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Purpose: Understanding risk factors for an acute exacerbation of chronic obstructive pul
monary disease (AECOPD) is important for optimizing patient care. We re-analyzed data from 
the Evaluation of COPD Longitudinally to Identify Predictive Surrogate Endpoints (ECLIPSE) 
study (NCT00292552) to identify factors predictive of re-exacerbations and associated with 
prolonged AECOPDs.
Methods: Patients with COPD from ECLIPSE with moderate/severe AECOPDs were 
included. The end of the first exacerbation was the index date. Timing of re-exacerbation 
risk was assessed in patients with 180 days’ post-index-date follow-up data. Factors predictive 
of early (1–90 days) vs late (91–180 days) vs no re-exacerbation were identified using 
a multivariable partial-proportional-odds-predictive model. Explanatory logistic-regression 
modeling identified factors associated with prolonged AECOPDs.
Results: Of the 1,554 eligible patients from ECLIPSE, 1,420 had 180 days’ follow-up data: 
more patients experienced early (30.9%) than late (18.7%) re-exacerbations; 50.4% had no 
re-exacerbation within 180 days. Lower post-bronchodilator FEV1 (P=0.0019), a higher number 
of moderate/severe exacerbations on/before index date (P<0.0001), higher St. George’s 
Respiratory Questionnaire total score (P=0.0036), and season of index exacerbation (autumn 
vs winter, P=0.00164) were identified as predictors of early (vs late/none) re-exacerbation risk 
within 180 days. Similarly, these were all predictors of any (vs none) re-exacerbation risk within 
180 days. Median moderate/severe AECOPD duration was 12 days; 22.7% of patients experi
enced a prolonged AECOPD. The odds of experiencing a prolonged AECOPD were greater for 
severe vs moderate AECOPDs (adjusted odds ratio=1.917, P=0.002) and lower for spring vs 
winter AECOPDs (adjusted odds ratio=0.578, P=0.017).
Conclusion: Prior exacerbation history, reduced lung function, poorer respiratory-related quality- 
of-life (greater disease burden), and season may help identify patients who will re-exacerbate 
within 90 days of an AECOPD. Severe AECOPDs and winter AECOPDs are likely to be 
prolonged and may require close monitoring.
Keywords: observational study, acute exacerbations of COPD, risk factors, regression 
modeling

Plain Language Summary
Much of the mortality and morbidity associated with chronic obstructive pulmonary disease 
(COPD) can be attributed to deteriorations in the condition, otherwise known as acute 
exacerbations of COPD (AECOPD). The risk factors underlying AECOPD have been well 
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described in the literature, as has the impact they can have on 
patient care. However, the predictive ability of these risk factors 
in anticipating future re-exacerbations, plus the relationships 
between these factors and prolonged AECOPD episodes, have 
not been so well defined – both of which could be of use in 
guiding healthcare management decisions.

Our study addressed this “knowledge gap” by looking at data 
from Evaluation of COPD Longitudinally to Identify Predictive 
Surrogate Endpoints (ECLIPSE), an international, multicenter, 
prospective cohort study of patients with COPD conducted 
from 2005–2010. We developed a predictive model that was 
capable of identifying potentially predictive factors for early, 
late, or no re-exacerbations within a 180-day period. We also 
assessed the data to identify which factors were linked to pro
longed episodes of AECOPD.

We found that exacerbation history, impaired lung function, 
poorer respiratory-related quality-of-life (greater disease burden), 
and season were all factors with the potential to identify patients 
most likely to re-exacerbate within 90 days of experiencing an 
AECOPD. We also found that severe AECOPDs, and AECOPDs 
occurring in the winter (compared with those in warmer months), 
are more likely to be prolonged; this suggests that closer mon
itoring of patients experiencing severe AECOPDs during these 
months may be required, with subsequent implications for help
ing physicians optimize patient care.

Introduction
Chronic obstructive pulmonary disease (COPD) is 
a progressive disease characterized by persistent airflow 
limitation and respiratory symptoms, which are a result of 
abnormalities in the airways or alveoli.1 COPD is 
a leading cause of mortality and morbidity worldwide.2 

Much of the mortality and morbidity associated with 
COPD is driven by acute exacerbations of COPD 
(AECOPD), which are typically defined as an acute wor
sening of respiratory symptoms that require additional 
treatment.3 Systemic and oral corticosteroids are estab
lished as the standard-of-care treatment for AECOPD, 
but their effectiveness may differ between patients, 
thereby affecting overall recovery time.

Exacerbation symptoms typically last 7–10 days, but some 
events can last longer, and, at 8 weeks, as many as 20% of 
patients may not have returned to their pre-exacerbation state.4 

Approximately one in two patients with COPD, including 
those receiving long-term maintenance treatment with an 
inhaled corticosteroid, experience at least one AECOPD 
each year, and it is estimated that a single AECOPD event 
can increase the risk of mortality by 71%.5

Repeated hospitalizations for AECOPD events places 
a large financial burden on healthcare resources, with some 
estimates suggesting that hospitalizations for AECOPD 
account for nearly 70% of COPD-related healthcare 
expenditure.6,7 Numerous risk factors for moderate and 
severe AECOPD events have been described in the literature. 
Prior history of AECOPD events is the most significant risk 
factor:8 for example, in a large-scale study of patients hospi
talized for an AECOPD, the risk of a subsequent exacerba
tion tripled with a second AECOPD event, and could be up to 
24-times higher after a tenth AECOPD event.9 Other estab
lished risk factors for an AECOPD include male sex; number 
of COPD maintenance medications; forced expiratory 
volume in 1 second (FEV1)/forced vital capacity; and degree 
of rescue medication use.10–17 It is also unclear how 
re-exacerbation risk varies over time, although some evi
dence suggests that this risk is dynamic and subject to 
fluctuation.18 The risk trajectory of a patient being 
re-hospitalized following a severe AECOPD has been 
described,18 and some observational studies have estimated 
the risk of moderate/severe/moderate-to-severe 
re-exacerbation within discrete time periods (for example, 
90 days after the initial exacerbation).19–23 However, differ
ing study designs and definitions of AECOPD events, as 
demonstrated in systematic literature reviews,24,25 may 
mean that comparison of such results is not wholly reliable. 
Exacerbation history has been identified as a potential pre
dictor of re-exacerbation,26 and a range of comorbidities 
(including heart disease,21,23 depression, and diabetes)22 

may also be involved. Patients may also be at risk of 
re-exacerbation if they are not prescribed an appropriate 
treatment following their first AECOPD.27 Understanding 
the factors behind re-exacerbation, in particular knowledge 
of those factors which relate to timing of 
re-exacerbation (ie, early vs late re-exacerbation), is impor
tant in optimizing patient care.

Factors that have a causal association with AECOPD 
duration (including comorbidities;28 laboratory or clinical 
parameters;29,30 social factors; and prior medication use)28 

have been investigated in some small-scale studies of hospi
talized patients with COPD. However, such factors overall 
remain poorly understood and, thus, a more in-depth knowl
edge of their association with long or prolonged AECOPD 
duration is needed to help physicians optimize patient care.

Our manuscript reports the results of a re-analysis of 
data from patients with COPD in the Evaluation of COPD 
Longitudinally to Identify Predictive Surrogate Endpoints 
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(ECLIPSE) study.31 The objectives of our analysis were 
2-fold. First, we aimed to develop and validate 
a predictive model capable of identifying factors potentially 
predictive of experiencing early, late, or no re-exacerbation 
within 180 days. Second, we aimed to identify patient- and 
exacerbation-related factors that are potentially associated 
with prolonged moderate/severe AECOPD duration, ulti
mately helping to explain why some patients experience 
longer exacerbations than others. The overall aim of our 
analysis was to provide data that will have implications for 
physicians in optimizing care of patients with COPD, based 
on individual patient needs.

Methods
Study Design, Data Source, and Study 
Population
We re-analyzed data collected from the ECLIPSE study 
(NCT00292552).31 ECLIPSE was a large-scale, interna
tional, multicenter, prospective cohort study of patients 
with COPD and both smoking and non-smoking controls. 
Recruitment into ECLIPSE began in December 2005, with 
the last patient completing the study in February 2010. 
Following a baseline visit, patients had a total of seven 
follow-up visits: one at 3 months, one at 6 months, and 
then every 6 months thereafter for 3 years. ECLIPSE 
included 2,164 patients with moderate/severe COPD 
(Global Initiative for Chronic Obstructive Lung Disease 
[GOLD]32 airflow limitation stages II, III, and IV) recruited 
from outpatient clinics at 46 participating study centers in 
12 countries.33 ECLIPSE captured a broad range of vari
ables at numerous time points during the 3-year study, 
which included, amongst others, general demographic vari
ables such as socioeconomic status; self-reported smoking 
history; vital signs; clinical comorbidities; patient health 
status and disease burden measured via spirometry, radio
graphy, and patient-reported outcome measures (PROMs) 
(eg, modified Medical Research Council [mMRC] dyspnea 
score; Body mass index, airflow Obstruction, Dyspnea and 
Exercise capacity index; and the Center for Epidemiologic 
Studies Depression score); respiratory medication use at 
baseline; and blood and sputum biomarkers (eg, eosino
phils, high-sensitivity C-reactive protein).

Eligibility criteria and patient baseline characteristics 
for the ECLIPSE study have been reported previously.33 

The following additional criteria were applied to select 
patients for inclusion in our analysis: GOLD stage II, III, 
or IV degree of airflow limitation at baseline visit (note 

that some patients recruited into ECLIPSE who had 
GOLD stage I degree of airflow limitation were excluded 
from our analysis); non-missing information on key vari
ables, including sex, severity of index exacerbation, and 
GOLD 2017 classification (defined using mMRC dyspnea 
score and AECOPD history at index date); and ≥1 moder
ate/severe AECOPD during the ECLIPSE study. AECOPD 
events were classed as “moderate” if they required treat
ment with an oral corticosteroid and/or antibiotics, and 
“severe” if they required hospitalization.

The index date for our analyses was the end date of the 
first moderate or severe AECOPD event that occurred during 
study follow-up in ECLIPSE. The end date, rather than the 
start date of the first AECOPD event, was chosen as the index 
date to avoid potential immortal time bias (ie, the period in 
which patients cannot experience a re-exacerbation event due 
to the fact that they are still exacerbating). Exacerbation 
duration was assessed in cohort A: this included all patients 
who had an AECOPD index date, without a requirement for 
follow-up data. Any patients for whom an index date could 
not be defined (ie, those without an end date for their first 
AECOPD event in ECLIPSE) were excluded from cohort 
A. Re-exacerbation risk was assessed in cohort B, a subset of 
cohort A that included only patients who had experienced an 
AECOPD and who had 180 days of follow-up data. Any 
patients with <180 days’ follow-up data after their index date 
were excluded from cohort B.

The ECLIPSE study was conducted in accordance with 
the Declaration of Helsinki and Good Clinical Practice 
guidelines and was approved by the relevant ethics and 
review boards at the participating study centers. All parti
cipants provided written informed consent. A list of study 
sites is provided in Supplementary Table 1.

Outcome Variables
ECLIPSE investigators collected detailed information on 
COPD exacerbations. This included start date, end (reso
lution) date, treatment (oral corticosteroid/antibiotics), 
severity (including hospitalization), and outcome (includ
ing death). Data was collected at scheduled visits (baseline 
and 3, 6, 12, 18, 24, 30, and 36 months), using an electro
nic case-report form and based on either patients’ recall of 
exacerbation events or available medical records for 
exacerbation events, and was supplemented by monthly 
phone calls to ECLIPSE participants.

A re-exacerbation was any new exacerbation event that 
occurred after the index date, regardless of the number of days 
between the recorded end date of one exacerbation and the 
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recorded start dates of any subsequent exacerbation. 
Re-exacerbations were defined a priori as either early (occur
ring within 1–90 days after the index date) or late (occurring 
between 91–180 days after the index date). The cut-off point 
for early and late re-exacerbations was chosen based on clinical 
judgment, and was informed by an analysis of daily 
re-hospitalization risk in the US.18 The 90-day cut-off point 
was also chosen based on clinical development support for an 
AECOPD therapy. Patients were classed as having no 
re-exacerbations if they did not re-exacerbate within the 
180-day period after the index date.

Exacerbation duration (in days) was calculated as the end 
date minus the start date for each exacerbation, plus one. 
Start and end dates were obtained directly from the electronic 
case-report form source database. For moderate AECOPD 
events, AECOPD duration represented patient recall of dates 
and length of time on prescribed therapy (from patient reports 
or medical records), whereas the duration of severe 
AECOPD events additionally included information on the 
duration of hospitalization. For those patients who died dur
ing their exacerbation, duration was estimated as the date of 
death minus the start date of the exacerbation, plus one. 
Prolonged exacerbations were defined as those exceeding 
the 75th percentile for exacerbations of the same severity 
(moderate/severe combined, moderate, and severe), which 
was consistent with definitions in previous studies of COPD 
exacerbation duration.28,30

Covariates
All covariates were collected during patient visits. When 
covariates were measured at multiple time points during 
ECLIPSE, the covariate recorded nearest to the index date 
was selected (this may or may not have been at baseline). 
These included demographic variables; comorbidities; 
indicators of patient health status and disease burden 
(PROMs and spirometry); respiratory medications; blood 
and sputum biomarkers; and exacerbation-related variables 
(treatment, severity, timing, and seasonality). A full list of 
covariates is provided in Table 1.

Data Analysis
Timing of Re-Exacerbation Risk
To understand the timing and dynamics of re-exacerbation 
risk, and to evaluate the choice of cut points for early and 
late re-exacerbations, Kaplan–Meier cumulative incidence 
curves of time to first re-exacerbation amongst all patients 
in cohort A were plotted. Kaplan–Meier curves were stra
tified by severity of index exacerbation. To further inform 

dynamics of re-exacerbation risk, monthly conditional risk 
of first re-exacerbation, stratified by severity of index 
exacerbation, was estimated in cohort B.

Characteristics of patients with early, late, or no 
re-exacerbations within 180 days were outlined using 
descriptive statistics (including, for example, mean, stan
dard deviation, and n [%]). Factors potentially predictive 
of early, late, or no re-exacerbation within 180 days were 
identified using a multivariate partial proportional-odds- 
predictive model.34 This differs from a proportional odds 
(multinomial/polytomous logistic regression) model in that 
odds ratios (ORs) are estimated for each comparison, and 
it does not assume that the OR for each comparison is the 
same. Re-exacerbation outcome categories were numbered 
as 1) early re-exacerbation; 2) late re-exacerbation; and 3) 
no re-exacerbation, thus allowing comparisons to be 
made between late or no re-exacerbation vs early 
re-exacerbation, and no re-exacerbation vs early or late 
re-exacerbation (ie, none vs “any” re-exacerbation). 
A single set of models was created which considered all 
moderate and severe index exacerbations together.

Candidate predictor variables were selected for inclu
sion in the multivariate model according to their clinical 
and biological plausibility, as assessed by a clinician. 
Additional variables were considered for inclusion in the 
final multivariate model when P-values were <0.1 in uni
variate analysis, and where level of missing data was 
considered minimal. The univariate models informed 
which variables should be used in the multivariate 
model, which considered all moderate/severe index 
exacerbations together. A full list of factors considered 
for inclusion in the analysis are listed in Table 1.

The final multivariate model was built using 10-fold 
cross-validation, and adjusted ORs and 95% confidence intervals 
(CIs) were determined for all covariates that were included. 
Stepwise regression was used to select the list of predictors to 
retain. Proportional odds determination was built into the step
wise regression,35 and different ORs were calculated for vari
ables where the proportional odds assumption was not met. We 
tested for interactions with key covariates. To achieve as parsi
monious a model as possible, we also considered the use of 
transformed and hybrid variables; however, none were deemed 
necessary. Performance of our predictive model was assessed 
using an agreement chart, and was supplemented by conducting 
a hypothesis test and calculating the kappa co-efficient. 
Agreement charts present an alternative to receiver-operating 
characteristic curves and provide a visual representation for 
comparing the concordance in paired categorical data.
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Prolonged AECOPD Events
Median and interquartile range (IQR) exacerbation duration 
was calculated for moderate and severe exacerbations for all 
patients in cohort A. Using the 75th percentile as a cut-off 
point, we reported the proportion of patients who experi
enced a prolonged AECOPD event (overall and stratified by 
exacerbation severity). Descriptive statistics were used to 
describe characteristics of patients identified as having pro
longed (based on >75th percentile) and non-prolonged 
exacerbation durations. Explanatory logistic regression 
modeling was used to identify patient- and exacerbation- 
related factors potentially associated with prolonged 

exacerbation duration, using a composite binary outcome 
of moderate/severe exacerbations in our analysis (vs con
tinuous outcome variable).

Variables were selected for inclusion in the analysis 
according to their clinical and biological plausibility, as 
assessed by a clinician. The final model included all selected 
variables (a priori) plus any additional variables with 
a P-value <0.1 in univariate analyses. A full list of factors 
considered for inclusion in the analysis is available in Table 1.

A complete case analysis, which assumed data were miss
ing at random, was used for the univariate and final multi
variate model. For all variables included in univariate models, 

Table 1 List of Covariates That Were Defined to Characterize Patients with COPD Who Experienced Re-Exacerbation Events in 
ECLIPSE (Cohort A), and to Characterize Patients with Prolonged Exacerbation Duration (Cohort B)

Covariate* Definitions

Demographics Age, years; sex; socioeconomic status (education); BMI, kg/m2; FFM and FFMI, kg/m2; 

smoking status; smoking pack-years

Comorbidities Hypertension; heart failure; myocardial infarction; stroke; diabetes; GERD; osteoporosis; 

asthma; pneumonia; sinus trouble (ie, rhinosinusitis)

Patient health status and degree of disease burden Disease duration, years; post-bronchodilator FEV1, L; post-bronchodilator FEV1% 

predicted; FEV1/FVC; 2017 GOLD classification (using AECOPD event history data and 
mMRC score†); mMRC score; CMH score; SGRQ score; CES-D score; FACIT-Fatigue 

score; 6MWD; BMI; BODE index score; bronchiectasis; emphysema

COPD and respiratory medications at index date Any medication; any SABD; any LABD; any ICS, LAMA, or LABA; any LABA+LAMA, 

LABA+ICS, or LABA+LAMA+ICS combination

Blood and sputum biomarkers Total white blood cells, cells/µL; blood eosinophils, cells/µL; blood neutrophils, cells/µL; 

sputum eosinophils; sputum neutrophils; hsCRP, mg/L; blood fibrinogen, mg/dL

Treatment of index exacerbation Steroids only; antibiotics only; steroids and antibiotics

Timing of index exacerbation <18 months from study start; ≥18 months from study start

Severity of index exacerbation Moderate; severe; moderate/severe

Historical AECOPD events in the one year prior to the 

baseline visit in the ECLIPSE study

≥1 moderate, ≥1 severe; ≥2 moderate or ≥1 severe

Seasonality of index exacerbation Typical northern hemisphere country (Winter [December–February]; Spring [April– 

May]; Summer [June–August]; Autumn [September–November]); non-typical northern 

hemisphere country‡

Notes: *Data for covariates that had been collected at multiple time points in ECLIPSE were selected based on proximity to, and prior to, when the information was 
available, according to whether the variable was captured throughout the study or at the beginning of the study. †GOLD 2017 classifications: A, ≤1 moderate AECOPD and 
mMRC score <2; B, ≤1 moderate AECOPD and mMRC score ≥2; C, ≥2 moderate or ≥1 severe AECOPD and mMRC score <2; D, ≥2 moderate or ≥1 severe AECOPD 
and mMRC score ≥2. ‡Non-northern hemisphere countries and some equatorial countries (eg, New Zealand) have different seasons and periods where risk of COPD 
exacerbation is greatest, and so classification of seasons in these countries was not possible. 
Abbreviations: 6MWD, six-minute walking distance; AECOPD, acute exacerbation of COPD; BMI, body mass index; BODE, Body mass index, airflow Obstruction, 
Dyspnea and Exercise; CES-D score, Center for Epidemiologic Studies Depression score; CMH, chronic mucus hypersecretion; COPD, chronic obstructive pulmonary 
disease; ECLIPSE, Evaluation of COPD Longitudinally to Identify Predictive Surrogate Endpoints; FACIT, Functional Assessment of Chronic Illness Therapy; FEV1, forced 
expiratory volume in 1 second; FFM, fat-free mass; FFMI, fat-free mass index; FVC, forced vital capacity; GERD, gastroesophageal reflux disease; GOLD, Global Initiative for 
Chronic Obstructive Lung Disease; hsCRP, high-sensitivity C-reactive protein; ICS, inhaled corticosteroid; L, liters; LABA, long-acting β2-agonist; LABD, long-acting 
bronchodilator; LAMA, long-acting muscarinic antagonist; mMRC, modified Medical Research Council; SABD, short-acting bronchodilator; SGRQ, St. George’s 
Respiratory Questionnaire.
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unadjusted ORs (95% CIs and P-values) were obtained, and 
adjusted ORs (95% CIs and P-values) were obtained for all 
variables included in multivariate models. To assess the 
impact of missing data on the final multivariate model, uni
variate ORs were calculated in both the full-case population 
(the population with full data on the variable in question) and 
the complete-case population (patients with complete data on 
all variables), as determined by the final model.

Results
Study Population
Of the 2,164 patients with COPD in ECLIPSE, 2,163 
were available for re-analysis: 1,554 met the eligibility 
criteria for inclusion in the final analytical cohort for 
assessing exacerbation duration (cohort A); and a total 
of 1,420 patients with 180 days’ follow-up data after their 
index exacerbation were included in the final analytical 
cohort for assessing re-exacerbation risk (cohort B) 
(Figure 1). The proportions of patients who had moderate 
and severe index exacerbations were similar in cohort 
A and in cohort B. In cohort A, 1,273 (81.9%) patients 
had a moderate index exacerbation and 281 (18.1%) 
patients had a severe index exacerbation. In cohort B, 
1,180 (83.1%) patients had a moderate index exacerba
tion and 240 (16.9%) patients had a severe index 
exacerbation.

Dynamics of Re-Exacerbation Risk
In cohort A, time to first moderate/severe re-exacerbation 
after the index exacerbation was similar between patients 
who experienced a moderate index exacerbation and those 
who experienced a severe index exacerbation. There was 
an approximate 70% probability of re-exacerbation in 
the year following the index exacerbation (Figure 2).

In cohort B, 704 (49.6%) patients experienced one or 
more re-exacerbation events within 180 days. The condi
tional, monthly risk of first moderate/severe re-exacerbation 
for these 704 patients was highest in months 1–3 (days 
1–90), and subsequently declined from month 4 onwards 
(days 91–180) (Figure 3). The risk of re-exacerbation in 
each month (months 1–6) was similar in patients with 
moderate and severe index exacerbations. For moderate 
exacerbations, based on 95% CI values, a clear difference 
in re-exacerbation risk between months 1–3 vs month 6 was 
observable (approximately 20% vs 10%, respectively).

Factors Predictive of Early, Late, or No 
Re-Exacerbation Within 180 Days of 
Index Date
In cohort B, 439 (30.9%) patients experienced an early 
re-exacerbation and 265 (18.7%) experienced a late 
re-exacerbation. The remaining 716 (50.4%) patients did not 
re-exacerbate within 180 days, and so were categorized as 

Figure 1 CONSORT diagram of patient disposition. 
Abbreviations: AECOPD, acute exacerbation of COPD; CONSORT, Consolidated Standards of Reporting Trials; COPD, chronic obstructive pulmonary disease; ECLIPSE, 
Evaluation of COPD Longitudinally to Identify Predictive Surrogate Endpoints; GOLD, Global Initiative for Chronic Obstructive Lung Disease.
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having no re-exacerbation (Figure 4). The Kaplan–Meier ana
lysis suggested that overall re-exacerbation risk was indepen
dent of index exacerbation severity; it would also appear that 
timing of re-exacerbation risk is independent of index exacer
bation severity, as evidenced by the proportions of patients 
with early and late re-exacerbations following moderate and 

severe index exacerbations. Characteristics of patients who 
experienced early, late, and no re-exacerbations within 180 
days are detailed in Table 2 and Supplementary Table 2. The 
following variables were considered to be potentially predic
tive based on clinical knowledge and biological plausibility, 
and were retained by stepwise selection in the final model for 
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Figure 2 Kaplan–Meier cumulative incidence curves for time to first moderate/severe re-exacerbation within 365 days, stratified by severity of index exacerbation (cohort 
A). N=1,554 (moderate AECOPD n=1,273; severe AECOPD n=281). 
Abbreviations: AECOPD, acute exacerbation of COPD; COPD, chronic obstructive pulmonary disease.

Figure 3 Conditional, monthly risk of first moderate/severe re-exacerbation within 180 days amongst patients experiencing ≥1 re-exacerbations, stratified by severity of 
index exacerbation (cohort B). N=704 (moderate re-exacerbation n=590; severe re-exacerbation n=114). Conditional analysis of patients who experienced a moderate or 
severe re-exacerbation within 180 days. The index date is the end of the index exacerbation. 
Abbreviations: AECOPD, acute exacerbation of COPD; COPD, chronic obstructive pulmonary disease.
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predicting the timing of re-exacerbation: post-bronchodilator 
FEV1, in liters (L); number of moderate or severe exacerba
tions on or prior to index date; St. George’s Respiratory 
Questionnaire (SGRQ) total score; and season of index exacer
bation (autumn, spring, or summer vs winter). The final partial- 
proportional-odds-predictive model included data from a total 
of 1,351 patients (Figure 5). Post-bronchodilator FEV1, 
L (OR=0.681 per L increase [95% CI=0.535–0.868]; 
P=0.0019); number of moderate or severe exacerbations on 
or prior to index date (OR=1.874 [95% CI=1.662–2.112]; 
P<0.0001); and SGRQ total score (OR=1.050 per 5-unit 
increase in total score [95% CI=1.016–1.085]; P=0.0035) 
were identified as predictors of whether a patient would experi
ence an early exacerbation, compared to either a late or no 
exacerbation. These factors were also predictive of whether 
a patient would experience any re-exacerbation (early or late) 
vs no re-exacerbation.

Seasonality of index exacerbation was also predictive of 
early, late, or no exacerbation; however, adjusted ORs are 
provided for both comparisons owing to non-proportionality 
(early vs late or no exacerbation [OR=1.447; 95% 
CI=1.070–1.955; P=0.0164]; early or late vs no exacerbation 
[OR=1.456; 95% CI=1.098–1.930; P=0.0091]). These ana
lyses suggest that with an autumn vs winter index exacerba
tion, the odds of an early re-exacerbation (vs late or no 
re-exacerbation) are increased by 45%, and the odds of any 

re-exacerbation are increased by 46%. Validation suggests the 
predictive model is internally valid, albeit with low agreement 
between observed and predicted events.

Partial-Proportional-Odds Model 
Validation
Our model predicted a larger number of patients with no re- 
exacerbation than patients with an early re-exacerbation and 
did not predict any patients with a late exacerbation, indicating 
potentially poor agreement between observed and predicted 
outcomes (Supplementary Figure 1). This was possibly due to 
the choice of an arbitrary 90-day threshold that subsequently 
hindered discrimination between the three re-exacerbation 
categories (early, late, and no re-exacerbation). Nevertheless, 
our model could be considered internally valid for the pur
poses of our study: hypothesis testing confirmed that we could 
reject the null hypothesis of no agreement (P<0.001), and the 
weighted kappa co-efficient of 0.283 (95% CI=0.238–0.239) 
indicated low agreement between observed and predicted 
outcomes.

Prolonged AECOPD Exacerbations and 
Exacerbation Duration
Overall, the median duration of moderate/severe exacerba
tions was 12 days (IQR=8–22). This was similar for the 

Figure 4 Patients who experienced early, late, or no moderate/severe re-exacerbation within 180 days of index date. An early re-exacerbation occurred within 1–90 days 
from end of index exacerbation; a late re-exacerbation occurred between 91–180 days from end of index exacerbation; no re-exacerbation meant that a patient did not re- 
exacerbate within 1–180 days from end of index exacerbation. N=1,420 (moderate/severe index exacerbation). N=1,180 (moderate index exacerbation). N=240 (severe 
index exacerbation).
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Table 2 Characteristics of Patients Experiencing Early or Late Moderate/Severe Re-Exacerbation, or No Re-Exacerbation, Following 
a Moderate/Severe Index Exacerbation (Cohort B)

Variable* Early Moderate/ 
Severe  
Re-Exacerbation 
(N=439)

Late Moderate/ 
Severe  
Re-Exacerbation 
(N=265)

No 
Re-Exacerbation  
(N=716)

All Patients 
in Cohort 
B (N=1,420)

Patients 
with 
Evaluable 
Data, N

Mean (SD) age, years 63.9 (6.6) 64.3 (7.0) 64.3 (7.0) 64.2 (6.9) 1,420

Female, n (%)† 174 (39.6) 110 (41.5) 254 (35.5) 538 (37.9) 1,420

Education, n (%)†

No, some or complete   

primary school

90 (20.9) 50 (19.2) 135 (19.4) 275 (19.8) 1,387

Some or complete high school 193 (44.9) 127 (48.8) 313 (44.9) 633 (45.6)
Technical post-secondary/  

further education

116 (27.0) 59 (22.7) 170 (24.4) 345 (24.9)

University graduate/post graduate 31 (7.2) 24 (9.2) 79 (11.3) 134 (9.7)

BMI category, n (%)
Underweight: <18.5 31 (7.2) 15 (5.7) 45 (6.4) 91 (6.5) 1,396
Normal: 18.5–24.9 176 (40.7) 94 (36.0) 253 (36.0) 523 (37.5)

Overweight: 25–29.9 145 (33.6) 95 (36.4) 246 (35.0) 486 (34.8)
Obese: ≥30 80 (18.5) 57 (21.8) 159 (22.6) 296 (21.2)

Mean (SD) FFMI, kg/m2 17.23 (3.5) 17.36 (3.2) 17.63 (3.5) 17.46 (3.5) 1,396

Smoking status, n (%)
Current smoker 144 (32.8) 99 (37.4) 245 (34.2) 488 (34.4) 1,420
Former smoker 295 (67.2) 166 (62.6) 471 (65.8) 932 (65.6)

Comorbidities, n (%)†

Hypertension 157 (37.8) 101 (39.6) 283 (40.7) 541 (45.0) 1,365

Heart failure 28 (6.7) 24 (9.4) 40 (5.8) 92 (6.7) 1,364

Heart attack 46 (10.7) 20 (7.9) 57 (8.1) 123 (8.9) 1,383
Stroke 19 (4.4) 10 (3.8) 25 (3.6) 54 (3.9) 1,394

Diabetes 38 (8.9) 22 (8.4) 67 (9.6) 127 (9.1) 1,391
Reflux/heartburn 139 (33.5) 72 (28.2) 195 (28) 406 (29.7) 1,367

Osteoporosis 75 (18.3) 45 (18.2) 18 (13.0) 207 (15.6) 1,325

Asthma, confirmed by doctor 99 (25.6) 62 (26.2) 107 (16.8) 268 (21.3) 1,261
Asthma, current 123 (31.1) 75 (31.0) 146 (22.2) 344 (26.6) 1,294

Pneumonia, confirmed by doctor 267 (65.0) 162 (64.0) 406 (60.6) 835 (62.6) 1,334

Sinus trouble, confirmed by doctor 121 (29.3) 70 (28.0) 186 (27.5) 377 (28.2) 1,339

COPD duration, years, n (%)
<5 117 (26.9) 64 (24.4) 201 (28.3) 382 (27.1) 1,407
5 to <8 109 (25.1) 57 (21.8) 183 (25.8) 349 (24.8)

8 to <13 99 (22.8) 81 (30.9) 170 (23.9) 350 (24.9)

≥13 110 (25.3) 60 (22.9) 156 (22.0) 326 (23.2)

GOLD Stage, n (%)
II 133 (30.3) 99 (37.4) 318 (44.4) 550 (38.7) 1,420
III 209 (47.6) 120 (45.3) 312 (43.6) 641 (45.1)

IV 97 (22.1) 46 (17.4) 86 (12) 229 (16.1)

Mean (SD) post-bronchodilator  
FEV1/FVC, L

0.4 (0.1) 0.4 (0.1) 0.4 (0.1) 0.4 (0.1) 1,420

(Continued)
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Table 2 (Continued). 

Variable* Early Moderate/ 
Severe  
Re-Exacerbation 
(N=439)

Late Moderate/ 
Severe  
Re-Exacerbation 
(N=265)

No 
Re-Exacerbation  
(N=716)

All Patients 
in Cohort 
B (N=1,420)

Patients 
with 
Evaluable 
Data, N

GOLD 2017 classification, n (%)
A 65 (14.8) 63 (23.8) 247 (34.5) 375 (26.4) 1,420
B 93 (21.2) 62 (23.4) 199 (27.8) 354 (24.9)
C 84 (19.1) 47 (17.7) 98 (13.7) 229 (16.1)

D 197 (44.9) 93 (35.1) 172 (24.0) 462 (32.5)

mMRC score category, n (%)
None/mild 149 (33.9) 110 (41.5) 345 (48.2) 604 (42.5) 1,420
Moderate/severe 290 (66.1) 155 (58.5) 371 (51.8) 816 (57.5)

CMH by SGRQ definition, n (%)
Yes 261 (60) 145 (55.6) 376 (53.2) 782 (55.7) 1,403
No 174 (40) 116 (44.4) 331 (46.8) 621 (44.3)

Mean (SD) SGRQ total score 53.9 (16.6) 51.5 (17.3) 46.4 (17.9) 49.6 (17.7) 1,382

CES-D score, n (%)
<16 290 (66.4) 185 (70.6) 538 (75.7) 1,013 (71.8) 1,410
≥16 147 (33.6) 77 (29.4) 173 (24.3) 397 (28.2)

Mean (SD) FACIT score 21.2 (8.2) 21.9 (7.9) 23.5 (8.1) 22.5 (8.2) 1,403

Distanced walked, n (%)
<350m 204 (47.9) 104 (40.3) 277 (39.5) 585 (42.2) 1,386
≥350m 222 (52.1) 154 (59.7) 425 (60.5) 801 (57.8)

BODE index, terciles, n (%)
0 to ≤2 119 (28.0) 88 (34.1) 316 (45.0) 523 (37.3) 1,385
>2 to ≤4 142 (33.4) 94 (36.4) 232 (33.0) 468 (33.4)
>4 164 (38.6) 76 (29.5) 154 (21.9) 394 (28.1)

Radiological subtypes, n (%)
Bronchiectasis 25 (6.0) 7 (2.8) 23 (3.5) 55 (4.2) 1,318

Emphysema 402 (96.2) 244 (96.8) 617 (95.2) 1,263 (95.8) 1,318

Blood eosinophils group, n (%)
0 to <0.15 GI/L 159 (36.5) 93 (35.5) 233 (32.7) 485 (34.4) 1,411
0.15 to <0.30 GI/L 154 (35.3) 109 (41.6) 334 (46.8) 597 (42.3)
≥0.30 GI/L 123 (28.2) 60 (22.9) 146 (20.5) 329 (23.3)

Blood neutrophils group, n (%)
0 to <6 GI/L 309 (70.9) 190 (72.5) 541 (75.9) 1,040 (73.7) 1,411
6 to <9 GI/L 107 (24.5) 64 (24.4) 152 (21.3) 323 (22.9)
≥9 GI/L 20 (4.6) 8 (3.1) 20 (2.8) 48 (3.4)

Gmean (GSD) serum 
hsCRP, mg/L

4.8 (3.8) 8.8 (4.8) 6 (3.5) 5.9 (3.9) 149

Gmean (GSD) blood 
fibrinogen, mg/dL

459 (1.2) 445.8 (1.3) 440.7 (1.3) 446.3 (1.3) 1,019

Any COPD maintenance 
medication,‡ n (%)

274 (96.8) 172 (96.6) 485 (98.8) 931 (97.8) 934

(Continued)
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median duration of moderate (12 days, IQR=8–21) and 
severe (14 days, IQR=9–24) index exacerbations. The char
acteristics of patients with prolonged and non-prolonged 
AECOPD durations are described in Table 3. Of the 1,554 
patients in cohort A, 353 (22.7%) experienced a prolonged 
AECOPD (77.1% moderate and 22.9% severe), and 1,201 
(77.3%) experienced a non-prolonged AECOPD (83.3% 
moderate and 16.7% severe). Overall, no patients died 
while experiencing a moderate AECOPD, while 2.5% of 
patients (n=38) died while experiencing a severe AECOPD.

In univariate analyses, female sex, high fat-free mass 
index, high mMRC dyspnea score, severe (vs moderate) 
exacerbation, and winter season had a statistically signifi
cant association (all P<0.05) with prolonged AECOPD 

duration (Table 4). In multivariate analysis, severity of 
exacerbation had a statistically significant association 
(P<0.05) with prolonged AECOPD duration. The odds of 
experiencing a prolonged AECOPD almost doubled for 
severe vs moderate AECOPD events (adjusted OR=1.917 
[95% CI=1.269–2.896]; P=0.002), and the odds of patients 
experiencing a prolonged AECOPD event were 42% lower 
with a spring AECOPD event vs a winter AECOPD event 
(adjusted OR=0.578 [95% CI=0.368–0.906]; P=0.017). 
There was no evidence of an independent association 
with AECOPD duration and sex, fat-free mass index, and 
mMRC in the multivariate model.

Although four variables in our analysis – osteoporosis, 
asthma, pneumonia, and bronchiectasis – had 9.0% 

Table 2 (Continued). 

Variable* Early Moderate/ 
Severe  
Re-Exacerbation 
(N=439)

Late Moderate/ 
Severe  
Re-Exacerbation 
(N=265)

No 
Re-Exacerbation  
(N=716)

All Patients 
in Cohort 
B (N=1,420)

Patients 
with 
Evaluable 
Data, N

Treatment of index 
exacerbation, n (%)

Steroids and antibiotics 200 (45.6) 115 (43.4) 270 (37.7) 585 (41.2) 1,420
Steroids only 56 (12.8) 32 (12.1) 91 (12.7) 179 (12.6)

Antibiotics only 183 (41.7) 118 (44.5) 352 (49.2) 653 (46)
No steroids/antibiotics 0 (0.0) 0 (0.0) 3 (0.4) 3 (0.2)

Timing of index exacerbation, 
n (%)

<18 months from ECLIPSE start 415 (94.5) 237 (89.4) 602 (84.1) 1,254 (88.3) 1,420
≥18 months from ECLIPSE start 24 (5.5) 28 (10.6) 114 (15.9) 166 (11.7)

≥2 moderate or ≥1 severe 
AECOPD event on or before 
index date, n (%)

281 (64) 140 (52.8) 270 (37.7) 691 (48.7) 1,420

Seasonality§ of index 
exacerbation, n (%)

Winter 137 (32.3) 79 (30.7) 261 (36.9) 477 (34.3) 1,389
Spring 52 (12.3) 47 (18.3) 152 (21.5) 251 (18.1)

Summer 68 (16.0) 55 (21.4) 107 (15.1) 230 (16.6)

Autumn 167 (39.4) 76 (29.6) 188 (26.6) 431 (31.0)

Notes: N number for cohort B corresponds to the overall number of patients with ≥180 days' follow-up data who had evaluable data for key criteria (GOLD II, III, or IV at 
baseline, sex, severity of index exacerbation, GOLD ABCD 2017 classification, and ≥1 moderate/severe AECOPD event) and who were thus eligible for enrollment in 
cohort B. Not all patients included in cohort B had evaluable data for every variable. *All variables, unless otherwise stated, were measured at the nearest visit or data 
collection prior to the index date. †Variable measured at ECLIPSE baseline. ‡Any use of LABA and/or LAMA as monotherapy or in combination with an ICS. §Southern 
hemisphere countries (New Zealand) are excluded. 
Abbreviations: AECOPD, acute exacerbation of COPD; BMI, body mass index; BODE, Body mass index, airflow Obstruction, Dyspnea, and Exercise; CES-D score, 
Center for Epidemiologic Studies Depression score; CMH, chronic mucus hypersecretion; COPD, chronic obstructive pulmonary disease; ECLIPSE, Evaluation of COPD 
Longitudinally to Identify Predictive Surrogate Endpoints; FACIT, Functional Assessment of Chronic Illness Therapy; FEV1, forced expiratory volume in 1 second; FFMI, fat- 
free mass index; FVC, forced vital capacity; GI, gill; Gmean, geometric mean; GOLD, Global Initiative for Chronic Obstructive Lung Disease; GSD, geometric standard 
deviation; hsCRP, high-sensitivity C-reactive protein; ICS, inhaled corticosteroid; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist; mMRC, modified 
Medical Research Council; SD, standard deviation; SGRQ, St. George’s Respiratory Questionnaire.
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missing data, all other variables had <5% missing data. 
The final model included only 804 patients with complete 
data on all variables. To assess the impact of missing data 
in our analyses, we replicated the univariate analyses using 
the final multivariate analysis population of 804 patients. 
There were no clear differences in either the magnitude or 
direction of the OR for the univariate analyses conducted 
on the wider and reduced populations (Table 4).

Discussion
An improved understanding of the factors that predict 
re-exacerbation timing and prolonged AECOPD events has 
the potential to improve COPD management. Our re-analysis 
of data from the ECLIPSE study identified factors predictive of 
early and late re-exacerbations, and also identified independent 
risk factors for prolonged AECOPD events, with subsequent 
implications for optimizing patient care.

Our study demonstrated that the risks of re-exacerbation 
are dynamic and that the timing of re-exacerbation may be 

affected by multiple factors, including lung function, exacer
bation history, respiratory-related quality-of-life (disease bur
den, as measured with the SGRQ score), and season of index 
exacerbation. Whilst half of the patients with COPD in our 
study did not re-exacerbate within 180 days from the end of 
their index exacerbation, the proportion of patients with an 
early re-exacerbation within the first 90 days was almost 
double (30.9%) the proportion of patients with a late 
re-exacerbation between 91 and 180 days (18.7%). Although 
validation suggested that the model may not be ideal for pre
dicting early vs late vs no re-exacerbation, the final model 
indicated that lower FEV1 and higher SGRQ total score were 
predictive of experiencing an early re-exacerbation. Similarly, 
index exacerbations occurring in autumn were also predictive 
of early re-exacerbations, vs index exacerbations occurring in 
winter. AECOPD severity was a predictor of whether a patient 
was likely to re-exacerbate early, but was not seen as 
a predictor of overall re-exacerbation risk based on Kaplan– 
Meier curves. These observations are consistent with other 

Figure 5 Multivariable analysis showing factors potentially predictive of early, late, or no moderate/severe re-exacerbation within 180 days of end of index moderate/severe 
exacerbation. (A) Proportional-odds-predictive model; (B) Non-proportional odds model. 
Notes: AECOPD, acute exacerbation of COPD; COPD, chronic obstructive pulmonary disease; CI, confidence interval; FEV1, forced expiratory volume in 1 second; SGRQ, 
St. George’s Respiratory Questionnaire; OR, odds ratio.
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Table 3 Characteristics of Patients with Prolonged and Non-Prolonged Moderate/Severe AECOPD Events (Cohort A)

Variable* Patients with Prolonged Moderate/ 
Severe AECOPD Duration (>75th 
Percentile) (N=353)

Patients Without Prolonged Moderate/ 
Severe AECOPD Duration (≤75th 
Percentile) (N=1,201)

All Patients 
in Cohort 
A (N=1,554)

Patients 
with 
Evaluable 
Data, N

Mean (SD) age, years 64.5 (7.0) 64.2 (6.9) 64.3 (6.9) 1,554

Female, n (%)† 157 (44.5) 428 (35.6) 585 (37.6) 1,554

Education, n (%)†

No, some or complete   

primary school

63 (18.5) 249 (21.2) 312 (20.6) 1,517

Some or complete high school 154 (44.5) 536 (45.6) 690 (45.5)

Technical post-secondary/  

further education

96 (28.2) 274 (23.3) 370 (24.4)

University graduate/  

post graduate

28 (8.1) 117 (9.9) 145 (9.6)

BMI category, n (%)

Underweight: <18.5 23 (6.6) 78 (6.6) 101 (6.6) 1,530

Normal: 18.5–24.9 125 (35.9) 435 (36.8) 560 (36.6)

Overweight: 25–29.9 137 (39.4) 401 (33.9) 538 (35.2)

Obese: ≥30 63 (18.1) 268 (22.7) 331 (21.6)

Mean (SD) FFMI, kg/m2 17.1 (3.3) 17.6 (3.5) 17.5 (3.5)

Smoking status, n (%)

Current smoker 132 (37.4) 405 (33.7) 537 (34.6) 1,554

Former smoker 221 (62.6) 796 (66.30) 1,017 (65.4)

Comorbidities, n (%)†

Hypertension 145 (42.4) 455 (39.5) 600 (40.2) 1,494

Heart failure 15 (4.4) 86 (7.5) 101 (6.8) 1,492

Heart attack 27 (7.8) 114 (9.8) 141 (9.3) 1,512

Stroke 15 (4.4) 42 (3.6) 57 (3.7) 1,523

Diabetes 32 (9.1) 111 (9.5) 143 (9.4) 1,523

Reflux/heartburn 118 (34.2) 317 (27.5) 435 (29.1) 1,497

Osteoporosis 54 (16.5) 169 (15.1) 223 (15.4) 1,448

Asthma, confirmed by doctor 76 (24.4) 215 (20.1) 291 (21.1) 1,380

Asthma, current 94 (29.4) 280 (25.5) 374 (26.4) 1,416

Pneumonia, confirmed   

by doctor

222 (65.3) 679 (60.7) 901 (61.8) 1,458

Sinus trouble, confirmed   

by doctor

108 (32.0) 310 (27.6) 418 (28.6) 1,462

COPD duration, years, n (%)

<5 81 (23.1) 328 (27.6) 409 (26.6) 1,540

5 to <8 96 (27.4) 284 (23.9) 380 (24.7)

8 to <13 93 (26.6) 303 (25.5) 396 (25.7)

≥13 80 (22.9) 275 (23.1) 355 (23.1)

GOLD Stage, n (%)

II 146 (41.4) 473 (39.4) 619 (39.8) 1,554

III 146 (41.4) 545 (45.4) 691 (44.5)

IV 61 (17.3) 183 (15.2) 244 (15.7)

Mean (SD) post-bronchodilator 
FEV1/FVC, L

0.4 (0.1) 0.4 (0.1) 0.4 (0.1) 1,554

(Continued)
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Table 3 (Continued). 

Variable* Patients with Prolonged Moderate/ 
Severe AECOPD Duration (>75th 
Percentile) (N=353)

Patients Without Prolonged Moderate/ 
Severe AECOPD Duration (≤75th 
Percentile) (N=1,201)

All Patients 
in Cohort 
A (N=1,554)

Patients 
with 
Evaluable 
Data, N

GOLD 2017 classification, 
n (%)

A 107 (30.3) 317 (26.4) 424 (27.3) 1,554

B 75 (21.2) 312 (26.0) 387 (24.9)

C 52 (14.7) 192 (16) 244 (15.7)

D 119 (33.7) 380 (31.6) 499 (32.1)

mMRC score category, n (%)

None/mild 159 (45.0) 509 (42.4) 668 (43.0) 1,554

Moderate/severe 194 (55.0) 692 (57.6) 886 (57.0)

CMH by SGRQ definition, 
n (%)

Yes 182 (51.9) 670 (56.5) 852 (55.5) 1,536

No 169 (48.1) 515 (43.5) 684 (44.5)

Mean (SD) SGRQ total score 9.5 (3.5) 9.9 (3.6) 9.8 (3.6) 1,512

CES-D score, n (%)

<16 249 (71.1) 866 (72.7) 1,115 (72.3) 1,532

≥16 101 (28.9) 326 (27.3) 427 (27.7)

Mean (SD) FACIT score 22.7 (8.2) 22.5 (8.1) 22.6 (8.1) 1,534

Distanced walked, n (%)

<350m 141 (41.0) 502 (42.7) 643 (42.3) 1,520

≥350m 203 (59.0) 674 (57.3) 877 (57.7)

BODE index, terciles, n (%)

0 to ≤2 147 (42.7) 443 (37.7) 590 (38.8) 1,519

>2 to ≤4 100 (29.1) 405 (34.5) 505 (33.2)

>4 97 (28.2) 327 (27.8) 424 (27.9)

Radiological subtypes, n (%)

Bronchiectasis 11 (3.2) 48 (4.3) 59 (4.1) 1,445

Emphysema 330 (96.8) 1,049 (95.0) 1,379 (95.4) 1,445

Blood eosinophils group, n (%)

0 to <150 cells/µL 119 (33.9) 426 (35.7) 545 (35.3) 1,545

150 to <300 cells/µL 151 (43) 499 (41.8) 650 (42.1)

≥300 cells/µL 81 (23.1) 269 (22.5) 350 (22.7)

Blood neutrophils group, n (%)

0 to <6,000 cells/µL 266 (75.8) 870 (72.9) 1,136 (73.5) 1,545

6,000 to <9,000 cells/µL 73 (20.8) 279 (23.4) 352 (22.8)

≥9,000 cells/µL 12 (3.4) 45 (3.8) 57 (3.7)

Gmean (GSD) serum 
hsCRP, mg/L

3.4 (3.1) 3.5 (3.2) 3.5 (3.2) 1,529

Gmean (GSD) blood 
fibrinogen, mg/dL

448.4 (1.2) 446.1 (1.3) 446.6 (1.3) 1,153

Any COPD maintenance 
medication, n (%)‡

230 (97.9) 791 (97.8) 1,021 (97.8) 1,044

(Continued)
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studies that reported impaired lung function, exacerbation 
frequency during the prior year (in addition to age, pleural 
effusion, accessory respiratory muscle use, medication, and 
hospitalization length),20 or prolonged exacerbation symptoms 
and poorer health status36 as being associated with re- 
exacerbation events in general. Evidence is lacking on factors 
that can predict timing of re-exacerbation. Seasonality is 
known to affect COPD exacerbations, most frequently occur
ring in the winter months,37–39 which is likely to reflect an 
increased prevalence of respiratory infections, reduced immu
nity, altered environmental conditions, and physiological 
responses during these months.40,41 Although the factors pre
dictive of re-exacerbation timing require further investigation, 
our results support the existing body of literature on overall 
re-exacerbation risk which has subsequent implications for 
optimizing patient care. Although our study defined an early 
re-exacerbation/hospital re-admission as that occurring within 
1–90 days after the end of the first AECOPD event, under
standing which patients are more likely to experience an early 

re-exacerbation may have implications for helping hospitals in 
the US reduce their 30-day re-admission rates for patients with 
COPD, thereby minimizing the risk of financial penalties under 
the Hospital Readmission Reduction Program.42

Factors that have a causal association with pro
longed AECOPD duration and, therefore, extended 
hospital stays for the most severe AECOPD patients 
are not well understood. Although some small-scale 
studies have aimed to explore such factors in hospita
lized patients with severe AECOPDs, their usefulness 
remains limited due to different designs and the limited 
number of risk factors examined. Factors described in 
the literature as having an independent association with 
long or prolonged hospitalizations include 
comorbidities28 (such as heart failure, diabetes, and 
stroke); laboratory or clinical parameters (including 
high partial pressure of carbon dioxide in arterial 
blood,29,30 low serum albumin level,30 and mMRC 
dyspnea score);29 social factors (such as living alone); 

Table 3 (Continued). 

Variable* Patients with Prolonged Moderate/ 
Severe AECOPD Duration (>75th 
Percentile) (N=353)

Patients Without Prolonged Moderate/ 
Severe AECOPD Duration (≤75th 
Percentile) (N=1,201)

All Patients 
in Cohort 
A (N=1,554)

Patients 
with 
Evaluable 
Data, N

Treatment of index 
exacerbation, n (%)

Steroids and antibiotics 197 (56) 445 (37.1) 642 (41.4) 1,550

Steroids only 45 (12.8) 150 (12.5) 195 (12.6)

Antibiotics only 110 (31.3) 603 (50.3) 713 (46.0)

Timing of index exacerbation, 
n (%)

<18 months from ECLIPSE start 295 (83.6) 1,009 (84.0) 1,304 (83.9) 1,554

≥18 months from ECLIPSE start 58 (16.4) 192 (16.0) 250 (16.1)

≥2 moderate or ≥1 severe 
AECOPD event on or before 
index date, n (%)

171 (48.4) 572 (47.6) 743 (47.8) 1,554

Seasonality§ of index 
exacerbation, n (%)

Winter 142 (42.1) 389 (32.9) 531 (34.9) 1,521

Spring 55 (16.3) 228 (19.3) 283 (18.6)

Summer 49 (14.5) 202 (17.1) 251 (16.5)

Autumn 91 (27.0) 365 (30.8) 456 (30.0)

Notes: N number for cohort A corresponds to the overall number of patients who had evaluable data for key criteria (GOLD II, III, or IV at baseline; sex; severity of index exacerbation; 
GOLD ABCD 2017 classification; and ≥1 moderate/severe AECOPD event) and who were thus eligible for enrollment in cohort A. Not all patients included in cohort A had evaluable 
data for every variable. *All variables, unless otherwise stated, were measured at the nearest visit or data collection prior to the index date. †Variable measured at ECLIPSE baseline. ‡Any 
use of LABA and/or LAMA as monotherapy or in combination with an ICS. §Southern hemisphere countries (New Zealand) are excluded. 
Abbreviations: AECOPD, acute exacerbation of COPD; BMI, body mass index; BODE, Body mass index, airflow Obstruction, Dyspnea, and Exercise; CES-D score, 
Center for Epidemiologic Studies Depression score; CMH, chronic mucus hypersecretion; COPD, chronic obstructive pulmonary disease; FACIT, Functional Assessment of 
Chronic Illness Therapy; FEV1, forced expiratory volume in 1 second; FFMI, fat-free mass index; FVC, forced vital capacity; Gmean, geometric mean; GOLD, Global Initiative 
for Chronic Obstructive Lung Disease; GSD, geometric standard deviation; hsCRP, high-sensitivity C-reactive protein; ICS, inhaled corticosteroid; LABA, long-acting β2- 
agonist; LAMA, long-acting muscarinic antagonist; mMRC, modified Medical Research Council; SD, standard deviation; SGRQ, St. George’s Respiratory Questionnaire.
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Table 4 Univariable and Multivariable Analyses of Factors Potentially Associated with Prolonged Moderate/Severe AECOPD Duration

Full-Case Population 
Analysis (N in 
Population=1,554)

Complete Case Analysis* (N Used=804)

Univariate Analysis Univariate Analysis Multivariate Analysis

Unadjusted OR 
(95% CI)

P-value Unadjusted OR 
(95% CI)

P-value Adjusted OR 
(95% CI)

P-value

Age†‡ (N=1,554) 0.995 (0.978–1.012) 0.536 0.992 (0.970–1.015) 0.502 1.006 (0.980–1.032) 0.666

Sex†‡ (N=1,554)
Female vs male 1.447 (1.137–1.841) 0.003 1.377 (0.998–1.899) 0.051 1.210 (0.773–1.893) 0.404

BMI category† (N=1,530)
Obese vs normal 0.818 (0.583–1.148) 0.246 0.945 (0.613–1.458) 0.799 1.327 (0.728–2.419) 0.356

Overweight vs normal 1.189 (0.901–1.570) 0.222 1.124 (0.777–1.627) 0.535 1.375 (0.890–2.124) 0.152

Underweight vs normal 1.026 (0.619–1.702) 0.920 0.853 (0.415–1.754) 0.665 0.581 (0.265–1.271) 0.174

FFMI,‡ kg/m2 (N=1,530) 1.049 (1.014–1.086) 0.006 1.041 (0.996–1.088) 0.076 0.932 (0.858–1.012) 0.093

Smoking status†‡ (N=1,554)
Former smoker vs current smoker 0.852 (0.666–1.090) 0.202 0.833 (0.597–1.161) 0.280 0.796 (0.555–1.141) 0.214

Hypertension† (N=1,494)
Yes vs no 1.128 (0.883–1.440) 0.337 1.224 (0.889–1.684) 0.216 1.173 (0.835–1.649) 0.357

Major CV event†‡ (N=1,490)
Yes vs no 0.788 (0.560–1.108) 0.171 - - - -

Diabetes† (N=1,523)
Yes vs no 0.963 (0.637–1.455) 0.858 - - - -

Current asthma at ECLIPSE 
baseline†‡ (N=1,416)

Yes vs no 1.212 (0.920–1.598) 0.172 1.091 (0.766–1.554) 0.630 1.035 (0.710–1.509) 0.859

Pneumonia confirmed by doctor† 

(N=1,458)
Yes vs no 1.216 (0.944–1.567) 0.130 1.361 (0.979–1.893) 0.067 1.301 (0.921–1.838) 0.136

COPD duration, years† (N=1,540) 0.993 (0.976–1.009) 0.385 - - - -

Post-bronchodilator FEV1,
† L 

(N=1,554)
1.120 (0.877–1.431) 0.364 1.073 (0.789–1.459) 0.654 1.117 (0.753–1.657) 0.583

mMRC dyspnea score† (N=1,554) 1.121 (1.001–1.255) 0.047 - - - -

Number of moderate/severe 
exacerbations 12 months before 
index† (N=1,554)

0.988 (0.882–1.108) 0.842 1.076 (0.862–1.344) 0.517 0.943 (0.743–1.196) 0.626

SGRQ total score† (N=1,512) 1.033 (0.999–1.069) 0.056 1.008 (0.965–1.053) 0.730 0.989 (0.939–1.041) 0.664

6MWD,† m (N=1,520) 0.989 (0.960–1.019) 0.463 - - - -

Bronchiectasis† (N=1,445)
Yes vs no 0.733 (0.377–1.429) 0.362 0.367 (0.109–1.235) 0.106 0.428 (0.124–1.477) 0.180

(Continued)
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and medication use prior to hospitalization (ie, the use 
of more than three drugs, or of drugs with respiratory- 
depressant properties).28 A greater understanding of 
specific factors associated with prolonged moderate or 
severe AECOPDs (rather than just the length of 
a hospital stay, which only describes part of the dura
tion of an AECOPD event and which may exclude less 
severe AECOPDs) could help physicians identify 
patients who would benefit from targeted risk- 
minimization measures, or from future therapies 
aimed at reducing exacerbation duration. To our 
knowledge, our study is the first study to explore the 
characteristics of patients who experienced prolonged 
moderate and severe AECOPD events (ie, events last
ing >22 days), building on a previous study of patients 

experiencing severe AECOPD events.28 In our study, 
prolonged AECOPDs were observed in approximately 
one fifth (22.7%) of patients. After controlling for 
a wide range of patient- and exacerbation-related fac
tors, our analysis found that only severity and season
ality of the exacerbation was independently associated 
with prolonged AECOPD duration. Prolonged 
AECOPD is likely to require more frequent healthcare 
contacts and may mean longer hospital stays. Our find
ings support previous studies of exacerbating patients 
with COPD that have identified factors associated with 
longer hospital stays: these include older age,43 female 
sex,44 disease severity,43,45,46 comorbidities, and a low 
serum albumin level.30

Table 4 (Continued). 

Full-Case Population 
Analysis (N in 
Population=1,554)

Complete Case Analysis* (N Used=804)

Univariate Analysis Univariate Analysis Multivariate Analysis

Unadjusted OR 
(95% CI)

P-value Unadjusted OR 
(95% CI)

P-value Adjusted OR 
(95% CI)

P-value

Timing of index exacerbation† 

(N=1,554)
≥18 months from ECLIPSE start vs <18 
months from ECLIPSE start

1.033 (0.750–1.425) 0.841 - - - -

Severity of index exacerbation† 

(N=1,554)
Severe vs moderate 1.491 (1.114–1.994) 0.007 1.866 (1.266–2.751) 0.002 1.917 (1.269–2.896) 0.002

Season of index exacerbation‡ 

(N=1,521)
Autumn vs winter 0.683 (0.506–0.921) 0.013 0.639 (0.427–0.957) 0.030 0.680 (0.449–1.029) 0.068

Spring vs winter 0.661 (0.465–0.939) 0.021 0.558 (0.361–0.863) 0.009 0.578 (0.368–0.906) 0.017

Summer vs winter 0.664 (0.461–0.959) 0.029 0.670 (0.408–1.099) 0.113 0.638 (0.382–1.067) 0.087

Blood eosinophils,†‡ GI/L (N=1,545) 0.895 (0.437–1.833) 0.761 0.664 (0.251–1.760) 0.411 1.673 (0.593–4.720) 0.331

Blood neutrophils,†‡ GI/L (N=1,545) 1.032 (0.972–1.096) 0.300 - - - -

Gmean (GSD) serum hsCRP,† mg/L 
(N=1,529)

1.006 (0.995–1.018) 0.255 1.001 (0.986–1.015) 0.925 0.999 (0.983–1.015) 0.884

Gmean (GSD) blood fibrinogen,† 

mg/dL (N=1,153)
1.000 (0.999–1.001) 0.794 1.000 (0.998–1.001) 0.592 1.000 (0.999–1.002) 0.578

Notes: Variables included based on stepwise selection of variables with clinical/biological plausibility selected by clinician, plus additional variables which had P<0.1 in 
univariate analyses. A dashed cell indicates that no data was available. *Patients who did not have missing data for any variables. †Indicates biological or clinical plausibility for 
association with prolonged exacerbation, as previously reported in the literature to be predictive of recurrent exacerbations. ‡Variable potentially associated with prolonged 
re-exacerbation. 
Abbreviations: 6MWD, six-minute walking distance; AECOPD, acute exacerbation of COPD; BMI, body mass index; CI, confidence interval; COPD, chronic obstructive 
pulmonary disease; CV, cardiovascular; ECLIPSE, Evaluation of COPD Longitudinally to Identify Predictive Surrogate End-points; FEV1, forced expiratory volume in 1 second; 
FFMI, fat-free mass index; GI, gill; Gmean, geometric mean; GSD, geometric standard deviation; hsCRP, high-sensitivity C-reactive protein; mMRC, modified Medical 
Research Council; OR, odds ratio; SGRQ, St. George’s Respiratory Questionnaire.
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Our large study, which was based on the rich and well- 
collected demographic, clinical, and patient-reported data from 
the ECLIPSE study, was able to explore a large number of 
factors potentially predictive for early or late re-exacerbation, 
and factors potentially associated with prolonged AECOPD 
duration. Follow-up of patients in ECLIPSE was prospective, 
with short intervals between patient visits, thus allowing char
acteristics potentially associated with AECOPD events to be 
assigned within a short time of a patient’s index exacerbation.

AECOPD events were collected robustly in ECLIPSE 
and information on both moderate and severe exacerba
tions was available, allowing us to explore the impact of 
exacerbation severity on both exacerbation duration and 
timing of re-exacerbation risk.

A key limitation of our work relates to the thresholds for 
distinguishing between early and late re-exacerbations, and 
prolonged and non-prolonged AECOPD events. Although our 
visualization of the dynamic risk of re-exacerbation supports 
a 90-day threshold for defining early and late re-exacerbations, 
a distinct cut-off point applicable across studies of re- 
exacerbation timing may not exist. We used the 75th percentile 
as a cut-off for prolonged exacerbations. Although this thresh
old has been used in other studies,28,30 it may not be the optimal 
threshold. Use of an incorrect threshold diminishes our ability 
to identify predictors of early vs late re-exacerbation and our 
ability to understand factors (potentially) causally associated 
with prolonged duration.

Although the level of missing data in the ECLIPSE study is 
low, our final model to explore factors associated with pro
longed exacerbation only retained half of the patients. Our 
hypothesis that data were missing at random was confirmed 
in our comparison of the strength and magnitude of association 
in univariate analyses in the full-case and complete-case popu
lations, but it is possible that this level of missing data may have 
reduced our ability to identify all potential risk factors for 
prolonged exacerbation duration.

Although the ECLIPSE cohort was large, sample size may 
have constrained our predictive model on re-exacerbation risk. 
It is general practice to limit the number of predictors in 
a predictive model to one per every ten events. However, we 
identified a multitude of demographic, clinical, and exacerba
tion-specific factors and may have benefited from a larger 
cohort to fully explore the predictive nature of these factors. 
Further, our internal validation of the predictive model suggests 
that agreement between observed and predicted outcomes in 
cross-validation was sub-optimal. Other studies of COPD risk 
factor models that have been developed and validated in inter
nal datasets without external validation are available;47–49 

however, we do acknowledge that lack of external validation 
in our study is a potential limitation, and that future work to 
validate our model externally would subsequently be beneficial.

Conclusions
This study adds to existing knowledge of our ability to 
predict timing of future re-exacerbation outcomes for 
patients who experience an AECOPD event, and improves 
our understanding of the causal relationships between spe
cific risk factors and prolonged exacerbation duration, with 
subsequent implications for optimizing patient care.

In this analysis, exacerbation history, impaired lung 
function, poorer respiratory-related quality-of-life (greater 
disease burden), and season of index exacerbation were 
identified as significant predictors of early re-exacerbation. 
Although risk of re-exacerbation is dynamic and likely to 
be influenced by multiple factors, optimizing medication 
regimens for patients more likely to experience an early 
re-exacerbation may improve patient outcomes. Severe 
AECOPDs and AECOPDs occurring in the winter are 
likely to be prolonged, relative to those occurring in the 
warmer months, and may therefore require closer 
monitoring.

Abbreviations
6MWD, six-minute walking distance; AECOPD, acute 
exacerbation of chronic obstructive pulmonary disease; 
BMI, body mass index; BODE, Body mass index, airflow 
Obstruction, Dyspnea and Exercise capacity; CES-D, 
Center for Epidemiologic Studies Depression score; CI, 
confidence interval; CMH, chronic mucus hypersecretion; 
COPD, chronic obstructive pulmonary disease; ECLIPSE, 
Evaluation of COPD Longitudinally to Identify Predictive 
Surrogate Endpoints; eCRF, electronic case-report form; 
FACIT, Functional Assessment of Chronic Illness Therapy; 
FEV1, forced expiratory volume in 1 second; FFM, fat-free 
mass; FFMI, fat-free mass index; FVC, forced vital capa
city; GI, gill; GERD, gastroesophageal reflux disease; 
Gmean, geometric mean; GOLD, Global Initiative for 
Chronic Obstructive Lung Disease; GSD, geometric stan
dard deviation; hsCRP, high-sensitivity C-reactive protein; 
ICS, inhaled corticosteroid; IQR, interquartile range; L, 
liter; LABA, long-acting β2-agonist; LABD, long-acting 
bronchodilator; LAMA, long-acting muscarinic antagonist; 
mMRC, modified Medical Research Council; OR, odds 
ratio; PROM, patient-reported outcome measure; SABD, 
short-acting bronchodilator; SGRQ, St. George’s 
Respiratory Questionnaire.
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Data Sharing Statement
Anonymized individual participant data and study docu
ments can be requested for further research from www. 
clinicalstudydatarequest.com.
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