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Background: Pulmonary rehabilitation (PR) is an important treatment option for chronic
obstructive pulmonary disease (COPD) patients and might contribute to a reduction in exacer-
bation and exacerbation-related hospitalization rate.

Methods: In this prospective study, all COPD patients that completed a comprehensive
pulmonary rehabilitation program (PRP) between June 2006 and December 2012 were
included. Self-reported exacerbation and hospitalization frequency 1 year before PR was
retrospectively recorded. During the year following PR, exacerbation and hospitalization
frequency was recorded with questionnaires.

Results: For 343 patients, complete information on exacerbation and hospitalization rate was
obtained. The mean number of exacerbations decreased significantly after participating in a PRP
by 1.37 exacerbations/year (95% confidence interval 1.029 to 1.717) from 4.5613.26 exacerba-
tions in the year preceding PR to 3.1812.53 in the year following PR (P<<0.0005). The number
of hospitalizations due to exacerbations decreased significantly by 0.68 hospitalizations/year
(95% confidence interval 0.467 to 0.903) from 1.48+1.84 in the year preceding PR to 0.80£1.31
hospitalizations/year in the year following PR (P<<0.0005). The proportion of patients with a
frequent exacerbation type (more than two exacerbations/year) was reduced by 24%. Multivariate
regression analysis to explore determinants that might predict reduction in exacerbation frequency
or change in exacerbation pattern did not reveal clinically useful predictors, although patients
with more exacerbations before PR had the highest potential for reduction.

Conclusion: In a large population of severely impaired COPD patients with high exacerbation
rates, a significant reduction in exacerbation and hospitalization frequency was observed after
participation in a comprehensive PRP.

Keywords: health status, health care utilization, hospitalization, disease management,

self-management

Introduction
Pulmonary rehabilitation (PR) has become an integral component in the treatment of
chronic obstructive pulmonary disease (COPD) patients. The short-term effects on
improving symptoms, exercise tolerance, and health-related quality of life (HRQoL)
were demonstrated by numerous randomized studies and meta-analyses.'

This was confirmed by a recent study from our group, showing positive short-
term results of a comprehensive PR program (PRP) in a large group of COPD
patients with severely impaired health status.> We were able to show statistically
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significant and clinically relevant positive effects on
6-minute walking distance (6MWD), muscle force, cycle
exercise endurance time, and HRQoL. Studies investigat-
ing long-term effects are more scarce and show less clear
results. Although the majority of studies reported positive
results on exercise performance and HRQoL, only half of
the studies that investigated exacerbation rate and/or use
of health care resources reported statistically significant
positive effects.’ The studies published varied consider-
ably in sample size, severity of disease, type and dura-
tion of the program offered, follow-up time, and whether
or not patients participated in a maintenance program.
Reducing exacerbation frequency and subsequent health
care utilization is considered to be an important outcome
target in the treatment of COPD.** Exacerbations lead to
increased complaints, reduced HRQoL, and reduced physi-
cal activity.® This can lead to reduced exercise tolerance and
muscle dysfunction.”® Furthermore, frequent exacerbations
are related to accelerated lung function decline and are
associated with increased mortality.'* PR might decrease
exacerbation and hospitalization rates by improving physi-
cal condition and physical activity in daily life. Recent
studies show that less active persons have a higher risk
for hospital admission.'*!> Moreover, the improvement of
knowledge of the disease, awareness of body symptoms,
and self-management skills might lead to earlier recogni-
tion and treatment of exacerbations. '

The purpose of this study was, therefore, 1) to evaluate
the effect of a PRP on self-reported exacerbation and hospi-
talization frequency during 1 year after PR compared with
1 year before PR, and 2) to explore determinants (at baseline
and after completing a PRP) that might predict a change in
exacerbation and hospitalization frequency.

Materials and methods
Study design

A prospective, observational study of patients enrolled
in a comprehensive PRP in a tertiary referral center in
the Netherlands was performed. The study was institutional
review board exempt because all procedures and measure-
ments were part of the usual care in our institute, and only
deidentified, preexisting data were used.

Participants

All patients with COPD who participated in the com-
prehensive program of the “Schoondonck™ Center for
Pulmonary Rehabilitation, Breda, the Netherlands, between
June 2006 and December 2012 were included in this study.

Referral criteria and contraindications for participation in the
program have been described and discussed extensively in a
previous article.? Patients were referred by pulmonologists
from the southwest region of the Netherlands to this tertiary
referral center for PR. Reasons for referral were a high impact
of the disease on health status, with no satisfactory response
to prior medical and nonmedical treatment, including rehabili-
tation in primary care and hospital-based rehabilitation. The
patients who were referred and enrolled typically had at least
three of the following features: 1) severe to very severe airway
obstruction, 2) a markedly limited exercise performance with
a maximal power output on a cycle ergometer (W__ ) of less
than 50% predicted, 3) a severely impaired quality of life as
measured with the St George’s Respiratory Questionnaire
(SGRQ) total score of more than 50%, and 4) a relatively
high annual, self-reported exacerbation rate (more than three
in the preceding year) and markedly high health care utiliza-
tion (more than two exacerbation-related hospitalizations in
the preceding year).

Intervention
The indication for participation in a comprehensive PRP was
based on evaluation of the impact of the chronic respiratory
disorder on different dimensions of health status, that is,
physiological functioning, symptoms, activities, quality of
life, and health care utilization during an assessment.!” The
measurement instruments are consistent with markers that
have previously been identified as appropriate for measur-
ing clinically relevant outcomes in COPD.'"® Pulmonary
function tests, incremental exercise test, and 6MWD were
obtained according to American Thoracic Society/European
Respiratory Society guidelines.!*?! Cycle exercise endurance
was determined with a constant work rate test on a cycle
ergometer at a work rate equal to 75% of W__ obtained in a
preceding incremental test performed in the same week.?? The
Medical Research Council scale for dyspnea was recorded,
and the BODE index (Body mass index, airway Obstruction,
Dyspnea, and Exercise capacity) was calculated.?*** HRQoL
was measured with the SGRQ and the Medical Outcomes
Study short-form survey, version 2 (SF-36, version 2).252
Patient characteristics, program components, and outcome
measurements have been described extensively earlier.?
The initial assessment was followed by an individually
tailored comprehensive PRP of 12 weeks duration, which
was carried out in fixed groups of 8—10 persons.”’” Patients
participated in the program 5 days a week, for a weekly
average of 20-25 hours, either as an in- or outpatient.
Besides group sessions, patients received interventions on an
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individual basis: for example, counseling by psychologist or
social worker, art therapy sessions, and educational conver-
sations with a dietician or respiratory nurse. Indication for
individual therapy sessions was determined by the healthcare
professionals during the assessment week. To improve self-
management skills, all patients made an individualized
written action plan for exacerbations, under the supervi-
sion of a respiratory nurse and pulmonary physician. This
was done by offering educational group sessions covering
exacerbation management (three sessions, 30 minutes each)
and individual counseling by a respiratory nurse (up to five
sessions, 30 minutes each). Weekly group sessions of 1 hour
on training in body awareness were an important instrument
to teach the participants how to correctly recognize symptoms
of exacerbation.

At discharge, the participants were instructed to continue
training with a local physiotherapist for 30-60 minutes,
twice weekly, for which the participants received written
training instructions. These physiotherapists were trained
in treating COPD patients. Participants were instructed to
make an appointment with their referring pulmonary physi-
cian or respiratory nurse or both in the first 2-3 months after
discharge.

Outcomes

Exacerbation frequency in the year preceding participation
in the PRP was recorded by asking the participant about the
exacerbation frequency in the previous year. An exacerba-
tion was defined as an increase in or new onset of more
than one symptom of COPD (cough, sputum, wheezing,
dyspnea, or chest tightness), with at least one symptom
lasting 3 days or more and leading the patient’s attending
physician to initiate treatment with systemic glucocorticoids,
antibiotics, or both.? Participants were also asked about the
frequency of hospitalizations as a result of exacerbations in
the previous year. Exacerbations that were initially treated
outside the hospital but resulted eventually in hospitalization,
without interruption of the treatment, were considered as
hospitalizations. The total number of exacerbations consisted
of both exacerbations in and out of hospital.

During the year following PR, questionnaires were sent
to the participants at fixed intervals (3, 6, and 12 months after
completing PR). Patients were asked to record the number
of exacerbations and exacerbation-related hospitalizations
during the previous period.

Data were collected by an administrative assistant who
tried to contact the participants by phone if data were missing
to ensure a maximal retrieval of data. Data were collected

in an SPSS database, which was anonymized for research
purposes.

Patients were classified as having infrequent or frequent
exacerbations. Infrequent exacerbations were defined as zero
to two exacerbations per year, and frequent exacerbations
were defined as more than two exacerbations per year.?’ The
percentage of patients having infrequent or frequent exacer-
bations 1 year before and 1 year after PR was reported. The
percentage of patients that changed to a different exacerbation
type was calculated. Four patterns of change were defined:
unchanged infrequent, unchanged frequent, frequent to infre-
quent (decreased), and infrequent to frequent (increased).

Statistical analysis

Statistical analysis was done using IBM SPSS version 19.
Baseline characteristics and changes in exacerbation and
hospitalization frequency were assessed for normality using
visual inspection of normal quantile—quantile plots and
histograms.

Differences in baseline characteristics between com-
pleters, dropouts, and deaths were analyzed with an ANOVA
test or a Kruskal-Wallis test for categorical data or depending
on the criteria for normality. Data are reported as the mean +
standard deviation unless otherwise specified. Changes in
exacerbation and hospitalization frequency 1 year before
compared with 1 year after were tested with a paired-samples
t-test. A P-value of less than 0.05 was considered significant.
Change in exacerbations frequency type before and after PR
was analyzed with a McNemar test.

Logistic regression

A hierarchical logistic regression analysis was performed to
ascertain effects of baseline characteristics on the likelihood
to change from frequent exacerbation type 1 year before PR
to infrequent exacerbation type 1 year after PR (1 =change
from frequent to infrequent; 0 =unchanged or change from
infrequent to frequent). Four blocks of baseline parameters
were tested: age, sex, body mass index (block one); forced
expiratory volume in 1 second (percent predicted [% pred]),
(% pred) (block two); SGRQ
total score (block three); and exacerbation frequency in the

quadriceps force (% pred), W
year preceding PR (block four). These parameters were cho-
sen because they are commonly tested before PR and because
they represent different domains of the disease. Another
similar hierarchical logistic regression analysis was done,
with the same baseline characteristic but with reduction in
exacerbation frequency (at least one exacerbation less in the
following PR compared to the year preceding PR) (=1) or no
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reduction in exacerbation frequency as dependent variable
(=0). Finally, a logistic regression analysis was performed
with change from frequent to infrequent exacerbation pat-
tern as dependent variable and change in SGRQ total score,
constant work rate test, and 6MWD after PR as independent
variables.

Results

Patient characteristics

In total, 537 patients completed the initial program of 12 weeks
and were eligible for follow-up. During the 1-year follow-up
period after PR, 38 patients died (7%) (deaths). In addition,
156 patients (29%) did not answer the questionnaire regarding

exacerbation and hospitalization frequency sufficiently
and were considered as lost to follow-up (dropouts). For
343 patients, complete data on exacerbation and hospitalization
frequency was available during the 1-year follow-up and were
eligible for analysis (completers). Patient characteristics for
completers, dropouts, and deaths are shown in Table 1.
Compared with patients that completed the follow-up,
patients that were lost to follow-up were more often female,
were younger, and had a lower score on the mental compo-
nent scale the SF-36. When comparing participants that died
during follow-up with completers and dropouts, they had a
higher Medical Research Council scale and BODE index,
more hyperinflation, lower W __ (% pred), and lower 6tMWD

Table | Baseline characteristics of the completers, dropouts, and deaths

Total n=537 Completers Dropouts Deaths P-value P-value P-value
(n=343) (n=156) (n=38) (completer/ (completer/  (dropout/
dropout) death) death)
General
Age (years) 6219 57£10 61£8 0.000 0.807 0.042
Sex (male:female) 170:174 52:103 21:17 0.003 NS 0.048
MRC 3.610.9 3.6£1.0 4.140.8 0918 0.003 0.010
BODE index 4.3+2.0 4.612.2 5.9+2.1 0.358 0.000 0.002
Charlson comorbidity 1.54+0.86 1.51£0.90 1.59+£0.99 0.960 0.924 0.869
index age unadjusted
Chronic use of O, (yes; %)  66; 19 38; 24 10; 26 NS NS NS
Number of exacerbations  4.6+3.3 5.243.6 4.813.6 0.169 0.875 0.871
Number of hospitalizations  |.5+].8 1.8+2.1 2.0+2.1 0.137 0.234 0.863
Pulmonary function
FEV,, L (% pred) 1.12+0.56 (42+18) 1.10£0.54 (42£18)  0.91+£0.40 (34t15)  0.930 (0.978)  0.052 (0.032)  0.111 (0.060)

Tiffenau index, % (% pred)
TLC, L (% pred)
RV, L (% pred)
TLCOC/VA,
mmol/min/kPa/L (% pred)
PaCO, at rest, kPa
PaO, at rest, kPa
Exercise performance
W__, watt (% pred)
6MWD, m
CWR endurance, seconds
Muscle strength
Quadriceps dominant
leg, Nm (% pred)
Quality of life
SGRQ total score, %
SF-36-PCS
SF-36-MCS

34£12 (4416)
7.02£1.59 (121£19)
3.71+1.17 (172153)
0.84+0.31 (58+22)

5.3+0.7
8.8%1.2

45429 (34+19)
370+104
274+183

267492 (79+20)

65%1 |

30.947.1
43.6+11.5

35413 (45+16)
6.90+£1.46 (125£19)
3.73£1.13 (188£58)
0.81+0.34 (53122)

5.4+0.9
8.9+1.3

44231 (3319)
3694111
2954210

256108 (78+23)

67x11

31.6+6.6
384+11.9

33£15 (44+20) 0.805 (0.933)  0.938 (0.948) 0.788 (0.879)
7.08+2.05 (121£23) 0.693 (0.084)  0.976 (1.000) 0.800 (0.492)
427+1.56 (198+62) 0.972 (0.011) 0.016 (0.019) 0.034 (0.573)

0.67+0.28 (48+22)

0.624 (0.055)

0.009 (0.025)

0.054 (0.409)

5.6+0.9 0.140 0.017 0.251

8.4+1.1 0.823 0.113 0.071

32421 (25+15) 0.888 (0.946)  0.026 (0.013) 0.071 (0.032)
309+101 0.994 0.002 0.005
268+171 0.513 0.984 0.743

243179 (77£23) 0.466 (0.790)  0.320 (0.817) 0.744 (0.973)
71+14 0.060 0.008 0.239
30.5+5.8 0.537 0.925 0.626
39.1£12.8 0.000 0.069 0.943

Notes: Data are presented as mean = standard deviation, unless otherwise indicated; P-values <<0.05 are highlighted in bold. ANOVA and Kruskal-Wallis H test (sex and

chronic O,).

Abbreviations: pred, predicted; 6MWD, é-minute walking distance; CWR, constant work rate; FEV,, forced expiratory volume in | second; MRC, Medical Research Council
dyspnea scale; BODE index, Body mass index, airway Obstruction, Dyspnea, Exercise capacity; Nm, Newton meters; NS, nonsignificant; PaCO,, arterial carbon dioxide tension;
PaO,, arterial oxygen tension; RV, residual volume; SF-36-MCS, summary mental component score of the Short Form 36 health survey; SF-36-PCS, summary physical component
score of the Short Form 36 health survey; SGRQ, St George’s Respiratory Questionnaire; TLC, total lung capacity; TLCOc/VA, carbon monoxide transfer factor corrected for
alveolar volume; W, maximal power output on a cycle ergometer.
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than the survivors. In addition, patients who died during
follow-up had a lower diffusion capacity and higher SGRQ
total score compared with completers.

Reduction of exacerbation and

hospitalization frequency

The mean number of exacerbations decreased significantly
after participating in a PRP by 1.37 exacerbations/year (95%
confidence interval 1.029 to 1.717) from 4.5613.26 exacer-
bations in the year preceding PR to 3.1842.53 in the year
following PR (7[342]=7.847, P<<0.0005, d=0.42).

The number of hospitalizations due to exacerbations
decreased significantly by 0.68 hospitalizations/year (95%
confidence interval 0.467 to 0.903) from 1.48%+1.84 in the
year preceding PR to 0.80%1.31 hospitalizations/year in the
year following PR (#[342]=6.184, P<<0.0005, d=0.33).

The mean number of exacerbations, hospitalizations, and
exacerbations out of hospital 1 year before and 1 year after
PR are presented in Table 2 and in Figure 1.

One hundred and ninety-seven of 343 participants
(57.4%) experienced a reduction in total exacerbation
frequency of at least 1 exacerbation, and 163 participants
experienced a reduction of at least 1 hospitalization (47.5%).
For 56 (16.3%) participants, total exacerbation frequency was
unchanged, and for 118 (34.4%) participants, hospitalization
frequency was unchanged. Exacerbation and hospitalization
frequency was increased for 90 (26.2%) and 62 (18.1%)
participants, respectively.

Of the 343 participants, 236 (69%) had frequent exacer-
bations and 107 (31%) had infrequent exacerbations 1 year
before PR. During the year after PR, 185 (54%) participants
had frequent exacerbations and 158 (46%) had infrequent
exacerbations. This change was a consequence of 85 fre-
quent exacerbators becoming infrequent exacerbators and
34 infrequent exacerbators becoming frequent exacerbators.
A McNemar test determined that the difference in the propor-
tion of frequent exacerbators pre- and post-PR was statisti-
cally significant (X?[1]=21.008, P<<0.0005). The proportion
of frequent and infrequent exacerbation type before and after
PR is graphically presented in Figure 2.

Prediction of change in exacerbation

frequency

A hierarchical logistic regression analysis was performed
to ascertain effects of baseline characteristics on the likeli-
hood to change from frequent exacerbator 1 year before
PR to infrequent exacerbator 1 year after PR, testing four
blocks of baseline parameters (age, sex, body mass index
[block one]; forced expiratory volume in 1 second [% pred],
quadriceps force [% pred], W [% pred] [block two]; SGRQ
total score [block three]; and exacerbation frequency in the
year preceding PR [block four]). Although this model was
statistically significant (X?[8]=15.576, P=0.049), only a very
small percentage of 6.6% of the variance could be explained.
Two variables (SGRQ total score and exacerbation frequency
preceding PR) contributed statistically significantly to the
effect, with exacerbations in the year preceding PR account-
ing for the majority of the effect, with an increase of explained
variance from 2.8% to 6.6% after adding the variable to the
model with the previous blocks of variables.

When a similar procedure was performed to ascertain the
effect of the same baseline characteristics on the likelihood
that participants would have at least one exacerbation less in
the year following PR compared to the year preceding PR, the
model was statistically significant (X?[8]=99.419, P<<0.005),
and a larger proportion of the variance was explained (34.1%).
In this model, only exacerbation frequency in the year pre-
ceding PR contributed statistically significantly, showing
an increase of explained variance from 5.3% to 34.1% after
adding the variable to the previous blocks of variables.

A logistic regression model with change from frequent to
infrequent exacerbator as dependent variable and variables
that represent change after PR as independent variables
(change in 6MWD, cycle endurance time, SGRQ total score)
did not reveal any statistically significant variables that might
predict a change from frequent to infrequent exacerbation

type.

Discussion
This study demonstrates a significant reduction in exacerba-
tion and hospitalization frequency after PR. This reduction

Table 2 Exacerbations and hospitalizations | year before and | year after pulmonary rehabilitation (paired samples t-test)

n=343 | year pre-PR | year post-PR Difference P-value Effect size (d)
Exacerbations (total) 4.56+3.26 3.18+2.53 —1.38 0.000 0.42 (medium)
Hospitalizations 1.48+1.84 0.80+1.31 —-0.68 0.000 0.33 (small-medium)
Exacerbations out of hospital 3.07+2.77 2.38+2.12 -0.69 0.000 0.23 (small)

Abbreviations: PR, pulmonary rehabilitation; d, Cohen’s d.
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Figure | Mean number of exacerbations (total), hospitalizations, and exacerbations out of hospital | year before and | year after PR.

Note: *P<<0.0005.
Abbreviation: PR, pulmonary rehabilitation.

largely exceeds the suggested minimal clinically important
difference.’*® Not only was the mean number of exacerba-
tions reduced but there was also a significant reduction in
the proportion of patients that were classified as frequent
exacerbator. Baseline characteristics and change during the
program are not very useful to predict a change in exacer-
bation frequency. However, at baseline, higher exacerbation
frequency in the year preceding PR predicts a larger reduction
in exacerbation frequency in the year after PR. Patients with
a frequent exacerbation phenotype seem to have the largest
potential for reducing the exacerbation frequency and may

m Frequent exacerbations (>2)

Infrequent exacerbations (<2)
P<0.0005

250 ! |
236

N
=3
I=3

185

@
=)

107

Number of participants
)
o

o
=}

1 year before PR 1 year after PR

Figure 2 Frequent and infrequent exacerbations | year before and | year after PR.
Notes: A McNemar test showed that the difference in the proportion of frequent
and infrequent exacerbations before and after PR was statistically significant
(X*[1]=21.008; P<<0.0005).

Abbreviation: PR, pulmonary rehabilitation.

have greater benefits from participation in the PRP on that
long-term outcome. Change in outcome measurements after
completing the PRP did not significantly predict effects on
exacerbation rate.

One of the main advantages of this study is the large
number of severely disabled patients with COPD, with high
impact on physical performance and HRQoL. In a publica-
tion in 2012, Ochmann et al® reviewed 20 studies performed
between 2000 and 2010 that described exacerbation rate
and/or COPD-related health care utilization after PR, with
the number of participants ranging between 24 and 522.
Only three of the 20 studies had more than 200 participants.
These reviewed studies varied considerably in patient char-
acteristics, components of the PRP, and outcome measure-
ments. About half of the 20 studies showed a reduction in
exacerbation rate and/or health care utilization. The number
of hospitalizations preceding PR in these studies is lower
than in our group, ranging from 0.3 to 2 per year whereas, in
our study, the exacerbation rate before PR is higher, with a
mean of 4.56 exacerbations per year. This finding, combined
with low HRQoL, indicates that our population is a severely
disabled group.

Long-term improvement in this population will only be
possible by offering an intensive PRP, where integrated care is
the cornerstone of the program. The importance of reduction
of exacerbation frequency cannot be underestimated; it might
contribute to preservation of quality of life and even survival.
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By influencing exacerbation frequency, we might influence
the natural course of the disease since frequent exacerba-
tions are associated with more rapid lung function decline.’
We believe that the reduction in exacerbation frequency is
influenced by the improvement of self-management and
alterations in health behavior.>!*? Because individualized
action plans without a PRP do not always improve exacer-
bation rates and health care utilization, the integration of
self-management improvement in the PRP seems to be a
key factor to improve health care utilization.**** Increased
awareness of body symptoms and knowledge of symptoms
related to exacerbations was an important part of the program.
Earlier recognition and subsequent treatment of exacerbations
can lead to earlier recovery and probably less recurrence of
exacerbation.’ Although it could also be expected that an
increased awareness of symptoms related to exacerbations
might lead to an increase in exacerbation treatment, this was
not observed. This might indicate that the PRP has caused a
sustained improvement in health-related behavior, possibly
by improving self-management skills and physical activity
in daily life.> In the present study, we do not have data on
pulmonary function or physical performance at 1 year fol-
lowing PR, so we do not know whether these parameters
are associated with a reduction of exacerbation frequency.
The identification of factors that might be associated with
reduction in exacerbation frequency is an interesting area
for future research.

The reduction seen in exacerbation frequency subse-
quently seems to lead to a very significant reduction in
exacerbation-related hospitalization frequency, which has the
potential to reduce health care costs dramatically. We know
that the majority of the costs incurred in chronic respiratory
patients are associated with the costs of hospitalization.’’’
In our study, the total number of hospitalizations for the
whole group decreased from 535 hospitalizations to 344, or
a reduction of 191 hospitalizations.

Baseline characteristics and their change after participa-
tion in the PRP are not very useful predictors for change in
exacerbation frequency. A recent study by Donaldson et al*
also found that a change in exacerbation frequency seems
difficult to predict. This lack of predictors could be explained
because of the heterogeneity of COPD and because the pro-
gram components are individually tailored according to the
observations during the assessment. Because, in the present
study, we did not record the content and duration of individual
components, it is not possible to correct for this.

One of the limitations of our study is the absence of a
control group. However, because in a Cochrane review, PR

has been proven to be effective, at least on the short term, this
eliminates the need for randomized studies.! Our population
is very severely impaired and experiences a major impact
on quality of life, so we believe it is unethical not to offer
a proven intervention to these patients. This also points to
another possible limitation: our population is a selected group
for which the high rate of exacerbation and hospitalization
frequency is one of the main reasons for referral to our cen-
ter. The increase in exacerbation and hospitalization rate in
the year before PR might be incidental, and we do not know
what the natural course of the disease in these patients might
be. However, there are indications that patients with frequent
exacerbations have a more rapid deterioration in health status,
so it seems unlikely that, without intervention, the exacerba-
tion rate would be spontaneously reversed.*!

The number of dropouts during the follow-up period is
significant but can be expected in a long-term observational
study, with the majority of the participants experiencing a
severely impaired health status. Significant differences in
patient characteristics at baseline between completers and
dropouts that might predict dropout are limited. Specifically,
there are no significant differences in comorbidity or in
exacerbation or hospitalization frequency in the year pre-
ceding PR. Differences in change in outcome during the
PRP between completers and dropouts are limited, which
means that the absence of improvement is unlikely to predict
dropout.

The recorded exacerbations and hospitalizations are
self-reported, which might lead to under or overreporting.
Data regarding the year preceding PR were retrospectively
recorded by asking the participants about the frequency
of these events at initial assessment, after informing the
participants of the definition of exacerbation. This informa-
tion was verified again by a respiratory nurse at the start
of the PRP. Because the definition of exacerbations was
treatment based, and information was verified twice, we
believe that potential bias is limited. In case there would
be a bias, we would rather expect an undercount of events
pre-PR since participants have to recall information over
a year. Despite this, there is a significant reduction in
events post-PR. The data in the year following PR were
collected prospectively by asking the participants to record
the exacerbation and exacerbation-related hospitalization
frequency on a questionnaire sent to the participants at
3, 6, and 12 months post-PR. Because participants were
informed that they would be asked about the occurrence
of these events, the potential for underreporting seems to
be limited.
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Conclusion

In conclusion, participation in a comprehensive PRP is
associated with a significant reduction in self-reported
exacerbation rate and exacerbation-related hospitalization
rate in the year following PR. This might positively influence
the progression of the disease, despite severely impaired
health status of the participants at inclusion. The observed
reduction in exacerbation rate might lead to a substantial
reduction in health care utilization, with positive effects
on health care costs. Future research should be directed
to an evaluation of factors that might be associated with
reduction in exacerbation and hospitalization frequency.
This could lead to development of more specific PR com-
ponents and maintenance strategies, in order to further
improve long-term outcomes in this group of patients.
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