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Background: Available data on the relationship between COPD symptoms, disease out-
comes, and mortality are currently limited. This study investigated the clinical characteris-
tics, outcomes, healthcare utilization, and prescribing practices across GOLD 2017 groups 
(A, B, C, and D) in a large-scale, population-based cohort of COPD patients managed in an 
English primary care setting.
Patients and Methods: This retrospective analysis included patients aged ≥35 years, with 
a confirmed diagnosis of COPD and ≥1 record of pulmonary function testing in their medical 
history. Medical Research Council dyspnea score and exacerbation history were used to 
define patients’ GOLD 2017 classification. Patients were identified using the UK Clinical 
Practice Research Database and were followed for 12 months.
Results: Eligible COPD patients’ (N=42,331; mean [SD] age, 69.5 [10.7] years; 54% 
males), GOLD 2017 categorizations were: Group A: 49.1%, Group B: 30.5%, Group C: 
8.2%, Group D: 12.1%. Overall, 37.7% of patients experienced ≥1 moderate COPD exacer-
bation. The rate of moderate exacerbations per person per year (PPPY) was highest in GOLD 
group D (0.72), followed by C (0.53), B (0.22), and A (0.15), while the rate of exacerbations 
leading to hospitalization PPPY was much higher in D (0.27) than in B (0.10), C (0.08), or 
A (0.03). Overall, 56.4% of patients visited their general practitioner ≥5 times in the 12 
months of follow-up. Time-to-event analysis suggested that breathlessness contributed to 
exacerbation severity and frequency. One-year mortality was highest in GOLD groups D and 
B. The most frequent prescribed maintenance therapies were inhaled corticosteroids with 
long-acting β2-agonists, multiple-inhaler triple therapy, or long-acting muscarinic antagonist, 
irrespective of GOLD classification.
Conclusion: The burden of COPD remains substantial in England. Stratification of this 
large primary care population according to GOLD criteria predicted the risk of COPD 
exacerbations. Understanding populations of patients with COPD may enable the optimiza-
tion of patient care.
Keywords: chronic obstructive lung disease, database, exacerbations, healthcare costs, 
Global Initiative for Chronic Obstructive Lung Disease, maintenance therapy

Introduction
Chronic obstructive pulmonary disease (COPD) is a major cause of morbidity and 
mortality that presents a significant burden on healthcare systems and resources 
worldwide,1 including healthcare costs.2 Indeed, the World Health Organization lists 
COPD as the third most common cause of death worldwide.3 The Global Initiative for 
Chronic Obstructive Lung Disease (GOLD) guidelines provide a classification system 
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to assess disease severity among patients with COPD, in 
which patients are assigned to one of four GOLD classifica-
tion groups (A, B, C, or D) that allow suitable maintenance 
treatment options to be recommended.4,5 In updated guide-
lines published in 2017, a simplified tool for assessing COPD 
severity based on exacerbation history and respiratory symp-
toms was defined.5 By moving away from grading exacerba-
tion risk based on airflow limitation and exacerbation history, 
to exacerbation history alone, the distribution of patients 
across the GOLD 2017 groups has been altered compared 
with the GOLD 2013 system; mostly by the reclassification 
of patients from group C to group A, and from group D to 
group B.6–8

Recent studies in COPD have focused on the prognos-
tic value of acute exacerbations on the risk of future 
exacerbations and mortality.9–14 However, relatively less 
attention has been paid to the relationship between COPD 
symptoms and disease outcomes, and death, despite some 
studies indicating an association between dyspnea severity 
and the risk of exacerbations and hospitalizations.15–19 

Further research is, therefore, needed in this area in order 
to elucidate the effect of these clinical characteristics.

Studies have confirmed that Clinical Practice Research 
Datalink (CPRD) data are of sufficient completeness and 
quality to assess digital, COPD-related data recorded by 
general practitioners (GPs) in the UK.20,21 In order to ensure 
that the best patient care is provided, and that healthcare 
resource utilization is minimized where possible, it is impor-
tant to assess how closely real-world prescribing practices 

reflect published recommendations for COPD 
management.22 Here, we have used data from two linked 
databases (CRPD and Hospital Episode Statistics [HES]) to 
investigate clinical characteristics, outcomes, healthcare uti-
lization, and prescribing practices across GOLD 2017 
groups (A, B, C, and D) in a large-scale, population-based 
cohort of COPD patients managed in an English primary 
care setting. As part of this analysis, we investigated the 
1-year risk of exacerbations and mortality among GOLD 
group classification and among patients with different 
degrees of breathlessness (graded using the Medical 
Research Council [MRC] dyspnea scale).

Materials and Methods
Study Design
The design of this retrospective database cohort study is 
shown in Figure 1.

CPRD and HES
Data on COPD patients treated in primary care in England 
were extracted from the CPRD database, which contains 
anonymized longitudinal medical records from primary 
care across England (and the rest of the UK). In the CPRD 
database, data containing all records deemed relevant to 
patient care by the GP are drawn from computer systems 
used within general practice to maintain clinical records. 
GOLD 2017 data were derived based on availability of 
longitudinal individual patient records containing informa-
tion on moderate (GP-treated) COPD exacerbations, airflow 

January 1, 2007

Follow-up: 12 
months until 
December 31, 2017May 31, 2011 – June 1, 2017

Observation periodb

Cohort entry: 
COPD diagnosisa

Identification of first FEV1% predicted 
value and MRC dyspnea scale read 
code within 7 days between May 31, 
2011–June 1, 2017. The earlier of the 
two dates was the index date. 

First observation of both values was the 
index date of the observation period. 
Follow-up began the day after the index 
date for exacerbation and healthcare 
utilization history. Assessment of 
treatment began on the index date.   

Figure 1 Study design. aConfirmed by spirometry, FEV1/FVC <0.7 (any time). bFuture outcomes ascertained from the database from the defined index date until 90 days 
post index date for treatment and the day after the defined index date and 12 months post index date, until December 31, 2017, for categorical exacerbations per year and 
health outcomes of interest. 
Note: Healthcare utilization and longitudinal outcomes (GP visits, hospitalizations, and COPD exacerbations per year) were analyzed in patients who had at least 12 months 
of follow-up data after the index date in the CPRD database. 
Abbreviations: COPD, chronic obstructive pulmonary disease; CPRD, Clinical Practice Research Datalink; FEV1, forced expiratory volume in 1 second; FVC, forced vital 
capacity; GP, general practitioner; MRC, Medical Research Council.
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limitation, and MRC dyspnea scale as a measure of COPD 
symptoms. The extracted anonymized patient data were 
individually linked to secondary care data in the HES data-
base, which contains records of inpatient and outpatient 
care, and attendance at Accident and Emergency National 
Health Service (NHS) hospitals in England. HES data were 
used to ascertain severe (hospitalized) COPD exacerba-
tions. CPRD linkage to HES data has been used as 
a method for assessing healthcare utilization and informing 
provision of healthcare services in England.23 CPRD-HES 
linkage in this study was completed by NHS Digital 
(Leeds, UK).

Inclusion and Exclusion Criteria
To be included in the cohort, patients ≥35 years of age 
were required to have one or more records for COPD 
diagnosis in the CPRD database between January 1, 2007 
and June 1, 2017, including at least one record of a forced 
expiratory volume in 1 second/forced vital capacity (FEV1 

/FVC) ratio of <0.7 at any time in their medical history. 
After cohort entry, patients were required to have at least 
one FEV1% predicted value and MRC dyspnea scale read 
code recorded within 7 days between May 31, 2011 and 
December 31, 2017. The first observation of both values 
(within 7 days) was defined as the index date.

Patients were required to have a database history of 
≥12 months available before, and including, the index 
date, and 90 days after the index date, up until 
December 31, 2017. They were also required to have 
available data for CPRD-HES database linkage. 
Healthcare utilization and longitudinal outcomes (GP vis-
its, hospitalizations, and COPD exacerbations per year) 
were analyzed in patients who had at least 12 months of 
follow-up data after the index date in the CPRD database. 
Patients were excluded if they had an occurrence of a code 
for a medical condition incompatible with COPD diagno-
sis at any time in their history, including conditions related 
to lung or bronchial developmental anomalies, degenera-
tive processes, pulmonary resection or other significant 
respiratory disorders, or lung malformations other than 
COPD.

This study complied with all applicable laws regarding 
patient privacy. No direct patient contact or collection of 
additional patient data occurred. CPRD GOLD and linked 
CPRD-HES data contain only fully de-identified patient 
data, and no confidential information or patient identifiers 
were available to the study team. All data held and pro-
cessed by CPRD were stored on a secure computer 

network and were compliant with the relevant legal obli-
gations, including the Data Protection Act 1998. The study 
protocol was approved by the Independent Scientific 
Advisory Committee (ISAC) overseeing CPRD (ISAC 
17_270).

COPD Treatments
Information on any treatment prescribed during the 90 days 
on or after the index date was collected. The following 
treatment groups were considered: short- and long-acting 
bronchodilators (short-acting muscarinic antagonists 
[SAMAs] and β2-agonists [SABAs], and long-acting mus-
carinic antagonists [LAMAs] and β2-agonists [LABAs]); 
inhaled corticosteroids (ICS); and theophylline. ICS, 
LAMA, and LABA could be prescribed individually, 
together in open combination (dual and triple therapies), or 
included as a fixed-dose dual-therapy combination in the case 
of ICS+LABA or LAMA+LABA (but not ICS+LAMA).

Stratification According to GOLD Group and MRC 
Dyspnea Scale
The patient population was categorized into GOLD 2017 
groups A–D and according to their MRC dyspnea grade. 
MRC dyspnea scores were used in this analysis instead of 
modified MRC scores, as regular recording of MRC scores 
is part of the Quality and Outcomes Framework for the 
care of COPD patients in the UK, as defined by National 
Institute for Health and Care Excellence guidelines,24 and 
as such, are more commonly recorded in the CPRD.

Descriptive Analyses and Outcome 
Definitions
Descriptive analyses were conducted in the overall patient 
population and in patients stratified according to COPD 
severity as defined by GOLD 2017. Objectives of these 
analyses were to (1) evaluate the distribution of patients 
with COPD by GOLD group, along with the distribution 
of each component of GOLD classification within each 
group (specifically spirometry classification, number of 
exacerbations per year, and MRC dyspnea grade); (2) 
evaluate the demographics, clinical characteristics, health-
care utilization (primary care [GP] consultation visits and 
hospitalizations), and disease burden (MRC dyspnea grade 
and number of exacerbations) in patients with COPD in 
the 12 months prior to the index date; (3) describe the 
treatment(s) received by patients with COPD during the 90 
days after, and including, the index date; and (4) describe 
the number of moderate (treated in primary care) and/or 
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severe exacerbations (requiring hospitalization), and mor-
tality in patients with COPD 12 months after the index 
date. For these descriptive analyses, categorical variables 
were summarized as number of patients (or events) and 
percentages. Continuous variables were presented as mean 
(standard deviation [SD]). COPD exacerbations in the 12 
months prior to, and including, the index date were 
described by number of patients and percentage. 
Moderate and severe COPD exacerbations were categor-
ized into 0, 1, and ≥2 prior events per patient, with overall 
number of patients and percentage presented for each 
category. To define the rate of exacerbations per patient 
per year (PPPY), patients without 12 months of follow-up 
information were censored at the time of cohort exit, 
unenrollment, death, or at the end of follow-up on 
December 31, 2017. In the healthcare utilization assess-
ment, patients were classed as having between 0 and ≥5 
GP visits in the 12 months prior to, and including, the 
index date.

Time-to-Event Analyses for COPD 
Exacerbations and Death in Patients 
Stratified According to GOLD 2017 and 
MRC Dyspnea Grade
Univariable Cox proportional hazards models investigated 
the time to first moderate (primary care treated) or severe 
(hospitalized) COPD exacerbation, and time to death in 
the overall study population, stratified according to GOLD 
2017 or MRC dyspnea grade. In the GOLD 2017 analysis, 
the hazard was modeled as a function of GOLD group, 
with GOLD group A set as the reference group for risk 
calculations. For the MRC dyspnea analysis, the hazard 
was modeled as a function of dyspnea grade, with grade 1 
set as the reference group, such that the hazard ratio (HR), 
95% confidence intervals (CIs) for HR, and log-rank 
P values comparing GOLD groups B, C, or D versus 
GOLD group A, or MRC dyspnea grade 2, 3, 4, or 5 
versus grade 1, are presented. The cumulative proportion 
of patients with events was calculated and plotted per 
GOLD group or MRC dyspnea grade, with patients being 
followed up for COPD exacerbations for 12 months fol-
lowing index date. Patients were followed up for death 
from 90 days post index until 12 months post index 
(patients were required to survive at least 90 days after 
the index date to be eligible for the study). For the ana-
lyses of time to COPD exacerbation (moderate or severe) 
and death, patients were censored at time of cohort exit, 

unenrollment, death, or the end of follow-up (June 1, 
2017).

Results
Patient Baseline Demographics and 
Clinical Characteristics Prior to Index 
Date
A total of 42,331 patients (mean age 70 years, 54.4% 
male) were included in the study, and classified into 
GOLD 2017 groups. Most patients were current (39.3%) 
or former (54.8%) smokers, and 40.0% had MRC grade 2 
dyspnea. In total, 14.1% of patients had a current asthma 
diagnosis. Patient demographics and clinical characteris-
tics, overall and by GOLD 2017 group, are presented in 
Table 1. Most patients were classified as GOLD group 
A (n=20,788), while GOLD group C contained the fewest 
patients (n=3485).

In the total cohort, 58.8% of patients visited their GP 
≥5 times, while 5.4% did not visit their GP at all in the 12 
months prior to, and including, the index date (Table 1). 
These proportions were similar among patients who had 
not received maintenance therapy: 53.1% of these patients 
visited their GP ≥5 times and 6.4% did not visit their GP at 
all. The proportion of patients who had visited their GP ≥5 
times in the 12 months preceding the index date was 
highest in GOLD group D (78.5%) (Table 1). Overall, 
39.2% of patients had experienced ≥1 moderate COPD 
exacerbation, and 4.5% of patients had experienced ≥1 
severe COPD exacerbation leading to hospitalization in 
the previous year (Table 1). Overall, 9502 patients 
(22.4% of the total population) had not received any long- 
acting maintenance therapy in the 12 months prior to the 
index date. Among patients who had not received main-
tenance therapy prior to the index date, 25.4% had experi-
enced ≥1 moderate COPD exacerbation, and 1.7% had 
experienced ≥1 severe COPD exacerbation in the year 
prior to the index date.

COPD Exacerbations and Healthcare 
Utilization in the Year Following the Index 
Date
Longitudinal outcomes and healthcare utilization in the year 
following the index date were generally similar across 
GOLD 2017 groups A–D (Table 2). In the overall cohort, 
37.7% of patients experienced ≥1 moderate COPD exacer-
bation, and 6.4% experienced ≥1 severe COPD exacerbation 
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leading to hospitalization in the year following the index 
date. Among the GOLD 2017 groups, the rate of moderate 
exacerbations PPPY was highest in GOLD group D (0.72), 
followed by groups C (0.53), B (0.22), and A (0.15), respec-
tively. The rate of exacerbations leading to hospitalization 
PPPY was much higher in GOLD group D (0.27) than in 
groups B (0.10), C (0.08), or A (0.03) (Table 2). In the total 
cohort, 56.4% of patients visited their GP at least five times in 
the 12 months following the index date, whereas only 6.8% 
did not visit their GP at all (Table 2). The rate of GP visits 
PPPY was higher in more symptomatic patients (9.64 in 

GOLD group D and 7.22 in GOLD group B), than in less 
symptomatic patients (7.63 in GOLD group C and 5.84 in 
GOLD group A).

Risk of COPD Exacerbations and Death 
in Patients with COPD According to 
GOLD 2017 Group
The time to COPD exacerbation, and time to death in 
patients stratified according to the GOLD 2017 classifica-
tion, is shown in Figure 2A–C. Univariate regression 

Table 1 Patient Demographics and Clinical Characteristics, Overall and Stratified by GOLD 2017 Group

Overall GOLD 
Group A

GOLD 
Group B

GOLD 
Group C

GOLD 
Group D

Total, n (% overall population) 42,331 (100) 20,788 (49.1) 12,925 (30.5) 3485 (8.2) 5133 (12.1)

Age, mean (SD) years 70 (11) 68 (11) 71 (11) 68 (10) 71 (11)

Male, n (%) 23,037 (54.42) 11,797 (56.75) 6959 (53.84) 1763 (50.59) 2518 (49.06)

Smoking status, n (%)
Ex-smoker 23,167 (54.76) 11,009 (52.98) 7274 (56.32) 1872 (53.75) 3012 (58.68)
Current smoker 16,633 (39.31) 8351 (40.19) 696 (5.39) 1421 (40.77) 1916 (37.33)

Never-smoker 2509 (5.93) 1418 (6.82) 4945 (38.29) 190 (5.46) 205 (3.99)

FEV1 at baseline (% predicted) 59.18 (14.04) 60.58 (12.55) 58.06 (14.78) 59.85 (14.42) 55.86 (16.57)

MRC dyspnea gradea, n (%)
Grade 1 7363 (17.39) 6581 (31.66) 0 782 (22.44) 0

Grade 2 16,910 (39.95) 14,207 (68.34) 0 2703 (77.56) 0

Grade 3 10,985 (25.95) 0 8325 (64.41) 0 2660 (51.82)
Grade 4 6033 (14.25) 0 4019 (31.09) 0 2014 (39.24)

Grade 5 1040 (2.46) 0 581 (4.50) 0 459 (8.94)

Moderate COPD exacerbationsb, n (%)
0 events 25,728 (60.78) 15,463 (74.38) 9059 (70.09) 454 (13.03) 752 (14.65)

1 event 9822 (23.20) 5325 (25.62) 3866 (29.91) 187 (5.37) 444 (8.65)
≥2 events 6781 (16.02) 0 0 2844 (81.61) 3937 (76.70)

Hospitalized COPD exacerbationsb, 
n (%)

0 events 40,421 (95.49) 20,788 (100) 12,921 (99.97) 2902 (83.27) 3810 (74.23)

1 event 1644 (3.88) 0 4 (0.03) 548 (15.72) 1092 (21.27)
≥2 events 266 (0.63) 0 0 35 (1.00) 231 (4.50)

GP practice visitsb, n (%)
0 2269 (5.36) 1405 (6.76) 676 (5.23) 75 (2.15) 113 (2.20)

1 3248 (7.67) 2005 (9.64) 961 (7.44) 218 (3.67) 154 (3.00)

2 3919 (9.26) 2344 (11.28) 1163 (9.00) 186 (5.62) 216 (4.21)
3 4107 (9.70) 2285 (10.99) 1260 (9.75) 265 (7.60) 297 (5.79)

4 3904 (9.22) 2084 (10.03) 1207 (9.34) 290 (8.32) 323 (6.29)

≥5 24,884 (58.78) 10,665 (51.30) 7658 (59.25) 2531 (72.63) 4030 (78.51)
Mean per year (SD) 7.0 (6.1) 5.9 (5.2) 7.0 (6.0) 8.6 (6.1) 10.4 (7.7)

Notes: aAs recorded on the index date; bIn the 12 months prior to and including the index date. 
Abbreviations: COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 second; GOLD, Global Initiative for Chronic Obstructive Lung Disease; 
GP, general practitioner; MRC, Medical Research Council; SD, standard deviation.

International Journal of Chronic Obstructive Pulmonary Disease 2021:16                                                https://doi.org/10.2147/COPD.S318969                                                                                                                                                                                                                       

DovePress                                                                                                                       
2595

Dovepress                                                                                                                                                        Sansbury et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


analyses showed that the risk of a moderate or severe 
exacerbation in the year following the index date increased 
in line with COPD severity, such that 68.5% of patients in 
GOLD group D had a moderate COPD exacerbation com-
pared with 27.3% in GOLD group A (HR: 3.84; 95% CI: 
3.68, 4.01) (Table 3). Moderate exacerbations occurred in 
62.3% of patients in GOLD group C (HR vs group A: 
3.18; 95% CI: 3.03, 3.34) and 35.6% of those in GOLD 
group B (HR vs group A: 1.39; 95% CI: 1.34, 1.44). In 
addition, 17.8% of patients in GOLD group D had a severe 
COPD exacerbation compared with 2.6% in group A (HR: 
7.32; 95% CI: 6.58, 8.14); while severe exacerbations 
occurred in 6.5% of patients in group C (HR vs group A: 
2.53; 95% CI: 2.16, 2.95) and 8.0% of those in group 
B (HR vs group A: 3.12; 95% CI: 2.81, 3.46).

The risk of death in the 12 months following the index 
date according to GOLD group was highest in GOLD 
groups D and B (the groups with the highest symptom 
burden at baseline), such that 7.8% of patients in group 
D died compared with 1.9% in group A (HR: 4.21; 95% 
CI: 3.67, 4.84). Death occurred in 2.8% of patients in 
GOLD group C (HR vs group A: 1.46; 95% CI: 1.17, 

1.83) and 5.4% of patients in group B (HR vs group A: 
2.89; 95% CI: 2.56, 3.27).

Risk of COPD Exacerbations and Death 
in Patients with COPD According to 
MRC Dyspnea Grade
Time to first moderate or severe COPD exacerbation, and 
time to death in patients stratified according to MRC 
dyspnea grade is shown in Figure 3A–C. Univariate 
regression analyses showed that the risk of a moderate or 
severe exacerbation in the year following the index date 
increased in line with dyspnea severity, such that 52.0% of 
patients with MRC grade 5 dyspnea had a moderate COPD 
exacerbation compared with 25.3% of those with grade 1 
dyspnea (HR: 2.71; 95% CI: 2.46, 2.98) (Table 4). In 
addition, moderate exacerbations occurred in 48.5% of 
patients with grade 4 dyspnea (HR vs grade 1: 2.32; 95% 
CI: 2.19, 2.46), 42.3% with grade 3 dyspnea (HR vs grade 
1: 1.90; 95% CI: 1.80, 2.00), and 35.3% with grade 2 
dyspnea (HR vs grade 1: 1.50; 95% CI: 1.42, 1.58). Of 
patients with grade 5 dyspnea, 25.3% had a severe COPD 

Table 2 Longitudinal Outcomes and Healthcare Utilization of Patients in the 12 Months After the Index Date, Overall and Stratified 
by GOLD 2017 Group

Overall GOLD 
Group A

GOLD 
Group B

GOLD 
Group C

GOLD 
Group D

Total, n (%) 42,331 (100) 20,788 (49.11) 12,925 (30.5) 3485 (8.23) 5133 (12.13)

Moderate COPD exacerbations, n (%)
0 events 26,375 (62.31) 15,118 (72.72) 8328 (64.43) 1131 (37.68) 1616 (31.48)

1 event 9118 (21.54) 3917 (18.84) 2964 (22.93) 908 (26.05) 1329 (25.89)
≥2 events 6838 (16.15) 1753 (8.43) 1633 (12.63) 1264 (36.27) 2188 (42.63)

Rate PPPY (95% CI) 0.27 (0.27, 0.28) 0.15 (0.14, 0.15) 0.22 (0.22, 0.23) 0.53 (0.51, 0.55) 0.72 (0.69, 0.74)

Hospitalized COPD exacerbations, 
n (%)

0 events 36,912 (93.58) 20,243 (97.38) 11,892 (92.01) 3257 (93.46) 4220 (82.81)

1 event 2136 (5.05) 488 (2.35) 844 (6.53) 195 (5.60) 609 (11.86)

≥2 events 583 (1.38) 57 (0.27) 189 (1.46) 33 (0.95) 304 (5.92)
Rate PPPY (95% CI) 0.08 (0.08, 0.09) 0.03 (0.03, 0.03) 0.10 (0.09, 0.11) 0.08 (0.07, 0.09) 0.27 (0.26, 0.29)

GP practice visits, n (%)
0 2858 (6.75) 1758 (8.46) 760 (5.88) 167 (4.79) 173 (3.37)

1 3694 (8.73) 2221 (10.68) 980 (7.58) 233 (6.69) 260 (5.07)

2 4164 (9.84) 2372 (11.41) 1166 (9.02) 301 (8.64) 325 (6.33)
3 3940 (9.31) 2180 (10.49) 1144 (8.85) 306 (8.78) 310 (6.04)

4 3785 (8.94) 1981 (9.53) 1159 (8.97) 296 (8.49) 349 (6.80)

≥5 23,890 (56.44) 10,276 (49.43) 7716 (59.70) 2182 (62.61) 3716 (72.39)
Rate PPPY (95% CI) 6.87 (6.81, 6.93) 5.84 (5.77, 5.92) 7.22 (7.11, 7.32) 7.63 (7.42, 7.84) 9.64 (9.43, 9.85)

Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease; GP, general 
practitioner; PPPY, per patient per year.
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Figure 2 Univariate Cox proportional hazards model for time to the following events according to GOLD classification during the 12 months following the index date, (A) 
moderate COPD exacerbations; (B) severe COPD exacerbations; (C) death. aPatients were followed up for death from 90 days post index date until 12 months post index 
date. 
Note: P values were generated from a single Log rank test comparing all groups. 
Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease.
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exacerbation versus 2.2% of those with grade 1 dyspnea 
(HR: 13.28; 95% CI: 10.90, 16.17), while severe exacer-
bations occurred in 13.7% of patients with grade 4 dys-
pnea (HR vs grade 1: 6.66; 95% CI: 5.63, 7.89), 7.8% with 
grade 3 dyspnea (HR vs grade 1: 3.65; 95% CI: 3.08, 
4.32), and 3.6% with grade 2 dyspnea (HR vs grade 1: 
1.67; 95% CI: 1.40, 1.98).

The risk of death in the 12 months following the index 
date according to MRC dyspnea grade was highest in 
patients with the most severe symptoms of breathlessness, 
such that 15.7% of patients with grade 5 dyspnea died 
compared with 1.6% of those with grade 1 dyspnea (HR: 
10.42; 95% CI: 8.23, 13.19), while death occurred in 7.7% 
of patients with grade 4 dyspnea (HR vs grade 1: 4.84; 
95% CI: 3.96, 5.92), 4.3% with grade 3 dyspnea (HR vs 
grade 1: 2.65; 95% CI: 2.17, 3.24), and 2.2% with grade 2 
dyspnea (HR vs grade 1: 1.34; 95% CI: 1.10, 1.65).

Maintenance Therapy Use
Maintenance therapy use during the 90 days on or after the 
index date in GOLD 2017 groups is presented in Figure 4. In 
this period, 9502 (22.4%) patients (including 2043 [15.8%] 
and 233 [4.5%] in GOLD groups B and D, respectively) 
received no long-acting maintenance therapy. Overall, and 
across GOLD 2017 groups A–D, the most frequent pre-
scribed maintenance therapies were ICS+LABA therapy 
and multiple-inhaler triple therapy, irrespective of GOLD 
classification. Overall, and across GOLD 2017 groups A– 
D, LAMA only was the third most common prescribed 
treatment, while the least common prescribed treatments 
were ICS+LAMA and LAMA+LABA (Figure 4).

Discussion
This large observational study investigated COPD 
patients managed in primary care in England according 
to GOLD 2017 criteria.5 A time-to-event analysis of 
patients categorized by GOLD 2017 criteria showed that 
patients in the highest-risk GOLD group D (indicating 
most severe disease) were almost four times more likely 
to have a moderate COPD exacerbation than those in 
GOLD group A during the year following the index 
date (HR: 3.84). The association between GOLD group 
D and risk of a severe exacerbation was particularly high: 
patients in GOLD group D were seven times more likely 
to experience a severe event leading to hospitalization 
compared with patients in group A (HR: 7.32). These 
results are consistent with other studies showing that 
exacerbation frequency predicts long-term exacerbation 
rates.10,12,13

The additional time-to-event analysis of COPD patients 
categorized according to MRC dyspnea grade suggests 
that breathlessness contributes to exacerbation severity 
and frequency. In our analysis, higher MRC dyspnea 
grades predicted an increased risk of exacerbations, espe-
cially severe exacerbations, over 12 months. Patients with 
MRC grade 5 dyspnea had a more than 2.5-fold higher risk 
(HR: 2.71) of moderate/severe exacerbation and a thirteen- 
fold higher risk (HR: 13.28) of severe exacerbation com-
pared with those with grade 1 dyspnea. Our results are in 
line with other studies that have shown an association 
between the severity of dyspnea and exacerbation severity 
and/or frequency,15,16,18,19 Our data showing an increasing 
HR for death in patients with dyspnea of increasing MRC 

Table 3 Time-to-Event Analysis for COPD Exacerbations and Death in the 12 Months After the Index Date According to GOLD 
2017 Group

GOLD Group 
A (N=20,788)

GOLD Group 
B (N=12,925)

GOLD Group 
C (N=3485)

GOLD Group 
D (N=5133)

Moderate COPD exacerbation
No. with event (%) 5670 (27.3) 4597 (35.6) 2172 (62.3) 3517 (68.5)
HR (95% CI)a 1 1.39 (1.34, 1.44) 3.18 (3.03, 3.34) 3.84 (3.68, 4.01)

Severe COPD exacerbation
No. with event (%) 545 (2.6) 1033 (8.0) 228 (6.5) 913 (17.8)

HR (95% CI)a 1 3.12 (2.81, 3.46) 2.53 (2.16, 2.95) 7.32 (6.58, 8.14)

Deathb

No. with event (%) 395 (1.9) 701 (5.4) 96 (2.8) 400 (7.8)
HR (95% CI)a 1 2.89 (2.56, 3.27) 1.46 (1.17, 1.83) 4.21 (3.67, 4.84)

Notes: aUnadjusted Cox proportional HR calculated relative to GOLD Group A; bPatients were followed up for death from 90 days post index date until 12 months post 
index date. 
Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease; HR, hazard ratio.
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Figure 3 Univariate Cox proportional hazards model for time to the following events according to MRC dyspnea grade during the 12 months following the index date, (A) 
moderate COPD exacerbations; (B) severe COPD exacerbations; (C) death. aPatients were followed up for death from 90 days post index date until 12 months post index 
date.  
Note: P values were generated from a single Log rank test comparing all groups. 
Abbreviations: COPD, chronic obstructive pulmonary disease; MRC, Medical Research Council.

International Journal of Chronic Obstructive Pulmonary Disease 2021:16                                                https://doi.org/10.2147/COPD.S318969                                                                                                                                                                                                                       

DovePress                                                                                                                       
2599

Dovepress                                                                                                                                                        Sansbury et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


grade is consistent with findings from a recent study of 
patients in Sweden.25

In the time-to-event analysis by GOLD 2017 criteria, 
we found that GOLD group B patients had a higher risk of 
severe exacerbation than GOLD group C patients, which 

suggests that the current GOLD classification system may 
not adequately describe the risk of exacerbation for GOLD 
group B patients. Consistent with this, a previous study 
reported that the average number of severe exacerbations 
per year was higher among GOLD group B patients, as 

Table 4 Time-to-Event Analysis for COPD Exacerbations and Death in the 12 Months After the Index Date According to MRC 
Dyspnea Grade

MRC Grade 1 
(N=7363)

MRC Grade 2 
(N=16,910)

MRC Grade 3 
(N=10,985)

MRC Grade 4 
(N=6033)

MRC Grade 5 
(N=1040)

Moderate COPD exacerbation
No. with event (%) 1869 (25.4) 5973 (35.3) 4648 (42.3) 2925 (48.5) 541 (52.0)
HR (95% CI)a 1 1.50 (1.42, 1.58) 1.90 (1.80, 2.00) 2.32 (2.19, 2.46) 2.71 (2.46, 2.98)

Severe COPD exacerbation
No. with event (%) 160 (2.2) 613 (3.6) 857 (7.8) 826 (13.7) 263 (25.3)

HR (95% CI)a 1 1.67 (1.40, 1.98) 3.65 (3.08, 4.32) 6.66 (5.63, 7.89) 13.28 (10.90, 16.17)

Deathb

No. with event (%) 120 (1.6) 371 (2.2) 472 (4.3) 466 (7.7) 163 (15.7)
HR (95% CI)a 1 1.34 (1.10, 1.65) 2.65 (2.17, 3.24) 4.84 (3.96, 5.92) 10.42 (8.23, 13.19)

Notes: aUnadjusted Cox proportional HR calculated relative to MRC 1; bPatients were followed up for death from 90 days post index date until 12 months post index date. 
Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; HR, hazard ratio; MRC, Medical Research Council.
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compared with GOLD group C patients, although the odds 
ratio of severe exacerbation was higher among GOLD 
group C patients.26 Our finding that a higher MRC dys-
pnea score is associated with a graded increase in the risk 
of exacerbation suggests that breathlessness may be 
a useful tool to guide clinicians on the risk of exacerba-
tions in GOLD group B patients. Longitudinal data in 
patients classified according to GOLD 2017 were consis-
tent with the time-to-event analysis. Patients in GOLD 
group D experienced the largest burden of exacerbations 
and, out of all GOLD groups, were the most likely to visit 
their GP at least five times during the 12-month follow-up 
period.

Our analyses also investigated risk stratification by 
GOLD 2017 classification for mortality within 1 year of 
the index date. One-year mortality was highest in patients 
in GOLD groups D and B, the groups with the highest 
symptom burden at baseline. Patients in GOLD group 
D had a four times higher risk of death compared with 
GOLD group A patients (HR: 4.21), while those in GOLD 
group B had an almost three times higher risk of death at 
1 year (HR: 2.89) compared with GOLD group A patients. 
Patients in GOLD group C had 1.5 times the risk of death 
(HR: 1.46), when compared with GOLD group A patients. 
The higher mortality risk among GOLD group B patients 
than group C patients is consistent with findings from 
previous studies.26–28 In a cohort of >6500 Danish 
COPD patients stratified according to GOLD 2011 group, 
both 1- and 3-year mortality rates were higher among 
GOLD group B patients than GOLD group C patients.27 

Similarly, all-cause and respiratory mortality odds ratios 
were higher among GOLD 2011 group B patients com-
pared with GOLD group C patients in the GenKOLS 
study.28 All-cause and respiratory mortality rates were 
also found to be higher among GOLD 2017 group 
B patients than GOLD group C patients in 
a retrospective study in Taiwan.26 In addition, the 1-year 
mortality rate of 8% we found in GOLD group D patients 
is broadly consistent with reports from similar studies, 
which range from 4.3% to 15.5%,17,29 and our finding 
that the 1-year mortality risk is highest in GOLD groups 
D and B is consistent with a large Danish study that 
investigated the ability of GOLD 2017 classifications to 
predict all-cause and respiratory mortality.17 The Danish 
study also found that the risk of 3-year mortality compared 
with group A was higher for groups D and B than group 
C.17 In addition, its finding that 3-year mortality increased 

with increasing exacerbations and dyspnea is consistent 
with our findings that the risk of death at 1 year was 
associated with the severity of dyspnea, with mortality 
risk increasing in line with increasing MRC grade.

Approximately one-fifth (22.4%) of the overall popula-
tion had not received any long-acting maintenance therapy 
in the 12 months prior to the index date. During the 90 
days on or after the index date, 22.4% of patients (includ-
ing 15.8% and 4.5% in GOLD groups B and D, respec-
tively) did not receive any long-acting maintenance 
therapy. These results indicate that a significant minority 
of COPD patients remain untreated despite a considerable 
symptomatic burden. Further education and support may 
help healthcare practitioners to follow international and 
UK evidence-based recommendations on use of mainte-
nance therapy for patients with COPD.24,30

The finding that patients in GOLD group B are at 
high risk of severe exacerbation warrants further inves-
tigation. Future research should focus on this group of 
patients and should aim to investigate what factors may 
be driving the risk of severe events beyond breathless-
ness, for example, worse airflow limitation or comorbid-
ities. It has previously been suggested that underlying 
comorbidities, particularly cardiovascular disease, may 
contribute to the increased risk of mortality observed in 
GOLD group B patients.27 Further research may support 
the identification of a treatable trait in this group, which 
may help identify patients who are at higher risk of 
exacerbation, and may benefit from earlier, more inten-
sive therapy.

A strength of this study is its inclusion of a large 
number of patients, comparable in magnitude to previous 
studies that have stratified patients by GOLD 
group,12,17,31 and its use of validated CPRD data which 
have, in previous studies,20,21 been used to confirm the 
completeness and high quality of computer-recorded, 
COPD-related GP data. Our study has been one of only 
a few to date that provide HR data for exacerbation or 
death in patients stratified by breathlessness. The use of 
FEV1 values also allowed COPD patients to be identified 
with greater sensitivity. It should be noted that pre- or 
post-bronchodilator status is not always captured in pri-
mary care data and, therefore, misclassification of dis-
ease is a possibility, however, a validated algorithm with 
a high positive predictive value was used in this study, to 
help mitigate this risk. In addition, determining factors 
associated with mortality risk was beyond the scope of 
the current study and unfortunately causes of death were 
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not recorded. Identifying factors associated with mortal-
ity risk among COPD patients is an important topic that 
should be investigated in future studies. Other limitations 
of this study stem from its inclusion of patients from 
a single country, England, and differences in patient 
characteristics and clinical practice standards may apply 
in other countries. Moreover, regional differences in 
prescribing practices and prescription costs may lead to 
differences in baseline medication use, such that our data 
are not necessarily applicable on a broader scale.

Conclusions
Our study has demonstrated that there is clinical utility in 
stratifying this large primary care population according to 
GOLD criteria, with classification predicting the risk of 
moderate and severe COPD exacerbations. The risk of 
death within 1 year was most strongly predicted by the 
groups with the highest symptom burden at baseline 
(GOLD groups B and D). The observation that MRC 
dyspnea grade also predicted exacerbation severity and 
death suggests that breathlessness is a useful indicator of 
future outcomes and may be used to guide future risk 
management strategies, particularly in GOLD group 
B patients who have a large symptom burden and who 
may benefit from early, intensive therapeutic intervention. 
It is hoped that an improved understanding of sub- 
populations of patients with COPD, and their respective 
burdens of disease and healthcare resource utilization in 
clinical practice, may enable the optimization of patient 
care.
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