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Background: This study examined the short-term effects of symptom-defined exacerbation recovery on health 
status and pulmonary function in moderate to severe chronic obstructive pulmonary disease (COPD) patients. 
Methods: Secondary analyses of pooled data from two 12-week Phase II international, randomized controlled 
trials using the EXAcerbations of Chronic Pulmonary Disease Tool (EXACT) to identify symptom-defined 
exacerbations were conducted.  Recovery was categorized as recovered, unrecovered (persistent worsening), or 
censored.  Multiple regression analyses were used to test the effect of recovery status on change in the St George’s 
Respiratory Questionnaire (SGRQ) and forced expiratory volume in 1 second (FEV1) from baseline to Week 12.  
Evaluating Respiratory Symptom scale (E-RS) scores were used to evaluate change in stable-state respiratory 
symptoms from baseline to Week 12.
Results: Of 1346 eligible patients, 414 (31%) experienced ≥1 symptom-defined exacerbation; 260 patients 
recovered from their events, 80 experienced an unrecovered event (persistent worsening), 74 patients had only 
censored events (excluded).  Groups were similar at baseline, with the recovered group reporting significantly worse 
symptoms (p<0.01).  Recovery group and baseline SGRQ were significant predictors of change in health status 
over 12 weeks (p=0.04; p<0.01); no effects were observed for lung function.  Significant between-group differences 
in change in respiratory symptom severity from baseline to Week 12 were observed (p<0.01), with the persistent 
worsening group experiencing clinically meaningful deterioration in breathlessness and chest symptoms. 
Conclusions: Results suggest some patients have difficulty recovering from symptom-defined exacerbations, 
leading to a deterioration in health status, dyspnea, and chest symptoms without short-term effects on lung 
function.  Further study of symptom-defined exacerbation recovery and health outcomes is warranted.
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Introduction
Exacerbations of chronic obstructive pulmonary disease 
(COPD) are events defined by an acute, sustained 
worsening of the patient’s underlying condition of 
COPD from the stable state beyond normal day-to-
day variability.1,2  For the purposes of intervention 
and natural history studies, exacerbations are 
classified as health care resource utilization (HCRU) 
or symptom-defined events.3,4 HCRU events include 
clinic or emergency department   visits and treatment 
with antibiotics and/or oral corticosteroids and/
or hospitalization,4,5 and account for the majority 
of the COPD-related burden on health care systems 
worldwide.1,6-10  Symptom-defined exacerbations are 
assessed through patient-completed diaries.5,11  As 
many as 50%-80% of these events are unreported.12-15  
Although often described as “mild,” symptom severity 
levels are similar to those observed in reported HCRU 
exacerbations, and there is evidence to suggest they 
can adversely affect patient health status and lung 
function.16-18 

Research on patterns of recovery from symptom-
defined events is limited.  There is reason to believe that 
some patients do not fully recover from one or more 
of these events, i.e., they fail to return to their previous 
health.  Relatively little is known about the prevalence 
and nature of these sustained events and their short- 
and long-term effects.14,17,19-21 A natural history 
study conducted by Donaldson and colleagues found 
extended duration of symptom-defined exacerbations 
for up to 99 days occurring in 7.3% of patients, with 
recovery defined by peak expiratory flow (PEF) rate.  
These events negatively impacted health status, forced 
expiratory volume in 1 second (FEV1), and time to next 
HCRU exacerbation.17 Leidy and colleagues’ analyses 
of two 3-month, randomized, controlled trials found 
that 14% and 15% of symptom-defined exacerbations, 
respectively, did not meet recovery requirements based 
on significant sustained improvement in EXAcerbations 
of Chronic Pulmonary Disease Tool (EXACT®) scores.14  
The purpose of this study was to explore symptom-
defined exacerbation recovery in these trials and the 
short-term effects on health status, lung function, and 
respiratory symptoms in patients with COPD.

Study Design, Sample, Procedures
Secondary analyses were performed on data from two 

Methods

12-week, Phase II randomized, double-blind, placebo-
controlled multinational trials testing AZD9668 (a 
neutrophil elastase inhibitor) in patients with COPD.  
Methods and results are reported elsewhere.22,23  
Briefly, one trial (referred to here as AZ1) was dose-
ranging with patients standardized to a baseline 
treatment of tiotropium (Protocol D0520C00012; 
ClinicalTrials.gov Identifier NCT00949975).  The 
second trial, AZ2, tested one dose against placebo, 
with patients standardized to a baseline treatment 
of budesonide/formoterol (Protocol D0520C00020; 
ClinicalTrials.gov Identifier NCT01023516).  Relevant 
inclusion criteria included: Age 40–80 years; FEV1% 
predicted 40%–80% (AZ1) or 30%–80% (AZ2); ≥1 
HCRU visits the prior year; Breathlessness, Cough, 
and Sputum Scale  score ≥2 per day for 7 of 14 days 
before randomization24,25; and no HCRU visits 
or treatment for exacerbation for at least 4 weeks 
prior to randomization.  No statistically significant 
differences in lung function or symptom improvement 
were observed in these trials,22,23 permitting pooled 
analyses across treatment and placebo groups for 
exploratory purposes.  In addition, similar study design 
and execution allowed for pooling of the 2 datasets for 
this study. 

According to the study sponsor, trial procedures 
adhered to the Declaration of Helsinki, and the 
institutional review boards of the participating 
institutions approved the protocol(s).

Patient-reported Measures
EXACT
Participants completed an electronic diary each 
evening, including the EXACT and trial-specific 
assessments, for the 14-day run-in period leading 
up to randomization as well as the 12-week duration 
of the study.  The EXACT consists of 14 questions 
asking patients to rate  severity of breathlessness, 
cough, sputum, chest congestion, sleep disturbance, 
feelings of weakness or tiredness, and feelings of 
worry or concern.26  The EXACT score, representing 
the patient’s COPD health state, is tallied each day and 
ranges from 0-100, with higher scores indicating a 
more severe condition.27  

Changes in the daily EXACT score are used to 
identify symptom-defined exacerbations and quantify 
symptom severity of HCRU exacerbations.14,26-28  
Symptom-defined exacerbations are a sustained 

Measures
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worsening of EXACT daily scores above baseline, 
i.e., ≥9 points for 3 consecutive days or ≥12 points 
for 2 consecutive days.  In this study, Day -7 to Day 
-1 constituted baseline.  Exacerbation severity is 
represented by the maximum observed value during 
an event.  Recovery is defined by an improvement of 
at least 9 points from the maximum value, sustained 
for 7 days, using a 3-day rolling average—effectively 
returning the patient to their pre-event level while 
accounting for normal day-to-day variability.  The first 
day of sustained improvement is designated the day 
of recovery.  Symptom-defined exacerbations that fail 
to achieve recovery are labeled persistent worsening 
events.   These scoring algorithms have been tested 
in multiple datasets against clinician and patient 
global ratings of change and relative to alternative 
thresholds.14,28

For the analyses performed in this study, patients 
were classified into groups based on their exacerbation 
recovery pattern.  Those in the persistent worsening 
group experienced an event without recovery at any 
time prior to 28 days of the end of the study; unrecovered 
events with an onset within 28 days of the end of the 
study were defined as censored. After the onset of a 
persistent worsening event, no subsequent symptom-
defined exacerbations were recorded. Patients who 
experienced recovered events only or recovered events 
with subsequent censored events were designated 
as the recovered group.  Patients with censored-only 
events were excluded from the analysis. 

St George’s Respiratory Questionnaire for COPD 
At baseline and Week 12, patients completed the 
St George’s Respiratory Questionnaire (SGRQ) for 
COPD, a validated, shortened version of the SGRQ that 
contains 40 items assessing symptoms (frequency and 
severity), activity (activities that cause or are limited 
by breathlessness), and impacts (social functioning, 
psychological disturbances resulting from airways 
disease) to capture and summarize health status in 
patients with COPD.  Scores are equivalent to the full 
50-item SGRQ and range from 0-100, with higher 
scores indicating worse COPD health status.29,30  
A change of  4 points in the total score represents 
clinically meaningful improvement or deterioration in 
health status.31

Evaluating Respiratory Symptom Scale in COPD 
The Evaluating Respiratory Symptom scale in COPD 

(E-RS: COPDTM ) total and subscale scores, derived  
using the 11 respiratory symptom items of the EXACT, 
measure respiratory symptom severity in the stable 
state.32,33  The respiratory symptom (RS)-Total score 
ranges from 0-40, the RS-Breathlessness score ranges 
from 0-17, the RS-Cough and Sputum score ranges 
from 0-11, and the RS-Chest Symptoms score ranges 
from 0-12.  Higher scores represent worse symptom 
severity. Responder definitions (minimal important 
difference [MID] change score) are ≥2 for the RS-
Total, ≥1 for the RS-Breathlessness, and ≥0.7 for the 
RS-Cough and Sputum and RS-Chest Symptom scores, 
respectively.33,34  The E-RS was used to assess specific 
respiratory symptoms affected by recovery status when 
patients should be in a stable state, i.e., recovered or (in 
the case of the persistent worsening group) in a new 
equilibrium.

Clinic Assessments
Demographic and medical history variables were 
collected at baseline.  Spirometry was performed at 
baseline and Week 12.  The total number of HCRU 
events reported by patients over the study period was 
recorded at Week 12.

Analyses
SAS/STAT software version 9.3 of the SAS System 
for PC (SAS Institute, Cary, North Carolina) was used 
for all analyses.  Sample descriptive statistics are 
presented as a frequency and percentage or mean 
(SD), depending on their distribution.  Between-
group comparisons were conducted using a χ2 test or 
Student’s t-test, as appropriate.  A p-value of <0.05 was 
considered to be statistically significant.

To examine patterns of day-to-day variability during 
the peri-exacerbation period, mean daily EXACT 
scores were plotted by recovery group: 1) beginning 
14 days prior to event onset and for the remainder of 
the study period; and 2) beginning at Day -14 of the 
baseline period through Day 84 (Week 12) (See the 
online supplement).

Change from baseline to Week 12 in SGRQ total 
score and FEV1 and were analyzed using multiple 
regression, with recovery group (recovered versus 
persistent worsening) and gender as predictors; 
age, study (AZ1 or AZ2), treatment allocation, and 
baseline SGRQ or FEV1 values, respectively, served as 
covariates.  These covariates were similar to those in 
the Donaldson study and previous studies examining 
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unreported symptom-defined exacerbations with the 
EXACT.17,18,35  Due to the limited number of HCRU 
exacerbations observed over the study period, HCRU 
count was not included in the models.  Covariates’ 
coefficient, standard error, and 95% confidence 
interval are reported as well as the model R2 and 
Adjusted R2 values to assess the model goodness of 
fit.  To facilitate interpretation of regression analyses, 
change scores in SGRQ and FEV1 from baseline to 
Week 12 were compared using Student’s t-test (see 
the online supplement).  The proportion of patients 
in each group whose health status improved, did not 
change, or deteriorated was also compared across 
groups using a χ2 test, with groups defined by SGRQ 
thresholds for clinically meaningful change (see the 
online supplement).31  

Change in respiratory symptoms from baseline 
(Days -7 to -1 prior to baseline visit) to the end of the 
observation period (Days -7 to -1 prior to Week 12) 
were compared between groups using the E-RS: COPD 
to understand the nature of the deterioration in terms of 
the characteristic symptoms of COPD: breathlessness, 
cough and sputum, and chest symptoms.

Sample
To be included in these analyses, at least 4 baseline 
days of valid, non-missing EXACT data (Day -7 to Day 
-1) and >80% of daily data from baseline to final visit or 
early termination date were required.  A total of 1346 
patients met minimum data criteria (93% of the total 
randomized trial population), of whom 414 experienced 
one or more symptom-defined exacerbation.  Of these, 
74 patients (17.8%) were excluded due to censoring of 
their only exacerbation, yielding an analytical sample 
size of 340 (see online supplement). 

Of the 340 patients, 260 (76.7%) experienced one 
or more exacerbations with discrete recovery (the 
recovery group), while 80 (23.5%) experienced an 
event defined as unrecovered (the persistent worsening 
group).  In total, this sample experienced a total of 
474 symptom-defined exacerbations over the study 
period.  These 340 patients were demographically 
and clinically similar to those who experienced no 
symptom-defined exacerbations during the study 
(n=932) (see online supplement).

Baseline sociodemographic and clinical 
characteristics of the analytical sample (N=340) are 

Results

shown in Table 1.  The 2 recovery groups were similar, 
with the exception of EXACT and E-RS-Total and 
subscale scores, with the recovered group reporting 
significantly higher (more severe) values.  

Table 2 summarizes the symptom-defined (EXACT) 
and HCRU exacerbations by recovery group.  Patients 
in the recovered group experienced significantly larger 
EXACT score changes from baseline to event onset 
(15.0±5.31 versus 12.5±3.51, p<0.01) and more severe 
events (60.6±12.38 versus 57.5±13.47, p=0.04) than 
the persistent worsening group. 

The proportion of patients experiencing an HCRU 
exacerbation was not statistically different between 
groups (23% versus 14%, p=NS), although a greater 
proportion of patients in the recovered group reported 
more than 2 HCRU exacerbations (7% versus 1%, 
p=0.05).

EXACT Scores Over Time
Group mean EXACT scores by recovery group for the 
14 days leading up to a symptom-defined exacerbation 
and the remainder of the study are presented in Figure 
1.  Patients in the persistent worsening group had lower 
(less severe) EXACT scores on the days leading up to 
event onset and lower change scores signaling the event 
than the recovered group (between-group difference 
= 2.5 points, p<0.01).  As noted previously, EXACT 
scores in the recovered group rose 15.0 (5.31) points 
from baseline and declined rapidly over the next 12-14 
days.  In contrast, scores in the persistent worsening 
group worsened by an average of 12.5 (3.51) points.  
Although a trend toward recovery was observed, 
EXACT scores remained elevated above baseline and 
above the recovered group for the remainder of the 
study.  The between-group change in EXACT score 
from baseline to Week 12 was statistically significant 
(Recovered group [n=246]: -2.1±8.75; Persistent 
Worsening group [n=73]: 4.6±7.35, p<0.01).

Recovery Status & Change in Health Status
Recovery group was a significant predictor of change 
in health status (Table 3), controlling for baseline 
SGRQ score, age, sex, study, and treatment group 
(β=3.52, 95% CI 0.17 to 6.88, p=0.04).  Group mean 
change SGRQ scores by recovery status showed that 
the health status of the recovered patients improved 
over the course of the study (-2.1±13.87) while the 
persistent worsening group declined (1.5±13.41) 
(p=0.04) (see online supplement).
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Recovery Status & Change in Lung Function
There was no relationship between recovery group 
and change in lung function (Table 3).  Baseline FEV1 
was a significant predictor (β=-0.09, 95% CI -0.15 to 
-0.04, p<0.01) (Table 3).  Mean FEV1 change scores 
at Week 12 were effectively 0 for both the recovered 
(-0.03±0.21) and persistent worsening groups 

(-0.04±0.29) (p=0.89) (see online 
supplement).

Change in Respiratory 
Symptoms
Post-hoc analyses to understand 
the nature of persistent worsening 
in terms of respiratory symptoms 
showed statistically significant 
differences between the 2 recovery 
groups in change from baseline to 
end of study (Week 12) for respiratory 
symptoms overall (E-RS total 
score) and each of the 3 subscales 
(breathlessness, cough & sputum, 
and chest symptoms) (p<0.01 for 
all).  Although the recovered group 
showed symptomatic improvement, 
values were less than the proposed 
MID, suggesting these patients were 
essentially unchanged from baseline.  
In contrast, the persistent worsening 
group experienced meaningful 
deterioration in respiratory symptoms 
overall (E-RS-Total), breathlessness 
(RS-Breathlessness) and chest 
symptoms (RS-Chest Symptom) 
(Figure 2).

This study explored the patterns 
and effects of patient recovery from 
symptom-defined exacerbations over 
12 weeks.  Results support previous 
findings that a subset of patients 
experience acute worsening of their 
COPD, characteristic of a symptom-
defined exacerbation, that persists 
over time, rather than returning to pre-
event or near pre-event levels.  These 
events were associated with a decline 
in health status and meaningful 
deterioration in respiratory symptoms 

Discussion

over 12 weeks, with no apparent effect on FEV1.  
In the current study, 16.9% of the symptom-defined 

exacerbations observed were classified as persistent 
worsening at 12 weeks.  This finding is higher than 
previous studies of symptom-defined exacerbation 
where recovery was defined as symptom improvement 
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for 2 consecutive days and rates ranged from 3.1% 
to 9.6% at up to 99 days.17,19,21  Differences in non-
recovery rates are likely due, in part, to differences 
in recovery definitions, with the EXACT requiring 
sustained symptomatic improvement for 7 consecutive 
days and a 3-day rolling average accounting for day-
to-day variability.  This conservative approach assures 
users that those who recover from these events have 
returned to a stable state similar to their pre-event 
status.  Results of the current study support the 
identification and definition of persistent worsening 
events.  They also suggest that, in the absence of 

treatment, patients experiencing these 
events are at a new steady state with 
poorer health status and should have 
their EXACT scores reset in order to 
appropriately identify subsequent acute 
events.  

It was interesting to find that patients 
in the persistent worsening group had 
significantly lower EXACT scores at 
baseline and more gradual event onset 
compared with patients who recovered.  
This finding is in-line with those 
reported by Aaron and colleagues,  in 
which patients who experienced event 
onset on the same day symptoms began 
had shorter median recovery times to 
baseline health status compared with 
patients who experienced gradual 
onset.36 MacKay and colleagues also 
showed that among symptom-defined 
exacerbations captured with the EXACT, 
patients with more severe stable disease 
(defined by a history of exacerbations 
in the last year and airflow obstruction) 
were more likely to report events and 
receive treatment for symptom-defined 
exacerbations associated with smaller 
increases in symptom severity at 
event onset compared to patients with 
milder stable disease.37  Jones and 
colleagues also found that patients with 
unreported—and therefore untreated—
symptom-defined exacerbations had 
lower EXACT scores at baseline than 
patients with reported symptom-defined 
exacerbations, and that EXACT change 
scores from baseline remained elevated 

28 days after the onset of unreported symptom-defined 
exacerbations compared to treated exacerbations.18  
Together, these findings suggest patients with lower 
EXACT scores (e.g., better health status) at baseline, 
and patients with more gradual symptom deterioration 
may be less likely to report acute symptomatic 
events.  Symptom-defined exacerbations with a more 
gradual onset may be more difficult for patients to 
identify as an acute worsening in their COPD health 
that is worth a health care visit for assessment and 
possible treatment.  Patients experiencing milder 
daily symptoms and a gradual rise in symptoms may 
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benefit from additional training on how to recognize 
deteriorating symptoms and encouragement to notify 
their clinician for treatment.

Findings from this study are consistent with 
previous studies suggesting symptom-defined 
exacerbations may have an adverse effect on health 

outcomes.17,18 Absolute differences in SGRQ 
change scores between the recovered and persistent 
worsening groups approached the published 4-point 
minimally important difference.31  The deterioration 
in respiratory symptoms from baseline to Week 12 
in this group was clinically meaningful.  Although it 
is reassuring to see no effect on lung function in this 
study, this should not be extrapolated to longer-term 
effects.  Donaldson and colleagues found that patients 
with one or more non-recovered events (defined as 
PEF not returning to baseline after 99 days) had 
an FEV1 decline that was -10.8 ml/year faster than 
patients with no non-recovered events over a median 
of 3 years.17  Further study of the relationship between 
symptom-defined exacerbations, recovery status, and 
lung function is warranted.  Pending results of this 
work, it is possible that early intervention programs 
could alleviate patient morbidity in the short term, and 
allay disease progression in the long term.

Several limitations of this study are worth noting.  
First, the 3-month study duration limited the evaluation 
to short-term effects.  Second, the small number of 
HCRU exacerbations precluded the inclusion of 
this variable in the regression models and may have 
contributed to the small R2 values.  The trend toward 
more HCRU events in the recovered group (i.e., 
treatment with antibiotics or steroids during the 12-
week period) could have contributed to more stable or 
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improved health status and symptom severity in these 
patients.  Third, the data did not permit an analysis 
of treatment-seeking proclivities or behaviors.  It is 
possible that the persistent worsening group was less 
likely to seek care for a change in condition.  These 
results offer support for studies to better understand 
patient treatment-seeking preferences and the effects 
of targeted, early intervention. 

Several strengths are also noteworthy.  First, this 
was a large dataset from 2 multi-national, randomized, 
controlled clinical trials.  Second, EXACT diary 
compliance was high.  Together, this ensures excellent 
internal validity since data were collected completely 
and systematically.  Finally, patients were largely 
representative of symptomatic trial patients in terms of 
gender, age, and maintenance treatment, with moderate 
to severe COPD and a history of at least one HCRU in 
the 12 months prior—making the results of this study 
applicable to similar COPD patient populations.

Conclusion

This study explored recovery patterns associated 
with symptom-defined exacerbations, and assessed 
the extent to which sustained events affect health 
status, lung function, and respiratory symptoms 
over a short 12-week period.  Results suggest some 
patients have difficulty recovering from symptom-
defined exacerbations, leading to a decline in health 
status and increased levels of breathlessness and chest 
symptoms that may represent an early signal of disease 
progression.  Further study of patient treatment-
seeking behaviors and the effects of baseline health 
status, recognition of symptom deterioration, and early 
treatment on symptom-defined exacerbation recovery 
and health outcomes is warranted. 
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