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Purpose: Risk factors for exacerbations of chronic obstructive pulmonary disease (COPD) have been previously characterized for 
patients with more severe cases of COPD. It is unclear how the risk of first exacerbation may best be identified in patients with less 
severe disease. This study investigated risk factors for first exacerbation among English patients with COPD classified as Global 
Initiative for Chronic Obstructive Lung Disease (GOLD) group A or B.
Patients and Methods: A retrospective cohort study using data from the UK Clinical Practice Research Datalink (CPRD) AURUM 
linked to Hospital Episode Statistics. Patients with COPD aged ≥35 years and classified as GOLD group A or B (2020 criteria) from 
January 2013–December 2019 were eligible. Patients were required to have 24 months history in CPRD (baseline). Two cohorts were 
defined: cohort 1 included patients with no severe exacerbations during baseline; cohort 2 included patients with no moderate or severe 
exacerbations during baseline. Risk factors associated with severe, or combined moderate and severe exacerbation were examined for 
up to 5 years of follow-up.
Results: Overall, 194,948 patients were included in cohort 1 (mean age 66.2 years; 55.2% male), and 148,396 patients in cohort 2 
(mean age 66.1 years; 56.6% male). Identified risk factors for exacerbation (and associated 1-year absolute risk of severe, or 
combined moderate and severe exacerbation, respectively) included: Medical Research Council dyspnea scale score (15.9%/28.4%); 
COPD Assessment Test score (9.6%/25.3%); GOLD grade of airflow limitation (forced expiratory volume in 1 second % predicted; 
13.6%/27.5%); and lung cancer (8.1%/23.6%). After adjustment for risk factors, these factors remained independently associated 
with severe exacerbation at 1, 3, and 5 years of follow-up.
Conclusion: The identified risk factors may aid physicians in the early recognition of patients with COPD classified as GOLD group 
A or B at risk of first exacerbation.
Keywords: COPD, CPRD, exacerbation, GOLD A/B, risk factor, UK

Introduction
Chronic obstructive pulmonary disease (COPD) is the third leading cause of death worldwide, accounting for approxi-
mately 3.23 million deaths in 2019.1 In 2015, the global prevalence of COPD was estimated to be 174 million 
(104.7 million males and 69.7 million females).2 In the UK, the prevalence of diagnosed COPD continues to rise, 
with an estimated increase of 27% in the last decade.3 Direct costs related to COPD are estimated to be around 
£1.9 billion each year.4

Exacerbations of COPD are a key driver of the clinical and economic burden of the disease.5 Risk factors for COPD 
exacerbations have been widely characterized; the history of prior exacerbation is among the most important predictors 
of frequent exacerbation.6,7 Comorbidity, as well as the presence and severity of airflow limitation (as measured by 
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forced expiratory volume in 1 second [FEV1] % predicted), have been identified as predictors of future exacerbations 
among patients with prior exacerbations.6 Other potential risk factors such as age, smoking status, and current medication 
use vary greatly between studies.8 However, among patients without an exacerbation history, it is unclear which factors 
put patients at higher risk of first exacerbation.

In 2017, the Global Initiative for Chronic Obstructive Lung Disease (GOLD) introduced a revised “ABCD” 
assessment tool to categorize patients with COPD into one of four groups based upon their symptoms and exacerbation 
history, for the purpose of selecting an initial maintenance therapy.9 Patients classified as GOLD group B or D have 
a greater burden of respiratory symptoms; patients classified as GOLD group C or D are considered at higher risk of 
future events (ie exacerbations, hospital admissions, or death). However, the second highest rates of mortality and 
severe exacerbation (after group D) have been reported among GOLD group B patients, with levels of breathlessness 
reported as being a driving factor and associated with poor prognosis.10–13 A 2014 study reported that gastroesopha-
geal reflux disease (GERD), chronic bronchitis, and breathlessness are significantly associated with elevated risk of 
exacerbation in patients with COPD, even among those without exacerbation history.14 However, many previous 
studies were conducted in specialist/secondary care and generally included more severe COPD cases. Whether and 
how such risk factors contribute to first COPD exacerbation in patients with less severe disease not requiring 
hospitalization is unknown.

Although inhaled corticosteroid (ICS) therapy is not recommended for patients in GOLD groups A or B according to 
clinical guidelines,15,16 addition of ICS to long-acting bronchodilator therapy is commonly seen in usual care as initial 
maintenance therapy.17 Identifying characteristics predictive of a first exacerbation among individuals with COPD who 
are naïve to ICS may help predict patients who would benefit from the earlier introduction of ICS. This study aimed to 
investigate risk factors for the first exacerbation among patients with COPD who were classified as GOLD group A or B, 
overall and stratified by ICS use at baseline.

Materials and Methods
Study Design and Data Source
This was a retrospective, observational cohort study of patients with COPD using primary care data from the UK Clinical 
Practice Research Datalink (CPRD) AURUM and linked secondary data from the Hospital Episode Statistics (HES) 
Admitted Patient Care database. CPRD-AURUM is a longitudinal electronic health record database containing the 
anonymized medical records of all patients registered with a contributing primary care practice across the UK. Data 
captured in CPRD include demographic information (age, sex, weight); records of clinical events (medical diagnoses); 
immunization records; diagnostic testing; lifestyle information (eg smoking status and alcohol status); and all other types 
of care administered as part of routine general practitioner (GP) practice. Linkage of CPRD-AURUM to HES is possible 
for a subset of approximately 25 million patients registered at GP practices in England that have consented to the linkage 
scheme. HES datasets contain details of all inpatient episodes of care (including day cases), outpatient appointments, and 
accident and emergency attendances.

The study design is shown in Figure 1. The study follow-up period spanned from January 2013 to December 2019. 
The index date was defined as the date 2 years after COPD diagnosis, January 1, 2011, registration at the practice, or of 
acceptable standard in CPRD, whichever was later. Patients were followed for up to 5 years after the index date, or until 
December 2019, death, or deregistration from the practice, whichever was earliest. Two separate cohorts were defined: 
cohort 1 included patients with no prior severe exacerbations in the 24-month pre-index period; cohort 2 included 
patients with no prior moderate or severe exacerbations in the 24-month pre-index period. Patients were classified as 
using ICS when there were ≥2 prescriptions within the 24-month pre-index period, at least one of which was within 3 
months before, or on, the index date.

Study Population
Patients aged ≥35 years with a COPD diagnosis, an FEV1/forced vital capacity <0.7, and who were classified as GOLD 
group A or B (according to GOLD 2020 criteria) between January 2013 and December 2019 were eligible for inclusion. 
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Patients were required to have 24 months history in CPRD-AURUM prior to the index date and records linked to HES. 
Patients were excluded from the study if they had a severe exacerbation (cohort 1) or a moderate or severe exacerbation 
(cohort 2) in the 24 months prior to index, or if they had record of a code for a medical condition incompatible with 
a COPD diagnosis (including conditions that are related to lung or bronchial developmental anomalies, degenerative 
processes [cystic fibrosis, pulmonary fibrosis], pulmonary resection, or other significant respiratory disorders other than 
COPD that can interfere with clinical COPD diagnosis or substantially change the natural history of the disease; those 
with cancer were not excluded from the study) at any time in their patient history. A 24-month baseline period was used 
in the study to ensure that patients did not have more than one moderate exacerbation or any severe exacerbations during 
baseline.

Study Outcomes
The primary objective of the study was to identify factors associated with increased risk of first severe exacerbation in 
patients with no prior history of severe exacerbations (cohort 1); the secondary objective was to identify factors 
associated with increased risk of first moderate or severe exacerbation in patients with no prior history of moderate or 
severe exacerbations (cohort 2); and the exploratory objective was to identify factors associated with increased risk of 
first moderate exacerbation in patients with no prior history of moderate or severe exacerbations (cohort 2). Outcomes 
were described for all patients overall and stratified by ICS use at baseline. Measurement and definition of potential risk 
factors predictive of a first COPD exacerbation are shown in Supplementary Table S1.

COPD exacerbations were identified from CPRD-AURUM and HES (using International Classification of Disease, 
10th revision codes) based on a validated algorithm.18,19 Exacerbations resulting in hospitalization (ie recorded in HES 
and CPRD) were considered severe, while exacerbations managed only in primary care (ie only recorded in CPRD) were 
considered moderate. Exacerbations on the index date were included. Moderate exacerbations were defined as a record of 
one of the four following events: prescriptions for antibiotics and oral corticosteroids for a length of 5–14 days each (both 
prescriptions must have had the same start date but each could last for a different number of days); presence of 
respiratory symptoms (codes suggesting an increase in two or more of: breathlessness, cough, or sputum volume and/ 
or purulence recorded on the same date) and a prescription for antibiotics or oral corticosteroids (or both) on the 
same day; lower respiratory tract infection medical code; or a COPD exacerbation-specific medical code.18

The proportion of patients with a severe (primary objective), moderate or severe (secondary objective), or moderate 
(exploratory objective) exacerbation at 1, 3, and 5 years following the index date was described overall and stratified by: 

Jan 1, 2011 Dec 31, 2019

Jan 1, 2013

Index date
2 years following: Jan 1, 2011, COPD diagnosis, 
GP registration, or practice up-to-standard date, 

whichever was latest

Up to 5-year follow-up for assessment of severe 
exacerbations (primary objective), moderate/severe 
exacerbations (secondary objective), or moderate 

exacerbations (exploratory objective)

2-year baseline period for 
assessment of patient 
characteristics and risk 
factors for exacerbation

≥2 ICS prescriptions with at least 
one prescription within 3 months of, 

or on, the index date

• Cohort 1: no severe 
exacerbations during baseline

• Cohort 2: no moderate or 
severe exacerbations during 
baseline

• Cohort 1: primary objective
• Cohort 2: secondary/exploratory 

objective

Figure 1 Study design. 
Abbreviations: COPD, chronic obstructive pulmonary disease; GP, general practitioner; ICS, inhaled corticosteroid.
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FEV1% predicted (<30%, 30–<50%, 50–<80%, ≥80%); number of moderate exacerbations in the prior year (0 or 1; for 
primary objective); Medical Research Council (MRC) dyspnea scale score; COPD Assessment Test (CAT) score; 
comorbidities; and blood eosinophil levels (<150, ≥150–< 300, ≥300 cells/μL). The denominator was determined as 
included patients who had follow-up at 1, 3, and 5 years after index. Multivariable Cox regression was used to examine 
the hazard ratio of first exacerbation associated with the above characteristics over up to 5 years of follow-up from index.

Results
Baseline Characteristics
A total of 194,948 patients with COPD were included in cohort 1 (no prior severe exacerbations) and 148,396 patients 
were included in cohort 2 (no prior moderate or severe exacerbations) (Figure 2). Demographic characteristics of patients 
included in cohort 1 and cohort 2, overall and stratified by ICS use at baseline, are shown in Table 1; comorbidities at 
baseline are shown in Supplementary Table S2.

Of the 194,948 patients included in cohort 1, 14,002 (7.2%) had documented ICS use prior to index. The mean 
(standard deviation [SD]) age at index was 66.2 (11.0) years, and 55.2% were male. The most common comorbidities 
among patients in cohort 1 were depression (29.8%), rheumatoid/osteo arthritis (28.0%), anxiety (18.0%), and GERD 
(13.4%). Of the 148,396 patients included in cohort 2, 10,864 (7.3%) had documented ICS use prior to index. The mean 
(SD) age at index was 66.1 (11.0) years, and 56.6% were male. The most common comorbidities among patients in 
cohort 2 were depression (29.0%), rheumatoid/osteo arthritis (27.3%), anxiety (17.4%), and GERD (12.9%).

Risk Factor Characteristics
The distribution of potential risk factors for COPD exacerbation among included patients is shown in Supplementary Table S3.

Among patients in cohort 1, 67.2% were classified as GOLD A and 32.8% were classified as GOLD B. In total, 
11.8% of patients in cohort 1 had a moderate exacerbation in the baseline period. Most patients had an MRC dyspnea 
grade 2 (38.5%), followed by grade 3 (22.0%) and grade 1 (20.7%), and the majority of patients with available data 

≥1 COPD diagnosis in the study period
(n=349,099)

Aged ≥35 years at time of first COPD diagnosis
(n=346,691)

FEV1/FVC <0.7 at anytime in their history
(n=251,819)

Records linked to HES
(n=246,345)

≥24 months history in CPRD prior to index
(n=246,345)

Classified as GOLD A or GOLD B per 2020 criteria 
(n=201,629)

No medical condition requiring exclusion
(n=194,948)

≥1 COPD diagnosis in the study period
(n=221,828)

Aged ≥35 years at time of first COPD diagnosis
(n=219,961)

FEV1/FVC <0.7 at anytime in their history
(n=156,337)

Records linked to HES
(n=153,254)

≥24 months history in CPRD prior to index
(n=153,254)

Classified as GOLD A or GOLD B per 2020 criteria 
(n=153,254)

No medical condition requiring exclusion
(n=148,396)

Cohort 1 Cohort 2

Figure 2 Patient attrition. 
Abbreviations: COPD, chronic obstructive pulmonary disease; CPRD, Clinical Practice Research Datalink; FEV1, forced expiratory volume in 1 second; FVC, forced vital 
capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease; HES, Hospital Episode Statistics.
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had a CAT score indicative of less severe respiratory symptoms (around 8% for both 0–9 and 10–19 groups; 78% of 
patients had unknown CAT score). The FEV1% predicted values followed the same pattern, with most patients having 
either moderate or mild airflow limitation. The most commonly used respiratory medication at baseline was short- 
acting β2-agonist (SABA; 72.7%). The most recently used respiratory medications prior to the index date were SABA 
(27.3%), ICS/long-acting β2-agonist (ICS/LABA; 20.8%), and ICS/long-acting muscarinic antagonist/LABA (ICS/ 
LAMA/LABA; 15.5%). Similar risk factor distribution patterns were observed for patients in cohort 2 
(Supplementary Table S3).

Table 1 Demographic characteristics of patients included in cohort 1 and cohort 2, overall and stratified by ICS use at baseline

Cohort 1 (no prior severe exacerbations) Cohort 2 (no prior moderate/severe exacerbations)

Total  
N=194,948

ICS users 
N=14,002

ICS non-users 
N=180,546

Total  
N=148,396

ICS users 
N=10,864

ICS non-users 
N=137,532

Age at index date, years, 
(mean, SD)

66.19 (10.98) 67.04 (11.18) 66.12 (10.96) 66.13 (10.98) 66.96 (11.17) 66.07 (10.96)

Age group, n (%)

35–49 14,918 (7.65) 1044 (7.25) 13,874 (7.68) 11,458 (7.72) 797 (7.34) 10,661 (7.75)

50–59 37,076 (19.02) 2468 (17.14) 34,608 (19.17) 28,323 (19.09) 1859 (17.11) 26,464 (19.24)

60–69 65,604 (33.65) 4668 (32.41) 60,936 (33.75) 50,037 (33.72) 3562 (32.79) 46,475 (33.79)

70–79 54,602 (28.01) 4218 (29.29) 50,384 (27.91) 41,455 (27.94) 3154 (29.03) 38,301 (27.85)

80–89 21,511 (11.03) 1876 (13.03) 19,635 (10.88) 16,189 (10.91) 1395 (12.84) 14,794 (10.76)

90+ 1237 (0.63) 128 (0.89) 1109 (0.61) 934 (0.63) 97 (0.89) 837 (0.61)

Sex, n (%)

Male 107,694 (55.24) 7303 (50.71) 100,391 (55.60) 84,037 (56.63) 5660 (52.10) 78,377 (56.99)

Female 87,254 (44.76) 7099 (49.29) 80,155 (44.40) 64,359 (43.37) 5204 (47.90) 59,155 (43.01)

Unknown/missing 0 0 0 0 0 0

BMI closest to index date 
(mean, SD)

27.31 (5.97) 27.35 (5.88) 27.31 (5.98) 27.27 (5.94) 27.33 (5.90) 27.26 (5.94)

BMI group, n (%)

Underweight (< 18.5) 7313 (3.75) 510 (3.54) 6803 (3.77) 5513 (3.72) 374 (3.44) 5139 (3.74)

Normal (18.5–24.9) 63,238 (32.44) 4619 (32.07) 58,619 (32.47) 48,412 (32.62) 3492 (32.14) 44,920 (32.66)

Overweight (25.0–29.9) 65,568 (33.63) 4973 (34.53) 60,595 (33.56) 50,128 (33.78) 3783 (34.82) 46,345 (33.70)

Obese (30.0 +) 53,541 (27.46) 3959 (27.49) 49,582 (27.46) 40,206 (27.09) 2948 (27.14) 37,258 (27.09)

Unknown 5288 (2.71) 341 (2.37) 4947 (2.74) 4137 (2.79) 267 (2.46) 3870 (2.81)

Smoking status, n (%)

Ex-smoker 90,373 (46.36) 6774 (47.04) 83,599 (46.30) 68,498 (46.16) 5109 (47.03) 63,389 (46.09)

Current smoker 81,787 (41.95) 5121 (35.56) 76,666 (42.46) 62,572 (42.17) 3835 (35.30) 58,737 (42.71)

Non-smoker 22,767 (11.68) 2507 (17.41) 20,260 (11.22) 17,307 (11.66) 1920 (17.67) 15,387 (11.19)

Unknown 21 (0.01) 0 21 (0.01) 19 (0.01) 0 19 (0.01)

Abbreviations: BMI, body mass index; ICS, inhaled corticosteroid; SD, standard deviation.

International Journal of Chronic Obstructive Pulmonary Disease 2023:18                                                https://doi.org/10.2147/COPD.S413947                                                                                                                                                                                                                       

DovePress                                                                                                                       
2677

Dovepress                                                                                                                                                         Rothnie et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=413947.docx
https://www.dovepress.com
https://www.dovepress.com


Absolute Risk of Severe COPD Exacerbation
At MRC dyspnea grade 1, there was a 2.1% absolute risk of severe exacerbation at 1 year, which increased across the 
scale to a 15.9% absolute risk at MRC grade 5 (Figure 3). CAT score 0–9 was associated with a 2.6% absolute risk of 
severe exacerbation at 1 year, which increased across scores to a 9.6% absolute risk at CAT score 30–40. For FEV1% 
predicted values, at the highest level (≥80%) there was a 2.4% absolute risk of severe exacerbation at 1 year; the absolute 
risk increased as FEV1% predicted values decreased (13.6% absolute risk at FEV1% predicted <30%). The presence of 
comorbidities including acute myocardial infarction, congestive heart failure, stroke, bronchiectasis, and lung cancer 
were associated with an elevated risk of exacerbation versus patients without these comorbidities (7.1% vs 4.5%, 8.5% vs 
4.5%, 7.1% vs 4.5%, 7.1% vs 4.6%, and 8.1% vs 4.6%, respectively) at 1 year; conversely, the presence of depression, 
anxiety, or GERD was not associated with an elevated risk of exacerbation a 1 year (Supplementary Figure S1). At each 
risk factor level, the 1-year absolute risk of severe COPD exacerbation was slightly greater among ICS non-users 
compared with ICS users. The absolute risk patterns of severe exacerbation across risk factor levels remained largely 
similar at 3 years and 5 years of follow-up; however, the magnitude was greater when more years of observation were 
included (Figure 3).

Hazard Ratio of Severe COPD Exacerbation
After adjustment for risk factors, the Cox proportional hazards modeling showed that most potential risk factors were 
associated with an increased rate of severe exacerbation at 1 year of follow-up (Figure 4A).

A higher rate of severe COPD exacerbation was observed among those with a moderate COPD exacerbation at baseline 
(hazard ratio [HR]: 1.14, 95% confidence interval [CI]: 1.06–1.23) compared with those without a moderate exacerbation 
(reference group). Of note, when stratified by ICS use, moderate exacerbation (1 vs 0) during baseline was found to be 
predictive of severe exacerbation at 1 year of follow-up among ICS non-users (HR: 1.16, 95% CI: 1.07–1.25) but not among 
ICS users (HR: 1.00, 95% CI: 0.77–1.36). FEV1% predicted values ≥30–<50% and <30% were associated with a 30.0%, and 
82.2% increased rate of severe COPD exacerbation, respectively; FEV1% predicted ≥50–<80% showed a non-significant 
increase in severe exacerbation compared with the reference group (FEV1% predicted ≥80%). Patients with an MRC dyspnea 
grade 2 showed a non-significant increase in the rate of severe exacerbation compared with MRC grade 1 (reference group); 

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

50%
1-year risk 3-year risk 5-year risk

MRC dyspnea scale CAT score GOLD grade of 
airflow limitation

Eosinophil count (µl)

A
b
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lu
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is
k

Figure 3 Absolute risk of severe exacerbation across different levels of risk factors among patients in cohort 1. 
Abbreviations: CAT, Chronic Obstructive Pulmonary Disease Assessment Test; GOLD, Global Initiative for Chronic Obstructive Lung Disease; MRC, Medical Research 
Council.
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however, patients with an MRC grade 3, 4, and 5 showed an increased rate of severe COPD exacerbation of 29.4%, 61.8%, and 
117.6%, respectively, compared with the reference group. In the model restricted to patients with available CAT score, higher 
CAT scores were associated with a higher rate of severe COPD exacerbation when compared with the lowest CAT score level 
of 0–9 (reference group), with HRs of 1.44 for CAT score 10–19, 1.55 for CAT score 20–29, and 1.47 for CAT score 30–40. 
The presence of lung cancer was also associated with a higher risk of severe exacerbation (HR: 1.42, 95% CI: 1.26–1.59), as 
was anxiety (HR: 1.11, 95% CI: 1.02–1.20), myocardial infarction (HR: 1.16, 95% CI: 1.06–1.26), and congestive heart failure 
(HR: 1.16, 95% CI: 1.07–1.27). Other examined comorbidities (including bronchiectasis and GERD) were not associated with 
an increased risk of severe exacerbation.

Conversely, a current asthma diagnosis (HR: 0.92, 95% CI: 0.86–0.99) or historical asthma diagnosis (HR: 0.86, 
95% CI: 0.81–0.93) was found to be associated with a lower risk of severe COPD exacerbation at 1 year of follow-up. 
When stratified by ICS use, asthma diagnosis remained protective in association with severe exacerbation for both ICS 
users and non-ICS users; the magnitude of the association was stronger in ICS users versus non-ICS users (current 
asthma diagnosis: ICS users HR 0.70 vs non-ICS users HR 0.94; historical asthma diagnosis: ICS users HR 0.52 vs 
non-ICS users HR 0.90). Eosinophil levels of ≥150–<300 cells/µL were also associated with a significantly lower risk 
of severe COPD exacerbation compared with eosinophils <150 cells/µL (reference group) (HR: 0.92, 95% CI: 0.86– 
0.98), as was female sex (7.3% lower rate of severe COPD exacerbation compared with male sex). When stratified by 
ICS use, eosinophil levels ≥150–300 cells/µL remained protective in association with severe exacerbation among non- 
ICS users but not ICS users (non-ICS users HR 0.91 [95% CI 0.85–0.97]; ICS users HR 1.09 [95% CI 0.84–1.04]). 

GOLD grade 2 vs 1
GOLD grade 3 vs 1
GOLD grade 4 vs 1

Moderate exacerbations (1 vs 0)
MRC dyspnea grade 2 vs 1
MRC dyspnea grade 3 vs 1
MRC dyspnea grade 4 vs 1
MRC dyspnea grade 5 vs 1

Eosinophils ≥150–300 μl vs <150 μl
Eosinophils >300 μl vs <150 μl

Age at COPD diagnosis
Sex (female vs male)

Depression
Anxiety
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Figure 4 Hazard ratio of severe exacerbation at (A) 1 year, (B) 3 years, and (C) 5 years post-index by risk factors. 
Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease; MRC, Medical 
Research Council.
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Largely consistent patterns were observed between risk factors and severe COPD exacerbations at 3 years and 5 years 
of follow-up, with a few exceptions (Figure 4B and C).

Absolute Risk of Moderate/Severe COPD Exacerbation
At MRC dyspnea grade 1, there was a 12.9% absolute risk of moderate to severe exacerbation at 1 year, which 
increased across the grades to a 28.4% absolute risk at MRC grade 5 (Figure 5). CAT score 0–9 was associated with 
a 13.5% absolute risk of moderate to severe exacerbation at 1 year, which increased across scores to a 25.3% absolute 
risk of moderate to severe exacerbation at CAT score 30–40. For FEV1% predicted values, at the highest level (≥80%) 
there was a 13.5% absolute risk of moderate to severe exacerbation at 1 year; the absolute risk increased as FEV1% 
predicted values decreased (27.5% absolute risk at FEV1% predicted <30%). The presence of all examined comorbid-
ities was associated with an increased risk of exacerbation at 1 year (Supplementary Figure S2). At each risk factor 
level, the 1-year absolute risk of moderate to severe COPD exacerbation was largely comparable between ICS non- 
users and ICS users. The absolute risk patterns of severe exacerbation across risk factor levels remained largely similar 
at 3 years and 5 years of follow-up (Figure 5).

Hazard Ratio of Moderate/Severe COPD Exacerbation
After adjustment for risk factors, the Cox proportional hazards modeling showed that most potential risk factors were 
associated with an increased rate of moderate to severe exacerbation at 1 year of follow-up (Figure 6A).

FEV1% predicted values ≥30–<50% and <30% were associated with a 18.0%, and 39.3% increased rate of moderate to 
severe COPD exacerbation, respectively; FEV1% predicted ≥50–<80% showed a non-significant increase in moderate to severe 
exacerbations compared with the reference group (FEV1% predicted ≥80%). Patients with MRC dyspnea grade 2, 3, 4, and 5 
showed an increased rate of moderate to severe COPD exacerbation of 6.6%, 21.1%, 33.8%, and 45.3%, respectively, compared 
with patients with MRC grade 1 (reference group). In the model restricted to patients with available CAT score, CAT score 10–19, 
20–29, and 30–40 was associated with a 10.3%, 15.8%, and 36.3% higher rate of moderate to severe COPD exacerbation, 
respectively, when compared with the lowest CAT score level of 0–9 (reference group). The presence of lung cancer was also 
associated with a higher risk of moderate or severe exacerbation (HR: 1.22, 95% CI: 1.11–1.34), as was depression (HR: 1.07, 
95% CI: 1.02–1.12), GERD (HR: 1.08, 95% CI: 1.03–1.14), myocardial infarction (HR: 1.10, 95% CI: 1.03–1.17), congestive 
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Figure 5 Absolute risk of moderate or severe exacerbation across different levels of risk factors among patients in cohort. 
Abbreviations: CAT, Chronic Obstructive Pulmonary Disease Assessment Test; GOLD, Global Initiative for Chronic Obstructive Lung Disease; MRC, Medical Research Council.
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heart failure (HR: 1.09, 95% CI: 1.01–1.16), and current asthma diagnosis (HR: 1.06, 95% CI: 1.01–1.11). Largely consistent 
association patterns were observed between each risk factor and moderate to severe COPD exacerbation at 3 years and 5 years of 
follow-up with only a few exceptions (Figure 6B and C).

Risk of Moderate COPD Exacerbation
Results of the exploratory analysis are presented in the Supplementary Appendix (Supplementary Results R1 and R2, 
Figures S3 and S4).

Discussion
This study identified factors associated with an increased risk of first severe, first moderate or severe, or first moderate 
exacerbation among patients with COPD classified as GOLD group A or B, overall, and stratified by ICS use at baseline.

Among patients with no prior severe or moderate/severe exacerbations during baseline (cohorts 1 and 2), GOLD 
grade of airflow limitation (FEV1% predicted), CAT score, and MRC dyspnea score were associated with the largest 
increased risk of exacerbation at 1 year. Notably, lower FEV1% predicted values and higher symptom scores were bigger 
predictors (ie, larger HRs) of severe exacerbation events. This is suggestive that as well as predicting the frequency of 
future events, risk factors can also predict the severity of future events. Clinicians should keep this in mind when 
assessing the risk of future events for their patients with COPD.

Among patients with no severe exacerbations during baseline (cohort 1), previous moderate exacerbation, depression, 
anxiety, myocardial infarction, congestive heart failure, and lung cancer were significantly associated with severe exacer-
bation at 1 year. These risk factors remained significantly associated with severe exacerbation at 3 years and 5 years. 
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Figure 6 Hazard ratio of moderate or severe exacerbation at (A) 1 year, (B) 3 years, and (C) 5 years post-index by risk factors. 
Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease; MRC, Medical 
Research Council.
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Although cardiovascular comorbidities were not major predictors of exacerbation (ie, HRs were not as high as for other 
predictors eg, FEV1% predicted and MRC dyspnea scale score), this study focused on first exacerbation; this result may not 
be the same among patients with more severe disease (ie, GOLD grade C/D). Of note, comorbid GERD was not associated 
with an increased risk of exacerbation in this cohort of patients. Eosinophil count ≥150–300 µL, the presence of rheumatoid/ 
osteo arthritis and current or historical asthma were found to be protective for severe exacerbation at 1, 3, and 5 years of 
follow-up among this cohort. Among ICS users, there was no evidence of GOLD grade of airflow limitation, CAT score, or 
lung cancer being associated with increased risk of severe exacerbation; MRC dyspnea score (grade 4 and 5) and stroke 
were shown to be risk factors of severe exacerbation among this population. This may suggest that the use of ICS had 
ameliorated the risk associated with these factors; however, the low percentage of ICS users (7%) likely had limited power 
to show association between other risk factors and severe exacerbation.

Among patients with no prior moderate or severe exacerbations during baseline (cohort 2), depression, GERD, acute 
myocardial infarction, congestive heart failure, and lung cancer were significantly associated with moderate/severe 
exacerbation at 1 year. Many of these risk factors (except GERD) remained significantly associated with severe 
exacerbation at 3 years and 5 years. Among ICS users, there was no evidence that COPD GOLD grade of airflow 
limitation, CAT score, and MRC dyspnea scale grade 2, 3, or 5 were associated with moderate/severe exacerbation. 
However, MRC dyspnea scale grade 4 and lung cancer were shown to be risk factors for moderate/severe exacerbation at 
1 year. When moderate exacerbations were examined as the outcome of interest, many potential risk factors were 
associated with an increased risk of exacerbation at 1, 3, and 5 years of follow-up.

To the authors’ knowledge, this is the first study to examine risk factors for exacerbation in patients with COPD 
classified as GOLD A or B as a combined group, and the only study to include a 5-year follow-up period. Of note, even 
when adjusted for lung function, symptoms scores (MRC and CAT) were identified as predictive factors for exacerbation 
in the current study; conversely, comorbid asthma and blood eosinophil count were not predictive of exacerbation risk. 
This is consistent with a recent study from SPIROMICS, in which neither baseline blood nor sputum eosinophils were 
found to be associated with exacerbation risk20 and a post-hoc analysis of real-world study data, which reported that 
whilst exacerbation history was a reliable predictor of future exacerbations, blood eosinophil was not;21 previous mixed 
findings may be due to an enrichment of studies including patients with a history of exacerbations. Risk factors for 
exacerbation in patients classified as GOLD group B in Denmark have previously been examined;22 similar factors to the 
current study were identified (FEV1% predicted and MRC score). However, female sex was also identified as a risk 
factor, which differs from the current study.

This analysis was conducted among all patients and among patients stratified by ICS use at baseline. The majority of 
patients in the current study were ICS non-users; the potential risk factors for exacerbation that were identified may be 
useful in guiding earlier use of ICS where appropriate. Other future research should focus on better understanding 
potential risk factors for exacerbations among patients with COPD and implementing these findings in the clinical 
management of patients, for example, via individual patient prognostic modeling.23,24

To note, although the study period pre-dated the GOLD 2020 strategy, the criteria for classification of patients into 
GOLD A or GOLD B groups (via MRC score, CAT score, and prior exacerbation history) in the GOLD 2020 strategy is 
the same as the previous GOLD strategy,9 and similar to the prior 2011 strategy.25 The classification criteria for GOLD 
A and GOLD B also remains unchanged in the current GOLD 2023 strategy.15

The results of this study should be considered in the context of a few potential limitations. To make sure that the 
first exacerbation in the observation period was identified for each patient, it was specified that participants had to 
survive for 2 years with no exacerbations before entry. This may have introduced some element of survivor bias and is 
likely to have biased towards a less severe population. Therefore, the current estimates of absolute risk should be seen 
as conservative. There is the possibility of asthma being mis-diagnosed as COPD and vice versa, particularly in 
patients aged ≥40 years. The sensitivity of the algorithm for moderate exacerbations was around 70% (meaning 
approximately 30% of moderate exacerbations were not picked up by the algorithm);18 reported absolute risk 
estimates are therefore conservative. Also, CAT scores were missing for some patients; although using a 24-month 
baseline period for assessment of CAT score decreased missingness, it should be noted that the analysis population for 
MRC and CAT were different. Finally, although lung cancer was included as an exposure of interest, it may be 
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complicated to differentiate COPD exacerbations in patients with acute episodes of deterioration associated with lung 
cancer itself, meaning any “signal” of a higher risk of exacerbation associated with lung cancer should be interpreted 
with caution.

Conclusions
This study identified risk factors associated with an increased risk of first severe or first moderate/severe exacerbation in 
patients with COPD classified as GOLD group A or B at 1, 3, and 5 years of follow-up. Among patients with no prior 
severe exacerbations (cohort 1), MRC dyspnea score, CAT score, GOLD grade of airflow limitation (FEV1% predicted), 
lung cancer, previous moderate exacerbation, age, depression, anxiety, acute myocardial infarction, and congestive heart 
failure were significantly associated with severe exacerbation at 1 year. Among patients with no prior moderate or severe 
exacerbations (cohort 2), MRC dyspnea score, CAT score, FEV1% predicted, lung cancer, age, depression, GERD, acute 
myocardial infarction, congestive heart failure, and current asthma were significantly associated with moderate/severe 
exacerbation at 1 year. Blood eosinophil count was not predictive of exacerbation risk. The identified risk factors can aid 
physicians in the early identification of patients with COPD classified as GOLD A or B at risk of first exacerbation, and 
who may benefit from earlier optimization of therapy to prevent exacerbations.

Abbreviations
CAT, COPD Assessment Test; CI, confidence interval; COPD, chronic obstructive pulmonary disease; CPRD, Clinical 
Practice Research Datalink; FEV1, forced expiratory volume in 1 second; GERD, gastroesophageal reflux disease; 
GOLD, Global Initiative for Chronic Obstructive Lung Disease; GP, general practitioner; HES, Hospital Episode 
Statistics; HR, hazard ratio; ICS, inhaled corticosteroid; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic 
antagonist; MRC, Medical Research Council; SABA, short-acting β2-agonist; SD, standard deviation.
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