRC >3) 1675 (21.3) 166 (14.1) 322 (17.9) 265 (27.0) 402 (23.1) 255 (30.5)
MRC score unknown 2840 (36.0) 36 (36.9) 645 (35.8) 359 (36.5) 589 (33.9) 308 (36.8)
Prior diagnosis (selected)
Asthma 2595 (32.9) 174 (14.7) 330 (18.3) 235 (23.9) 905 (52.1) 420 (50.2)
Cancer 1022 (13.0) 161 (13.6) 226 (12.5) 142 (14.5) 200 (11.5) 104 (12.4)
Congestive heart disease 475 (6.0) 62 (5.3) 102 (5.7) 73 (7.4) 101 (5.8) 60 (7.2)
Depression 1064 (13.5) 159 (13.5) 223 (12.4) 121 (12.3) 248 (14.3) 125 (14.9)

Data are n (%) unless otherwise stated.
*Triple therapy refers to ICS+LABA+LAMA.

BMI = body mass index; COPD = chronic obstructive pulmonary disease; FEV; = forced expiratory volume in one second; ICS = inhaled corticosteroid; LABA = long-acting beta-2 agonist;
LAMA = long-acting muscarinic antagonist; MRC = Medical Research Council; SABD = short-acting bronchodilator; SD = standard deviation.

Factors associated with prescription of initial COPD
pharmacotherapy

GPs were more likely to prescribe an initial treatment of
triple therapy than another ICS-containing pharmaco-
therapy in patients with: [1] GOLD stages Il or IV airflow
limitation, or [2] at least one possible exacerbation in the
12 months before COPD index date. GPs were more likely
to prescribe an initial treatment of triple therapy than to
prescribe a LABD in patients with: [1] GOLD stages III
or IV airflow limitation; [2] at least one possible exac-
erbation; [3] at least one all-cause hospitalization in the
12 months before COPD index date; or [4] a prior diag-
nosis of depression or asthma. GPs were more likely to
prescribe an initial treatment of an ICS-containing phar-
macotherapy than a LABD in patients with: [1] at least

www.copdjournal.com

one possible exacerbation in the 12 months before COPD
index date; or [2] prior diagnosis of asthma (Table 3).

Discussion

Previous studies have indicated that a high proportion of
patients with COPD in the UK are diagnosed at advanced
stages of the disease (20). Results from this study, based
on longitudinal, EMR data from a UK GPRD newly diag-
nosed COPD cohort, confirm these findings. In this study,
most patients (55.8%) were prescribed a maintenance
pharmacotherapy (LAMA, ICS, ICS+LABA,ICS+LAMA
or triple therapy) within 3 months of diagnosis.

Many of these patients had also been prescribed a
maintenance pharmacotherapy before diagnosis. The
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COPD = chronic obstructive pulmonary disease; ICS = inhaled corticosteroid; LABA = long-acting beta-2 agonist; LAMA = long-acting muscarinic antagonist; SABA =
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*Triple therapy refers to ICS+LABA+LAMA.

"Other refers to home-based oxygen therapy, oral corticosteroids, and theophylline and its derivatives.

COPD = chronic obstructive pulmonary disease; ICS = inhaled corticosteroid; LABA = long-acting beta-2 agonist; LAMA = long-acting muscarinic antagonist; SABA = short-acting
beta-2 agonist; SABD = short-acting bronchodilator.
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Table 2. Selected disease characteristics of patients in the 12 months before initial COPD diagnosis by pharmacotherapy prescribed at or up to 3 months following diagnosis

Selected pharmacotherapies prescribed at or up to 3 months following COPD diagnosis
(mutually exclusive groups)

Patient characteristic Total cohort No pharmacotherapy SABD LAMA ICS+LABA Triple therapy*
Number of patients 7881 (100.0) 1181 (15.0) 1804 (22.9) 983 (12.5) 1738 (22.1) 837 (10.6)
Events indicative of a possible moderate COPD
exacerbation’
None 4895 (62.1) 877 (74.3) 1256 (69.6) 616 (62.7) 955 (55.0) 409 (48.9)
One or more 2986 (37.9) 304 (25.7) 548 (30.4) 367 (37.3) 783 (45.1) 428 (51.1)
GP visits
GP visits in office 7793 (98.9) 1164 (98.6) 1791 (99.3) 975(99.2)  1723(99.1) 819 (97.9)
Mean (SD) GP visits in office 11.3 (8.9) 10.5 (8.8) 10.5 (8.1) 11.7 (9.3) 11.7 (8.7) 12.3 (10.7)
All-cause hospitalization
No hospitalizations 6204 (78.7) 919 (77.8) 1446 (80.2) 769 (78.2) 1367 (78.7) 637 (76.1)
One hospitalization 920 (11.7) 139 (11.8) 197 (10.9) 118 (12.0) 209 (12.0) 98 (11.7)
Two or more hospitalizations 757 (9.6) 123 (10.4) 161 (8.9) 96 (9.9) 162 (9.3) 102 (12.2)
COPD prescription in 12-month history*
None 2806 (35.6) 696 (58.9) 926 (51.3) 346 (35.2) 309 (17.8) 156 (18.6)
SABD 4673 (59.3) 440 (37.3) 851 (47.2) 575(58.5) 1271 (73.1) 634 (75.8)
LABA 367 (4.7) 17 (1.4) 25 (1.4) 19(1.9) 159 (9.2) 57 (6.8)
LAMA 658 (8.4) 35 (3.0) 20 (1.1) 177 (18.0) 76 (4.4) 268 (32.0)
ICS 1545 (19.6) 108 (9.1) 170 (9.4) 108 (11.0) 444 (25.6) 183 (21.9)
ICS+LABA 1711 (21.7) 81(6.9) 87 (4.9) 164 (16.7) 823 (47.4) 466 (55.7)

Data are n (%) unless otherwise stated.
*Triple therapy refers to ICS+LABA+LAMA.

TPossible moderate exacerbations include a medical diagnosis for acute bronchitis, or concurrent treatment with oral corticosteroids and antibiotics.

tPharmacotherapies prescribed in the 12-month history are not mutually exclusive.

COPD = chronic obstructive pulmonary disease; GP = general practitioner; ICS = inhaled corticosteroid; LABA = long-acting beta-2 agonist; LAMA = long-acting muscarinic antagonist;

SABD = short-acting bronchodilator; SD = standard deviation.

or concurrent asthma diagnosis was explored. Approxi-
mately half of the patients prescribed ICS+LABA had
an ICS+LABA prescription in the previous 12 months,
which may partly be attributed to a prior diagnosis of
asthma (52.1% of all patients prescribed ICS+LABA had
a prior asthma diagnosis). These data are in line with
findings from an Italian general practice study, which
showed that 32.5% of patients with COPD in 2008
received an ICS+LABA combination (21).

In our study, the percentage of patients prescribed
ICS+LABA following an initial COPD diagnosis was
considerably lower in patients without compared with
those with a prior asthma diagnosis (22.1% vs 52.1%,
respectively). Patients with COPD and a prior diagnosis
of asthma were less likely to be prescribed SABD only or
LAMA only as initial therapy than patients in the over-
all COPD population. The prescription of ICS mono-
therapy in our study (10.8% of patients with COPD and
asthma and 7.7% of patients with COPD alone) is also in
line with the Italian study, which showed that 15.3% of
patients with COPD in 2008 received ICS monotherapy
(21), although ICS monotherapy is not indicated for the
treatment of COPD.

The 15.0% of patients with COPD in this study who
were not prescribed pharmacotherapy in the 3 months
following diagnosis may not be accurately classified
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as unexposed to COPD pharmacotherapy, as 41.1% of
them had been prescribed a COPD pharmacotherapy in
the 12 months before diagnosis. Thus, only 8.8% of the
cohort was consistently never prescribed COPD phar-
macotherapy in the 12 months preceding, or 3 months
following, incident COPD diagnosis. Nevertheless, both
estimates of 15.0% and 8.8% are lower than the reported
percentages of patients with COPD recorded without
any prescribed COPD pharmacotherapy in published
US studies (23-52%) (5, 6, 11).

In this study, the number of events indicative of a pos-
sible prior exacerbation and the percentage of patients
with severe airflow limitation were also higher than
would be expected for a population with newly diag-
nosed COPD. Approximately 27% of the newly diag-
nosed cohort had severe or very severe airflow limita-
tion, similar to the airflow limitation reported in a Greek,
primary care prevalent COPD cohort (20%) (22). Com-
pared with patients with COPD who were included in
the Greek primary care study, and in a recent, European,
health-related quality of life study, patients enrolled in
this study were more likely to be female (45.0% vs 12.4%
and 30.7%) and less likely to be current smokers (38.0%
vs 45.9% and 45.1%), respectively (22, 23).

The proportion of patients with COPD who were
underweight was less than in a recent UK study of
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Table 3. Factors associated with physicians’ choice of initial COPD pharmacotherapy

(output from the final statistical model)

Variable

0dds ratio (95%
confidence interval)

Triple therapy* versus ICS-containing combination

50% <FEV, <80% predicted
30% <FEV, <50% predicted
FEV; <30% predicted

>1 event indicative of a possible moderate COPD
exacerbation in 12-month history"

Triple therapy* versus LABD
50% <FEV, <80% predicted
30% <FEV, <50% predicted
FEV, <30% predicted

>1 event indicative of a possible moderate COPD
exacerbation in 12-month history

>1 hospitalization in 12-month history
Prior diagnosis of asthma

Prior diagnosis of depression

Prior diagnosis of renal disease

1.08 (0.83, 1.41)
1.76 (1.34, 2.32)
2.03 (1.36, 3.03)
1.32(1.11,1.57)

0.87 (0.65, 1.18)
1.81 (1.31,2.49)
2.43 (1.51,3.91)
1.60 (1.32,1.95)
1.32 (1.05, 1.66)
3.27 (2.66, 4.01)
1.39 (1.04, 1.85)
0.71 (0.56, 0.92)

ICS-containing combination versus LABD
50% <FEV; <80% predicted 0.80 (0.64, 1.00)
30% <FEV; <50% predicted 1.00 (0.77,1.28)
FEV; <30% predicted 1.17(0.77,1.76)

( )

>1 event indicative of a possible moderate COPD 1.22 (1.04,1.42

exacerbation in 12-month history"

Prior diagnosis of asthma 3.36 (2.85,3.97)

Prior diagnosis of renal disease 0.80 (0.66, 0.97)

*Triple therapy refers to ICS+LABA+LAMA.

"Possible moderate exacerbations include a medical diagnosis for acute bronchitis, or
concurrent treatment with oral corticosteroids and antibiotics.

COPD = chronic obstructive pulmonary disease; FEV; = forced expiratory volume in one
second; ICS = inhaled corticosteroid; LABA = long-acting beta-2 agonist;

LABD = long-acting bronchodilator; LAMA = long-acting muscarinic antagonist.

pulmonary rehabilitation outpatients (4.7% vs 16.1%),
although the proportions of patients who were overweight
or obese were similar (33.0% vs 27.6% and 25.5% vs 25.5%,
respectively) (24). The percentage of patients who experi-
enced one or more events indicative of a possible exacer-
bation in the 12 months before COPD diagnosis (37.9%) is
higher than previously reported exacerbation percentages
in other primary care populations (21.0%) (25).

The frequency of prescriptions for COPD pharmaco-
therapies in the prior 12 months, the number of events
indicative of a possible exacerbation, and the percentage
of patients with severe airflow limitation, suggest that
most of the newly diagnosed COPD cohort had a prior
history of COPD, asthma, or other symptomatic respira-
tory disease that was undiagnosed or unrecorded in the
primary care EMR. The findings from this study indicate
that a record of an incident COPD diagnosis may not
accurately reflect the timing of initial care for COPD.
For future studies, use of the first diagnosis code in the
record plus the recording of COPD pharmacotherapy
and/or an event indicative of a possible exacerbation
may provide more accurate timing of COPD occurrence.
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Results from this study also demonstrate that there
are identifiable COPD clinical factors and co-morbid
conditions associated with a GP’s choice of prescribed
pharmacotherapy at diagnosis. At initial COPD diag-
nosis, prescriptions varied by severity of airflow limita-
tion, MRC dyspnea score, history of asthma, and events
indicative of possible exacerbations in the previous
year. Compared with patients prescribed other phar-
macotherapies, patients prescribed a SABD only had
lower levels of airflow limitation and dyspnea. Patients
prescribed a LAMA or triple therapy had more dys-
pnea; thus, the LABD component was prescribed to
provide bronchodilation and treat symptoms. Patients
prescribed LABA+ICS or triple therapy more often had
a history of asthma and events indicative of possible
exacerbations. Prescription of ICS-containing phar-
macotherapy may represent treatment of concurrent/
historical asthma and the prevention of exacerbations
in patients with previous exacerbations. Multivariate
analyses confirmed these findings.

GPs’ choice of prescribed pharmacotherapy may not
be consistent with the GOLD strategy. The 2006 GOLD
strategy, relevant to this study period, suggests the use
of additive pharmacotherapy for COPD with increas-
ing GOLD stage (16). The 2006 GOLD recommenda-
tions suggested prescription of the following pharma-
cotherapies: as-needed SABD pharmacotherapy for
GOLD stage I; SABD plus an LABD when needed for
GOLD stage II; an additional ICS if there are repeated
exacerbations for GOLD stage III; and additional oxy-
gen therapy if there is chronic respiratory failure for
GOLD stage IV. In this study, about 45% of patients
with GOLD stage I or II of airflow limitation, and 62%
with GOLD stage III or IV of airflow limitation, were
prescribed an LABD, either alone or in combination.
The 2006 GOLD strategy suggests that all patients with
GOLD stages III and IV are prescribed at least one
LABD when needed, implying a 37% non-adherence
rate to the strategy in this study.

In addition, about 40% of patients with GOLD stage I or
IT airflow limitation were prescribed an ICS, whereas the
2006 GOLD strategy suggests that an ICS is introduced at
GOLD stage III if patients are experiencing repeated exac-
erbations. It has been recognized for many years that many
physicians do not adhere to prescribing guidelines for
patients with COPD (26). Consistent with other published
studies on guideline non-adherence, these results indicate
that many GPs may not follow the 2006 GOLD strategy
(5, 6, 21, 27-30). Patients with late-stage COPD are likely
to have more symptoms and exacerbations, and GPs may
consider these factors when choosing pharmacotherapy.

The reasons for non-adherence to guidelines may be
manifold and include lack of familiarity, lack of aware-
ness, lack of time, and disagreement with the guidelines
(31). A healthcare utilization study of patients diag-
nosed with COPD between 2000 and 2005 in the US
showed that treatment practices were not in line with
the GOLD strategy but correlated with the number of
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Table 4. First choice COPD pharmacotherapy recommendations from the 2010 NICE clinical guideline 101 (4) and the 2006 (4,16), 2011 (33) and 2013 (1,4) GOLD

strategies

Pharmacotherapy  NICE clinical guideline 101 — COPD 2006 GOLD

2011 and 2013 GOLD

SABD As required for patients with breathlessness
and exercise limitation

LABD Exacerbations or persistent breathlessness

LABA + ICS/LAMA  FEV, <50% predicted or FEV; >50% predicted
and suboptimal control of exacerbations or
breathlessness with LABA monotherapy

ICS+LABA+LAMA  Persistent exacerbations or breathlessness,

regardless of FEV,

GOLD stage | (mild COPD, FEV, >80% predicted)

Add 1 or more LABD for FEV; GOLD stage Il (moderate
COPD: FEV, >50% and <80% predicted)

GOLD stage Il (severe COPD: FEV,>30% and <50%
predicted) with repeated exacerbations

Low-risk patients with low
symptom scores

Low-risk patients with high
symptom scores

High-risk patients with low

symptom scores and high-risk
patients with high symptom scores

GOLD stages Il and IV (very severe COPD: FEV; <30% predicted or  High-risk patients with high
<50% predicted with chronic respiratory failure)

symptom scores*

*Alternative choice to LABA + ICS/LAMA.

Note: low-risk (GOLD stage | or Il and 0—1 exacerbations/year); high-risk (GOLD stage Ill or IV and/or >2 exacerbations/year); low symptom score (modified MRC dyspnea score 1-2 or

CAT <10); high symptom score (modified MRC dyspnea score >2 or CAT >10).

CAT = COPD assessment test; COPD = chronic obstructive pulmonary disease; FEV; = forced expiratory volume in one second; GOLD = Global Initiative for Obstructive Lung Disease;
ICS = inhaled corticosteroid; LABA = long-acting beta-2 agonist; LABD = long-acting bronchodilator; LAMA = long-acting muscarinic antagonist; MRC = Medical Research Council;

NICE = National Institute for Health and Clinical Excellence; SABD = short-acting bronchodilator.

previous respiratory healthcare visits (32). Guidelines
are not mandatory and although GPs may use them for
information, situations in clinical practice may require
departure from guidelines, allowing treatment decisions
as part of a holistic approach to patient care, alongside
other clinical factors and preferences.

In the 2006 GOLD strategy, guidance on pharmaco-
therapy is based mainly on spirometric classification (16).
The 2010 NICE guideline 101 (4), which has been adopted
by the British Thoracic Society, and the 2011 (33) and 2013
(1, 4) GOLD strategies use the same spirometric classi-
fication of airflow obstruction as GOLD 2006 (16), but
take into account previous exacerbations and assessment
of symptoms or health status, including breathlessness, to
reduce the risk of future exacerbations when considering
pharmacotherapy (16). A comparison of how the differ-
ent guidelines define the patient groups recommended
for the prescription of each pharmacotherapy category is
shown in Table 4. Although this study was based on data
recorded before the latest updates of the GOLD strategy,
prescribing recommendations were not based solely on
degree of airflow limitation, but also accounted for MRC
dyspnea score, history of exacerbations, and asthma his-
tory, as do the 2010 NICE guidelines and the 2011 and
2013 GOLD strategies.

A limitation of the GPRD data is that the data are
recorded electronically by healthcare providers in the
primary care setting only. Thus, pharmacotherapies
prescribed and outcomes recorded in hospital may be
under-reported (34). Future studies could use linked
Hospital Episode Statistics data to improve data capture
for hospitalized events, such as severe COPD exacer-
bations. GPs often receive communications from spe-
cialists, discharge summaries from hospitals, and test
results from pathology laboratories in hard copy, and the
GP must manually enter these into the electronic data-
base. Therefore, it is likely that only test results requir-
ing additional follow-up or clearly refuting a differential
diagnosis are entered into the GPRD (34). Lastly, the
data analyzed are based on linked prescriptions written
for pharmacotherapies of interest, rather than pharma-
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cotherapy dispensed or administered, which could lead
to exposure misclassification.

Conclusions

Most patients with a new record of a COPD diagno-
sis between January 2008 and December 2009 in the
GPRD were prescribed a maintenance pharmacotherapy
within 3 months of diagnosis. Many patients received
previous prescriptions for COPD pharmacotherapy and
were treated to reduce symptoms before the first COPD
diagnosis recorded, or were treated based on a prior
asthma diagnosis. Thus, there may be a delay in COPD
diagnosis recorded in the EMR until the later stages of
the disease. GPs prescribed COPD pharmacotherapy
according to lung function, but also with consideration
of other factors, such as MRC dyspnea score, history of
events indicative of possible COPD exacerbations, and
asthma history. Although these prescribing patterns
were not entirely concordant with COPD guidelines in
place at the time of the study, they are consistent with the
2010 NICE guideline and 2011 GOLD strategy, which
include consideration of dyspnea and exacerbations as
a more holistic patient assessment (4, 33). These find-
ings indicate that there is a need for earlier diagnosis of
COPD in patients in the UK to ensure that they are pre-
scribed the most appropriate treatment. Future studies
should assess factors associated with the delay in COPD
diagnosis and barriers to adherence to updated clinical
guidelines to inform interventions aimed at improving
care and outcomes in patients with COPD.
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