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ABSTRACT
Background The effects of written action plans on
recovery from exacerbations of chronic obstructive
pulmonary disease (COPD) have not been well
studied. The aims of this study were to assess the
effects of adherence to a written action plan on
exacerbation recovery time and unscheduled healthcare
utilisation and to explore factors associated with action
plan adherence.
Methods This was a 1-year prospective cohort study
embedded in a randomised controlled trial. Exacerbation
data were recorded for 252 patients with COPD who
received a written action plan for prompt treatment of
exacerbations with the instructions to initiate standing
prescriptions for both antibiotics and prednisone within
3 days of exacerbation onset. Following the instructions
was defined as adherence to the action plan.
Results From the 288 exacerbations reported by 143
patients, start dates of antibiotics or prednisone were
provided in 217 exacerbations reported by 119 patients
(53.8% male, mean age 65.4 years, post-bronchodilator
forced expiratory volume in 1 s (FEV1) 43.9% predicted).
In 40.1% of exacerbations, patients adhered to their
written action plan. Adherence reduced exacerbation
recovery time with statistical (p¼0.0001) and clinical
(�5.8 days) significance, but did not affect unscheduled
healthcare utilisation (OR 0.94, 95% CI 0.49 to 1.83).
Factors associated with an increased likelihood of
adherence were influenza vaccination, cardiac
comorbidity, younger age and lower FEV1 as percentage
predicted.
Conclusions This study shows that adherence to
a written action plan is associated with a reduction in
exacerbation recovery time by prompt treatment.
Knowing the factors that are associated with proper and
prompt utilisation of an action plan permits healthcare
professionals to better focus their self-management
support on appropriate patients.

INTRODUCTION
The increasing burden of chronic obstructive
pulmonary disease (COPD) on healthcare systems
worldwide is mainly caused by exacerbations.1

These acute events of sustained worsening of the
respiratory condition are common in COPD.2

Exacerbations have a considerable effect on
patients’ health status3 4 and contribute to COPD-
related costs.5 Recovery from exacerbations varies
from 7 to 14 days,2 and it may take even longer to
return to activities of daily living.4 Despite the huge
impact exacerbations may have, patients often have
problems in recognising symptom deterioration6

and fail to report exacerbations.2 7 This causes
a delay in treatment which has been associated
with an increased symptom recovery time,2

a worsening of health status4 and an increased risk
of hospitalisation.8 Leading respiratory societies
emphasise enhancement of patients’ awareness of
exacerbation symptoms and the importance of early
intervention.5 9

Self-management education strategies have been
shown to improve exacerbation outcomesdfor
example, by reducing hospital admissions.10 11

Effective self-management programmes include
written action plans which enable patients with
COPD to recognise symptom deterioration in the
event of an exacerbation and to react appropriately
by prompt initiation of prednisone and/or antibi-
otics.12 13 In the complex sequence of effects
resulting from a self-management intervention, it is
important to assess patient-reported outcomes if
we want to reduce the burden of COPD exacerba-
tions and to claim the benefit of this intervention.
The PERCEIVE study has shown that 45% of
patients had to stay in bed or on a couch all day
during exacerbations; most importantly, 55%
declared that quicker symptom relief was the most
desired requirement for treatment.14 Although the
use of action plans has been proposed for early
recognition and prompt access to treatment,15

there is currently no evidence that this strategy will
improve patient-reported outcomes such as
symptom recovery.16

In the present study the primary aim was to
assess the effects of adherence to a written action
plan for prompt treatment of exacerbations with
standing prescriptions for antibiotics and predni-
sone on exacerbation recovery time and unsched-
uled healthcare utilisation. As a secondary
objective, patient and disease characteristics that
are associated with an enhancement of written
action plan adherence were explored.

METHODS
Study design
This study was designed as a prospective cohort
study embedded within a 1-year randomised clin-
ical trial17 18 (http://ClinicalTrials.gov identifier:
NCT00169897) which compared the effectiveness
of outpatient hospital-based exercise training
versus self-monitored home-based exercise training.
The methodology of the randomised clinical trial
has been described in detail elsewhere.17 18 Before
randomisation to 8 weeks of either hospital- or
home-based exercise training, patients received
4 weeks of group education with the self-manage-
ment programme ‘Living Well with COPD’. This
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programme is available at http://www.livingwellwithcopd.com
(password: copd).19e21 The programme included the use of
a written action plan that focused on prompt treatment of
COPD exacerbations with standing prescriptions for antibiotics
and oral prednisone. All patients were instructed to initiate both
prednisone and antibiotics within 3 days of a change for at least
24 h in at least two of the following three major symptoms:
dyspnoea, sputum volume and sputum colour. In each exercise
training group, patients were followed by a trained respiratory
nurse or respiratory therapist acting as a case manager. The case
manager contacted patients every 2 months to reinforce mastery
of the intended behaviour and was available for given advice
during business hours.

Study subjects
Between 1 January 2004 and 31 November 2005, 10 Canadian
centres recruited 252 patients who fulfilled the following
inclusion criteria: age $40 years; forced expiratory volume in 1 s
(FEV1) post-bronchodilator <70% predicted and ratio of FEV1 to
forced vital capacity (FVC) <0.70; smoking history $10 pack
years; and MRC dyspnoea scale $2.

Measurements
Patients recorded their symptoms, medications and use of
healthcare services in a diary. Through standardised monthly
telephone interviews, independent research assistants evaluated
the diaries for the presence of respiratory symptom changes in
the previous month. If so, the interviewer recorded in detail the
start and end dates of symptom change; start and end dates of
prednisone and antibiotics used, if any; contact with the case
manager; unscheduled doctor and emergency room visits and
hospital admissions. Spirometry was measured at baseline and at
3 and 12 months. The study definition of adherence to the
action plan was based on the instructions given to all enrolled
patientsdthat is, the initiation of both prednisone and antibi-
otics within 3 days of a change for at least 24 h in at least two of
the following three major symptoms: dyspnoea, sputum volume
and sputum colour. All other actions were considered as non-
adherence. We also used an additional definitiondnamely, the
initiation of prednisone and/or antibiotics within 3 days of
a change for at least 24 h in at least two of the three major
symptoms.

Exacerbations were defined as a change for at least 24 h in at
least two of the three major symptoms (dyspnoea, sputum
volume and sputum colour).22 Exacerbations were only consid-
ered as new events if there was a time difference of at least
14 days between the exacerbation start date and the end date of
the previous one. Exacerbation total recovery time was calcu-
lated as the time between exacerbation start date (date of
reported symptom change) and end date (when symptoms had
returned to baseline level). Treated recovery time was calculated
as the time between the medication start date and the exacer-
bation end date.8 Treatment delay was calculated as the time
between the exacerbation start date and the medication start
date. Unscheduled healthcare utilisation was defined as the use
of one ore more of the following medical services as recorded in
the diaries: unscheduled doctor visit, emergency room visit and
hospital admission due to COPD exacerbations.

Statistical analysis
Crude associations between the dependent variables exacerba-
tion total recovery time and unscheduled healthcare utilisation
and the independent dichotomous variable adherence to the
action plan were calculated using simple linear and logistic

regression analyses. These associations were then adjusted for
the covariates age, sex, post-bronchodilator FEV1% predicted,
smoking status, exacerbation severity, contacting the case
manager, cardiac disease, use of long-acting bronchodilators and
inhaled corticosteroids, influenza vaccination, exacerbation
sequence during follow-up and randomisation group in the
randomised controlled trial. Before entering the models, corre-
lations between variables were tested and highly correlated
variables were dropped. Because of the hierarchical structure of
our dataset, intraclass correlation coefficients (ICC) adjusted for
the covariates were calculated to explore the clustering effect of
exacerbations within subjects and subjects within study centres.
Although the ICC of both subject (<0.0001) and study centre
(0.017) was low, we used generalised mixed models with exac-
erbation occurrence as the unit of analysis and subject and study
centre as random effects. For the outcome exacerbation total
recovery time, we estimated linear mixed models via restricted
maximum likelihood (REML) and, for the outcome unscheduled
healthcare utilisation, we estimated logistic mixed models via
residual pseudo-likelihood (RSPL). Using comparable analyses
we also studied the additional definition of action plan adher-
ence and conducted a worst case analysis in which the exacer-
bations with missing start dates of antibiotics or prednisone
(n¼71) were included by considering their treatment as failure
to adherence.
To explore the relationship between patient and exacerbation

characteristics and adherence to the action plan, we estimated
logistic mixed models via RSPL with action plan adherence as
outcome and subject and study centre as random effects.
Inclusion of variables was based on hypothesis as previous
research on this topic was not available. We first performed
univariable analyses to explore individual associations between
action plan adherence and the factors age, sex, post bronchodi-
lator FEV1% predicted, exacerbation severity, number of emer-
gency room visits for COPD in the 12 months prior to the study,
having an exacerbation action plan prior to the study, contacting
the case manager, cardiac disease, depressive symptoms, influ-
enza vaccination, exacerbation sequence during follow-up and
randomisation group in the randomised controlled trial. Multi-
variable analyses were then conducted to explore the effects of
all variables together on the dependent variable adherence to the
action plan. Backward elimination was used to remove variables
with p>0.05.
The statistical package SPSS Version 16.0.2 was used to

calculate baseline characteristics and correlation coefficients and
for performing simple linear and logistic analyses. All generalised
mixed models were performed using SAS Version 9.2. We
considered p values <0.05 as statistically significant.

RESULTS
Patient and exacerbation characteristics
A total of 143 patients (56.7% of the 252 participants in the
randomised controlled trial) reported 288 events that met the
study definition of exacerbation. Seventy-one (24.7%) of the 288
exacerbations were excluded due to missing start dates of anti-
biotics or prednisone. Excluded and included exacerbations were
similar with regard to exacerbation recovery time (p¼0.470),
respiratory symptoms (p¼0.160) and patients’ age (p¼0.978),
sex (p¼0.496) and FEV1 (p¼0.141). The remaining 217 exacer-
bations were reported by 119 patients. Table 1 shows the base-
line characteristics of these 119 patients who were included in
the subsequent analyses. Overall, slightly more than half of the
patients were male and most of them had moderate to severe
airflow obstruction. The majority were prescribed a combination
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of long-acting bronchodilators and inhaled corticosteroids. Less
than half had been prescribed an intervention plan for COPD
exacerbations prior to the study, but this was usually provided
as verbal instruction and patients were usually not followed by
a case manager.

Table 2 shows the characteristics of the 217 exacerbations
analysed. The mean (SD) number of exacerbations per patient
was 1.8 (1.2). Slightly more than half of the patients reported
only one exacerbation. In most exacerbations there was a wors-
ening of all three major symptoms whereas, in <10% of the
exacerbations, patients reported a combination of sputum
increase with sputum colour change without dypsnoea change.
The overall mean (SD) exacerbation total recovery time was 14.0
(9.4) days (median 10.0 days (IQR 8.0e17.0)). Five exacerbations
had missing data on the use of unscheduled healthcare services.
Half of the exacerbations required unscheduled healthcare
utilisation of which most required only unscheduled doctor
visits. Less than 10% of the exacerbations required emergency
room visits followed by hospital admission.

Action plan adherence, exacerbation recovery time and
unscheduled healthcare utilisation
Overall, the median treatment delay was 1.0 day (IQR 0.0e3.5).
In 141 exacerbations (65.0%) patients initiated both antibiotics

and prednisone, whereas in only 8 exacerbations (3.7%) patients
failed to start any oral medication. Patients were adherent to
their action plan in 87 (40.1%) of the reported exacerbations.
Exacerbations in which patients were non-adherent consisted of
events treated with only prednisone (n¼11, 8.5%), only antibi-
otics (n¼61, 46.9%), both but not within the 3-day time delay
(n¼50, 38.5%) and those not treated with any oral medication
(n¼8, 6.2%). Using the additional definition of action plan
adherence (initiation of prednisone and/or antibiotics within
3 days time delay) resulted in 133 exacerbations (61.3%) in
which patients were adherent. Of these exacerbations, 34 were
treated with only antibiotics, 5 with only prednisone and 94
with both.
Table 3 shows that exacerbations in which patients were

adherent had a faster recovery (�5.08 days) to baseline than
exacerbations in which patients were non-adherent (p¼0.0001).
The effect on exacerbation total recovery time remained signif-
icant when analysing only patients’ first and last exacerbations
(�7.09 days, 95% CI �3.63 to �10.56, p¼0.0001 and
�4.99 days, 95% CI �0.95 to �9.03, p¼0.016, respectively; data
not shown). When analysing the additional definition of action
plan adherence (initiation of prednisone and/or antibiotics
within 3 days time delay), the effect on total recovery time
increased; the increase was both clinically and statistically
significant (7.43 days, p¼0.0001). Furthermore, when
conducting the worst case analysis, the effect remained signifi-
cant. The difference in treated recovery time between action
plan adherence and non-adherence was not statistically signifi-
cant. There was no difference observed in the use of unscheduled
healthcare services between exacerbations in which patients
were adherent and non-adherent using the study definition and
the additional definition of adherence and when conducting the
worst case analysis.
After adjustment for potential confounding factors, the

association between adherence to the action plan and exacer-
bation total recovery time increased to �5.84 days (95% CI

Table 1 Subject characteristics at baseline (n¼119)

Characteristic description Data at baseline

Age, years 65.4 (9.2)

Male 64 (53.8)

Years of education 11.2 (4.0)

Current smoker 23 (19.3)

Pack years 58.8 (39.0e67.5)

BMI, kg/m2 27.2 (5.9)

Post-BD FEV1, l 1.07 (0.32)

Post-BD FEV1, % predicted 43.9 (13.3)

Post-BD FEV1/FVC 0.43 (0.11)

6-min walking distance, m 339 (284e395)

Dyspnoea score (MRC)

2/5 29 (24.6)

3/5 53 (44.9)

4/5 25 (21.2)

5/5 11 (9.3)

ER visits for COPD in previous 12 months 0.65 (1.05)

ICS and LABD 91 (76.5)

Comorbidity

Depressive symptoms* 32 (29.9)

Cardiac diseasey 29 (24.4)

Exacerbation intervention plan prior to
study

48 (41.0)

Influenza vaccination 95 (80.5)

Intervention group in RCTz
Home-based rehabilitation 60 (50.4)

Hospital-based rehabilitation 59 (49.6)

Data are expressed as mean (SD) or median (IQR) for continuous
variables or number (%) for categorical variables.
*Depressive symptoms were measured with the 15-item Geriatric
Depression Scale (GDS). Numbers presented include scores suggestive
for depression (score $ 6 points).
yCardiac disease includes chronic heart failure, angina pectoris,
myocardial infarction and arrhythmia.
zCanadian pulmonary rehabilitation trial (http://ClinicalTrials.gov
identifier: NCT00169897).
AP, action plan; BD, bronchodilator; BMI, body mass index; ER,
emergency room; FEV1, forced expiratory volume in 1 s; FVC, forced vital
capacity; ICS, inhaled corticosteroid; LABD, long-acting bronchodilator;
MRC, Medical Research Council.

Table 2 Exacerbation characteristics (n¼217)

Characteristic description Results

Exacerbation frequency (per patient per year) 1.8 (1.2)

Patients with

1 exacerbation 67 (56.3)

2 exacerbations 24 (20.2)

3 exacerbations 17 (14.3)

4 or more exacerbations 11 (9.2)

Exacerbation symptoms

Increase in dyspnoea and sputum, change
in sputum colour

136 (32.7)

Increase in dyspnoea and sputum 30 (13.8)

Increase in sputum and change in sputum
colour

19 (8.8)

Increase in dyspnoea and change in sputum
colour

32 (14.7)

Exacerbation total recovery time, days 14.0 (9.4)

Treated recovery time, days 11.6 (7.9)

Exacerbations with unscheduled healthcare utilisation*

Total 107 (50.5)

Unscheduled doctor visit 70 (33.0)

ER 20 (9.4)

ER + hospital admission 17 (8.0)

Data are expressed as mean (SD) for continuous variables or number (%)
for categorical variables.
*Five exacerbations were excluded due to missing data concerning the
use of unscheduled healthcare services.
ER, emergency room.
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�8.44 to 3.23). Also, for the additional definition and in the
worst case analysis, the association remained clinically and
statistically significant. After adjustment, the differences in
treated recovery time between adherence and non-adherence
remained not statistically significant. Adjustment did not
change the association between adherence and unscheduled
healthcare utilisation.

Adherence to the action plan and associated factors
Table 4 shows the relationship between patient and disease
characteristics and adherence to the action plan in the multilevel
univariable and multivariable analyses. In the univariable anal-
ysis, adherence was more likely in exacerbations of patients with
cardiac disease and those who received influenza vaccination.
Patients with higher FEV1 were less likely to adhere to their
written action plan. When combining all factors in the multi-
variable analysis, patients receiving influenza vaccination,
having cardiac comorbidity, having more severe airflow
obstruction and being younger had an increased likelihood of
adhering to the action plan. After adjustment for the covariates,
exacerbations within patients were slightly more similar to each
other than to exacerbations in other patients (ICC¼0.125) in
terms of action plan adherence. Also, patients within a centre
were slightly more similar to each other than to patients in other
centres (ICC¼0.134) in terms of action plan adherence.

DISCUSSION
Main findings
This study shows that adherence to a written action plan with
instructions for prompt and proper treatment of exacerbations is
associated with a statistically (p¼0.0001) and clinically
(�5 days) significant reduction in exacerbation total recovery
time. The study could not demonstrate a reduction in
unscheduled healthcare utilisation. Factors such as receiving
influenza vaccination, having a cardiac comorbidity, having
more severe airflow obstruction and being younger increased the
likelihood of adherence to the action plan.

This is the first study to demonstrate a positive association
between the use of a written action plan and exacerbation total
recovery time. This is important in view of new data showing

that exacerbations are so disabling that patients have expressed
that quicker symptom relief was the most desired treatment
goal.14 Wilkinson and colleagues showed that a time delay in
exacerbation treatment significantly extended exacerbation
recovery time, with 0.42 days per additional day delay.8 They
instructed patients to report exacerbations to the study team or
the healthcare provider. The reported median delay in treatment
was 3.7 days (IQR 2.0e5.6). Standing prescriptions as part of an
action plan benefits early treatment as patients in the current
study initiated medication with a median treatment delay of
only 1.0 day (IQR 0.0e3.5). Action plan adherence was also
associated with a decrease of 2.2 days in treated recovery time,
although this finding did not reach statistical significance. Our
study was not sufficiently powered to show such a small
difference. Action plan adherence was not associated with
a reduction in the use of healthcare services. This is in contrast
with recent studies on the use of COPD action plans. Sedeno
and colleagues showed an association between the same written
action plan and a reduction in hospital admission and emergency
room visits, but included older subjects with a worse disability
(6 min walking test and MRC dyspnoea score).23 In addition,
Sridhar et al showed that a written action plan embedded in a
care package containing pulmonary rehabilitation and self-
management education reduced the need for primary
care consultations compared with care as usual after a 2-year
follow-up.24

To improve the use of written action plans in daily practice, it
is important to understand why patients may fail to adhere to
their written action plan. In the present study, despite the
training programme at the start and the support by case
managers during the 1-year follow-up, in only 40.1% of the
exacerbations did patients adhere to the action plan. However,
the primary goal of the overall self-management intervention
was exercise maintenance after completing a pulmonary reha-
bilitation programme. The intervention could have been more
effective if it focused on the use of an action plan in the event of
an exacerbation. Patients with worse disease severity (ie, lower
lung function or cardiac comorbidity) were more likely to adhere
to their action plan. This suggests a tendency among healthier
patients to delay their treatment regardless of exacerbation

Table 3 Effect of adherence to the written action plan on exacerbation recovery time and unscheduled healthcare utilisation

Study definition* (n[217
exacerbations)

Adherence Crude Adjusted{
Yes (n[87) No (n[130) B/OR 95% CI p Value B/OR 95% CI p Value

Exacerbation total recovery time, days 10.9 (5.6) 16.0 (10.7) �5.08 �7.62 to �2.55 0.0001 �5.84 �8.44 to �3.23 0.0001

Treated recovery time, days 10.5 (5.6) 12.3 (9.0) �1.8 �4.03 to 0.42 0.112 �2.21 �4.58 to 0.16 0.072

Unscheduled healthcare utilisation, yesx 42 (49.4) 65 (51.2) 0.93 0.54 to 1.61 0.801 0.94 0.49 to 1.83 0.864

Additional definitiony (n¼217
exacerbations)

Yes (n¼87) No (n¼130)

Exacerbation total recovery time, days 11.2 (6.8) 18.6 (11.1) �7.43 �9.91 to �4.96 0.0001 �7.36 �9.85 to �4.87 0.0001

Treated recovery time, days 10.7 (6.7) 13.1 (9.3) �2.38 �4.66 to 0.1 0.040 �2.04 �4.37 to 0.29 0.090

Unscheduled healthcare utilisation, yesx 39 (50.6) 65 (50.0) 0.97 0.67 to 1.72 0.928 0.99 0.52 to 1.96 0.978

Worst case analysisz (n¼288
exacerbations)

Yes (n¼87) No (n¼201)

Exacerbation total recovery time, days 10.9 (5.6) 15.0 (10.2) �4.09 �6.46 to �1.72 0.001 �4.87 �7.31 to �2.43 0.0002

Unscheduled healthcare utilisation, yesx 42 (49.4) 109 (55.1) 0.8 0.48 to 1.33 0.384 0.78 0.43 to 1.41 0.412

*Action plan adherence was defined as the initiation of both prednisone and antibiotics within 3 days of exacerbation onset. All other actions were defined as non-adherence.
yIn the additional definition, adherence was defined as the initiation of prednisone and/or antibiotics within 3 days of exacerbation onset. All other actions were defined as non-adherence.
zIn the worst case analysis, all reported exacerbations were included considering the exacerbations with missing data on the use of antibiotics and/or prednisone as failure to adherence.
Adherence was defined as the initiation of prednisone and antibiotics within 3 days of exacerbation onset. Treated recovery time was not calculated as the exacerbations that were added had
missing start dates of treatment.
xFive exacerbations were excluded due to missing data concerning the use of unscheduled healthcare services.
{Adjusted for age, sex, post-bronchodilator forced expiratory volume in 1 s as percentage predicted, smoking status, exacerbation severity, contacting the case manager, cardiac disease, use
of long-acting bronchodilators and inhaled corticosteroids, influenza vaccination, exacerbation sequence during follow-up and randomisation group in the randomised controlled trial.
B, regression coefficient (ie, change in recovery time with adherence).
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severity. Although adherence to pulmonary medication has been
associated with older age,25 the current study showed that
adherence to an action plan was associated with younger age. It
is possible that adherence to an action plan is higher in younger
subjects because of an increased perception by patients of the
exacerbation on daily health and activities. Also, patients who
received an influenza vaccination were more likely to adhere to
their action plan. This may reflect a more favourable patient’s
belief or a higher quality of communication between the patient
and provider. Depression has been shown to inhibit COPD self-
management,26 but depressive symptoms were not associated
with action plan use in our study. Exacerbation sequence was
not associated with action plan adherence. Since many patients
experienced only one exacerbation over the 1-year study period,
it is not realistic to expect adoption of a new behaviour in all
patients. Successful past experiences can enhance self-efficacy,
which is a predictor of behavioural change.19 An observation
period of >1 year would better match the time frame in which
self-management support objectives can be attained. Further-
more, a longer time course in which behaviour change can
happen might result in a more realistic time allowance for long-
term outcomes such as hospitalisations.

This study has several limitations. First, it was embedded in
a randomised clinical trial that was designed for a different
purpose. The results should thus be interpreted with some
caution. Second, the written action plan was part of an inter-
vention that consisted of the self-management programme
‘Living Well with COPD’ and pulmonary rehabilitation. The self-
management programme has previously demonstrated a signifi-
cant reduction in healthcare utilisation and an improvement
in health status,20 even after a 2-year follow-up period.21 The
pulmonary rehabilitation programmedhome-based as well as

hospital-baseddhas recently been shown to improve COPD-
specific quality of life.18 The current study therefore does not
allow us to draw any conclusions about the effects of a stream-
lined written action plan, only the use of an action plan as part
of a more comprehensive self-management programme. On the
other hand, the action plan was the only part of the intervention
programme that specifically focused on exacerbation
self-management. Third, 25% of the exacerbations had to be
excluded because of missing exacerbation start or end dates and
missing information regarding the use of antibiotics or predni-
sone. Although the excluded exacerbations did not differ from
those analysed, this has definitely decreased the power of
the study. Fourth, we excluded exacerbations that occurred
within 14 days of the previous one and this could have affected
the results.27 However, only 3.6% of the exacerbations were
excluded for this reason and including them in the analyses did
not change the statistical or clinical significance. Finally, to
maximise the power of our study we used data of all exacerba-
tions, thereby increasing the risk of introducing bias by frequent
exacerbators. By entering the sequence of exacerbations as
a variable in our multivariable regression models, we minimised
this risk.

Implications for practice and future research
The results of this study have significant implications for clinical
practice. We have shown that a written action plan is associated
with a reduction in exacerbation total recovery time providing
patients adhere to it. This suggests that action plans deserve
a more prominent role in exacerbation management. However,
less than half of the exacerbations were treated according to the
instructions. Sufficient time and supportive coaching for
patients should be allowed to improve the management of

Table 4 Factors associated with adherence to the action plan:* univariable and multivariable analyses
on 217 exacerbations

Categories or units OR 95% CI

Univariable analysis

Influenza vaccination Yes vs no 4.83 1.74 to 13.37

Cardiac diseasey Yes vs no 2.44 1.08 to 5.52

Exacerbation intervention plan prior to
study

Yes vs no 1.63 0.75 to 3.54

Post-BD FEV1 Each % predicted 0.98 0.96 to 1.00

Age Each year 0.98 0.94 to 1.02

Sex Female vs male 1.28 0.65 to 2.52

Exacerbation sequence Each exacerbation 1.11 0.84 to 1.46

Number of exacerbation symptoms 3 vs 2 symptoms 1.45 0.73 to 2.87

ER COPD visit prior to study Each visit 1.11 0.85 to 1.44

Contacting the case manager Yes vs no 1.19 0.6 to 2.38

Depressive symptomsz Yes vs no 0.95 0.85 to 1.07

Pulmonary rehabilitation in RCTx Home vs hospital 1.25 0.63 to 2.48

Multivariable analyses{
Influenza vaccination Yes vs no 4.82 1.71 to 13.54

Cardiac disease Yes vs no 3.05 1.26 to 7.39

Age Each year 0.96 0.92 to 1.00

Post-BD FEV1 Each % predicted 0.98 0.95 to 1.00

Random effects Estimate 95% CI

Subject 0.47 �0.32 to 1.26

Study centre 0.51 �0.33 to 1.35

*Adherence to the action plan was defined as the initiation of both prednisone and antibiotics within 3 days of exacerbation onset. All
other actions were defined as non-adherence.
yCardiac disease includes chronic heart failure, angina pectoris, myocardial infarction and arrhythmia.
zDepressive symptoms were measured with the 15-item Geriatric Depression Scale (GDS). Sum scores (range 0e15) $6 points are
suggestive for depression.
xCanadian pulmonary rehabilitation trial (http://ClinicalTrials.gov identifier: NCT00169897).
{After backward elimination with removal of variables with p>0.05.
Post-BD FEV1, post-bronchodilator forced expiratory volume in 1 s.
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exacerbations. Although several factors were found that can be
used by healthcare professionals to provide better self-manage-
ment support, additional research on this topic is needed. Taking
into account the negative results of previous studies, action
plans should be carefully embedded in well-designed care
delivery systems with easy access to care, including continuous
reinforcement by case managers. This needs further research if
we want a better understanding of what the specific compo-
nents are, the time frame in which specific behaviour change
such as using an action plan in the event of an exacerbation can
be attained, and how best to support self-management in
COPD.28
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