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Abstract  
Introduction  
Pulmonary rehabilitation (PR) improves exercise capacity, functional status, and 
health-related quality of life in patients with chronic obstructive pulmonary disease 
(COPD). However, these benefits often decline over time, necessitating repeated PR. 
Evidence regarding the effectiveness of repeated PR on clinical outcomes remains 
limited. This study evaluated the effects of a second PR program on functional, physical, 
and patient-reported outcomes in patients with COPD. 

Methods  
Data from patients with COPD who completed two PR programs (PR1 and PR2) at Ciro, 
Horn, the Netherlands, between January 2005 and September 2022 were retrospectively 
analyzed. Outcomes included exercise capacity (constant work rate test [CWRT]), 
quadriceps muscle strength (isokinetic quadriceps strength [IQS]), functional capacity 
(6-minute walk distance [6MWD]), and patient-reported outcomes using the COPD 
Assessment Test (CAT), St. George’s Respiratory Questionnaire (SGRQ), Hospital Anxiety 
and Depression Scale (HADS), and Canadian Occupational Performance Measure (COPM). 

Results  
Of 7,984 PR records, 429 patients (858 PR records) met the inclusion criteria (54% men; 
mean age 62.5±8.1 years; FEV₁ 43.5% predicted). Significant improvements were 
observed following both PR programs, including 6MWD (PR1: Mean Difference [MD] 37.0 
m, 95% Confidence Interval [CI] 29.2–44.8; PR2: MD 27.0 m, 95% CI 19.2–34.8) and IQS 
(PR1: MD 10.4 Nm, 95% CI 8.4–12.4; PR2: MD 8.6 Nm, 95% CI 6.6–10.6), as well as for 
CWRT, CAT, SGRQ, HADS, and COPM (all p < 0.05). Improvements in 6MWD and IQS 
were significantly greater after PR1 than PR2 (p < 0.05). All outcomes declined 
significantly between completion of PR1 and initiation of PR2 (p < 0.05). 

Discussion  
Although improvements following repeated PR were smaller than those after the initial 
program, clinically meaningful gains were achieved across multiple outcomes, supporting 
the value of repeated PR in patients whose health status deteriorates over time. 

Conclusion  
Repeated PR effectively improves functional capacity, muscle strength, exercise 
performance, and patient-reported outcomes in patients with COPD. Strategies to sustain 
PR benefits after program completion should be prioritized. 
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INTRODUCTION 

Pulmonary rehabilitation (PR) is a well-established and 
fundamental component in the management of patients 
with chronic obstructive pulmonary disease (COPD).1 It has 
been shown to improve physical and psychological func
tioning in patients with COPD.1‑4 Moreover, PR enables pa
tients to acquire the necessary knowledge and skills to ac
tively manage their own care, promote health-enhancing 
behaviours, and regain a degree of independence.5‑7 As a 
result, it is nowadays considered a standard of care that is 
recommended for symptomatic patients with COPD.8‑10 

Unfortunately, not all patients can maintain post PR sta
tus over time due to various reasons, such as progression 
of the disease and/or its comorbidities, following disease 
exacerbation or hospitalization, loss of motivation and/or 
failure to establish post PR exercise habits.11‑14 Another 
important non-patient-related factor may be the lack of re
imbursed supervised post PR maintenance programs. These 
patients eventually become candidates for a repeated PR 
program. However, international clinical practice guide
lines have been unable to recommend a program model for 
maintenance following PR due to a lack of evidence. Ac
cording to recent reviews, the time between the first PR 
program completion and a repeated PR ranges from 12 to 
45 months.2,15 Usually, patients tend to be referred for a re
peated PR program if they have a worsening functional ca
pacity, an exacerbation, and/or recent hospitalization.16 

Previous studies have investigated the effectiveness of 
repeated PR programs among patients with COPD. How
ever, these studies mostly utilized a limited number of pa
tients (n=35 to 141)3,17‑20 and/or mainly reported the six-
minute walk distance (6MWD) as an outcome measure.16,21 

To provide more robust evidence for the effectiveness of a 
repeated PR program, the present study aimed to report on 
exercise capacity, muscle function, functional capacity, and 
patient-reported outcome measures in a large sample of pa
tients with COPD who underwent two PR programs. A pri
ori, it was expected that a repeated PR program would again 
result in improvements in health outcomes in patients with 
COPD. Moreover, physical and psychological functioning at 
baseline of a second PR program (PR2) was expected to be 
lower than post first PR (PR1). 

METHODOLOGY 

DESIGN AND POPULATION 

This is a retrospective analysis of patients with COPD who 
were referred to PR in Ciro (Horn, the Netherlands) be
tween January 2005 and September 2022. The medical 
ethics committee of the University Hospital Maastricht and 
Maastricht University approved the use of retrospective 
data (METC azM/UM 2022-3392), stating that the Medical 
Research Involving Human Subjects Act (WMO) did not ap
ply to the current study. All patients who had completed 
both pre and post PR assessments (based on the 6MWD and 
other outcomes) in the first and second PR programs were 
considered for further analyses. 

PULMONARY REHABILITATION PROGRAM 

Ciro provides an advanced interdisciplinary state-of-the-
art PR program for patients with COPD based on interna
tional recommendations and guidelines.22 Generally, Ciro 
only accepts patients with COPD with high symptom bur
den for an 8-week in-patient PR. Patients with low symp
tom burden only come to Ciro for assessment before at
tending outpatient PR in any of the designated centers 
affiliated to Ciro in the Netherlands. The 8-week treatment 
program that is offered is adjusted to the needs of each 
patient according to the pre-PR assessment outcomes.23,24 

The interventions include exercise training (treadmill walk
ing, stationary cycle ergometry, strength training, flexibil
ity and balance training, general physical exercise for lower 
and upper extremities, supervised outdoor walks, and/or 
neuromuscular electrical stimulation), occupational ther
apy, dietary intervention, psychosocial counselling, educa
tion, smoking cessation and exacerbation management as 
previously reported.22,25 

OUTCOMES 

All patients with COPD referred to Ciro for PR undergo 
a thorough pre-PR assessment as described earlier.22 For 
this study, the dataset containing information on the pre-
assessment before and after the first and second PR for 
each patient per outcome was used. The following data/
outcomes of patients with COPD were retrieved from the 
electronic patient records: patient characteristics (sex, age 
and body mass index [BMI; body weight in kilograms di
vided by height in squared meters, kg/m2]); spirometry 
(forced expiratory volume in the first second [FEV1]; 
6MWD; constant work rate test (CWRT) at 75% of the peak 
cycling load; isokinetic quadriceps strength (IQS) and mus
cle endurance as measured with a Biodex (Biodex System 4 
Pro, Biodex Medical Systems, Inc., NY); COPD Assessment 
Test (CAT), Hospital Anxiety and Depression Scale (HADS), 
St. George’s Respiratory Questionnaire (SGRQ), Canadian 
Occupational Performance Measure (COPM) and modified 
Medical Research Council (mMRC) dyspnea scale. 

DATA ANALYSES 

Patient characteristics were summarized using descriptive 
statistics. Linear mixed models were performed to analyze 
changes in continuous outcomes after checking that all as
sumptions for using the analyses were met. Fixed effects in
cluded timepoint (start/end PR), rehabilitation cycle (first/
second) and their interaction, with a random intercept for 
subject. Models were estimated using restricted maximum 
likelihood (REML), with Satterthwaite approximation for 
degrees of freedom. Estimated marginal means with Bon
ferroni correction were used for post-hoc analyses. The 
level of statistical significance was set at ≤ 0.05, and all 
analyses were conducted using IBM SPSS Statistics, version 
28.0. 
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Figure 1. Flow chart of patients with COPD enrolled in the repeated pulmonary rehabilitation             

RESULTS 

GENERAL CHARACTERISTICS OF PATIENTS WITH COPD 

Between 2005 and 2022, 7,984 PR records, of which some 
patients with COPD were enrolled in one or more PR pro
grams, were obtained. Of these, 429 patients (equivalent to 
858 or 10.6% of available PR records) attended and com
pleted a first and a second PR program (see  Fig. 1 ).  

Baseline characteristics are listed in Table 1 . Approxi
mately half of the patients were women. The mean BMI was 
within the normal range, and patients had mild to very se
vere COPD. Moreover, most patients had severe dyspnea, a 
poor exercise capacity, lower-limb muscle weakness, activi
ties of daily living (ADL) limitations, and an impaired qual
ity of life. 

CHANGES IN RESPONSE IN PATIENTS WITH COPD 
FOLLOWING TWO PR PROGRAMS 

The mean time between completion of the first PR program 
(PR1) and enrollment in the second PR program (PR2) was 
2.6±1.2 years. The results show significant improvements in 
6MWD (Table 2 & Fig. 2), IQS, CWRT endurance time, CAT, 
SGRQ, HADS anxiety and depression, and COPM measures 
after both PR1 and PR2 (p < 0.05; Table 2 ). As indicated in 
Table 2, improvements were significantly higher during PR1 
compared to PR2 for 6MWD (37 vs 27 m; p < 0.001; Fig. 2 ) 
and IQS (10.4 vs 8.6 Nm; p < 0.029; Fig. 3 ). Improvements 
of all other outcome measures were comparable across both 
PR programs (p > 0.05). Also, patients showed a significant 
decline between post PR1 and baseline PR2 (p < 0.05; Table 
2; Fig. 2; Fig. 3). 

DISCUSSION 

The main aim of this study was to report on the effective
ness of a repeated PR program in patients with COPD. The 
second course of PR was associated with substantial im
provements in patients’ outcomes that were overall com
parable to the first PR outcomes, suggesting that the ther
apeutic effects of PR are reproducible. The study results 
also indicated that the benefits gained from PR programs 
were largely lost at the start of a subsequent PR program. 
This finding further emphasizes the need for maintenance 
programs after PR completion in patients with COPD. This 
is also in line with earlier studies indicating that benefits 
from previously attended PRs can be lost over time.2,16,19 

The findings of this study have reinforced the estab
lished role of PR as an important aspect of COPD manage
ment and support the utility of offering repeated programs 
for patients with COPD, who experience clinical deteriora
tion or functional decline over time.7,20 A key aim of PR 
is to equip patients with the skills needed to self-man
age their condition and maintain independence.7 However, 
not all patients are able to preserve these post PR gains 
over time due to disease progression, comorbidities, phys
ical deconditioning, or non-disease-related factors such as 
reduced motivation.15,20 The consistent improvements in 
assessed outcome measures across successive PR programs 
indicate that patients continue to derive tangible benefits, 
even after completing a second PR program. 

Similar to previous studies, patients with COPD who at
tended two PR programs demonstrated greater improve
ments in functional capacity and muscle function during 
the first PR compared with the second PR.2,9,15 This may 
be explained by disease progression, a ceiling effect in the 
improvement that can be obtained or aging. Our study re

Effectiveness of repeated pulmonary rehabilitation in patients with chronic obstructive pulmonary disease

Canadian Journal of Respiratory Therapy 219



Table 1. Baseline characteristics of the participants during the start of the first PR (N = 429)                

Variables % or M±SD 

Sex, male 54.2 

Age, years 62.5±8.1 

BMI, kg/m2 25.8±5.5 

Pulmonary function 
FEV1, L 
FEV1, % predicted 
FVC, L 
FVC, % predicted 

1.17±0.50 
43.5±16.7 
3.18±1.00 
92.2±20.5 

COPD classification (GOLD) 
Stage I (mild) 
Stage II (moderate) 
Stage III (severe) 
Stage IV (very severe) 

3.6 
25.1 
49.6 
21.7 

Functional capacity 
6MWD, m 
6MWD, % predicted 

422±118 
62.2±16.4 

Muscle function 
Isokinetic quadriceps strength, Nm 
Isokinetic quadriceps strength, % predicted 

90.9 ±34.4 
67.0±17.8 

Maximal exercise capacity 
VO2 max, mL/min 
VO2 max % predicted 
Work rate, W 
Work rate, % predicted 

1103±343 
56.0±32.6 
69±29 
53.9±23.3 

CWRT, s 292±220 

CAT score, points 23.1±5.8 

mMRC, points 
Grade 0 
Grade I 
Grade II 
Grade III 
Grade IV 

3.2±1.1 
3.1 
23.3 
38.2 
17.8 
17.6 

SGRQ, points 58.3±15.1 

HADS Anxiety, points 
≥8 points, % 

7.6±4.2 
45.9 

HADS Depression, points 
≥8 points, % 

7.3±3.8 
46.0 

COPM Performance, points 4.0±1.38 

COPM Satisfaction, points 3.2±1.67 

Notes: M: mean; SD, standard deviation; %, percentage; Nm, Newton meter; CAT, COPD Assessment Test; SGRQ, St. George Respiratory Questionnaire; mMRC, modified Medical Re
search Council dyspnea scale; 6MWD, Six-minute walk distance; FEV1, Forced expiratory volume in first second; FVC, forced vital capacity; VO2 max, maximal oxygen uptake; CRWT, 
constant work rate test; COPM, Canadian Occupational Performance Measure; HADS, Hospital Anxiety and Depression Scale; GOLD, Global Initiative for Chronic Obstructive Lung 
Disease; BMI, body mass index; L, liters; kg, kilogram; m, meter; mL, milliliter; min, minute; W, watt; s, seconds; 

sults also showed that both the 6MWD and IQS were worse 
at the start of the second PR compared to the first. Studies 
have indicated that when patients are more deconditioned, 
symptomatic, and functionally limited, there is a greater 
scope for improvement.19,26 In our study, the first PR 
elicited stronger physiological adaptations compared to the 
second PR. Indeed, some patients may be more motivated 
and receptive during their first exposure to PR interven
tions.19,26 

The results of the study also revealed that improvements 
from PR were similar across most other outcome measures 
reported among patients who attended the second PR pro
gram. More importantly, the average improvements 
recorded for most of the outcomes exceeded the minimal 

clinically important differences (MCIDs) for patients with 
COPD as earlier identified: 6MWD (+25 meters), SGRQ (-4 
points), CAT (ranges between -3.0 and -2.0 points), HADS 
anxiety score (ranges between -1.8 and -1.3 points), HADS 
depression score (ranges between -1.7 and -1.5 points), IQS 
(+4 Nm), and COPM (+2 points) measures.27‑32 This sus
tained responsiveness of patients with COPD to PR, as seen 
in this study, is proof that the effects of PR on several para
meters do not plateau over time, as earlier opined.20 There
fore, re-enrollment of COPD patients in PR, when clinically 
indicated, appears to be a valuable therapeutic option. 

In addition, the results of this study have shown that 
psychological outcomes can improve significantly following 
two successive PR programs. This is particularly noticeable 
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Table 2. Outcomes before and after two PR programs        

Outcomes N Pre_PR1 
M±SD 

Post_PR1 
M±SD 

MD_PR1 
M±SE 

(95% CI) 

Pre_PR2 
M±SD 

Post_PR2 
M±SD 

MD_PR2 
M±SE 

(95% CI) 

Age, years 429 62.5±8.2 65.0±8.1 

FEV1, % 
predicted 

399 43.5±16.7 44.0±16.7 0.41±0.39 
(−0.35 to 

1.17) 

39.5±16.8 40.0±17.2 0.55±0.39 
(−0.21 to 

1.31) 

6MWD, m 429 422±118 459±110a 37±4*# 

(29.16 to 
44.84) 

377±118a, b 404±112c 27±4* 
(19.16 to 

34.84) 

IQS, Nm 351 90.6±34.4 101.1±34.9a 10.4±1.0*# 

(8.44 to 
12.36) 

89.1±34.0b 97.7±34.3c 8.6±1.0* 
(6.64 to 
10.56) 

CWRT, s 389 295±221 512±371a 219±17*# 

(185.68 to 
252.32) 

275±187b 467±348c 192±18* 
(156.72 

to 
227.28) 

CAT, points 139 22.9±5.8 19.1±6.7a -4.0±0.5*# 

(−4.98 to 
−3.02) 

22.9±6.5b 20.0±6.6c -2.7±0.4* 
(−3.48 to 

−1.92) 

Total SGRQ, 
points 

253 57.5±15.8 52.9±15.9a -4.8±0.8*# 

(−6.37 to 
−3.23) 

63.1±13.5a,b 58.4±13.7c -4.1±1.1* 
(−6.26 to 

−1.94) 

Anxiety, 
points 
Anxiety, ≥8 
points 

370 
167 

7.6±4.2 
11.4±2.8 

6.2±4.0a 

8.8±3.9 a 
-1.3±0.2* 
(−1.69 to 

−0.91) 
-2.6±0.3* 
(−3.19 to 

−2.01) 

7.6±4.5b 

11.3±2.9 b 
6.2±4.3c 

8.7±4.0 c 
-1.4±0.2* 
(−1.79 to 

−1.01) 
-1.6±0.3* 
(−2.19 to 

−1.01) 

Depression, 
points 
Depression, 
≥8 points 

368 
169 

7.3±3.8 
10.7±2.4 

5.8±3.9a 

8.0±3.8 a 
-1.5±0.2* 
(−1.89 to 

−1.11) 
-2.7±0.3* 
(−3.29 to 

−2.11) 

7.6±4.1b 

9.7±3.7 a,b 
6.2±4.1c 

7.7±4.5 c 
-1.3±0.2* 
(−1.69 to 

−0.91) 
-1.5±0.3* 
(−2.09 to 

−0.91) 

COPM 
Performance, 
points 

362 4.0±1.4 6.4±1.6a 2.4±0.1* 
(2.20 to 

2.60) 

3.9±1.3b 6.2±1.6c 2.3±0.1* 
(2.10 to 

2.50) 

COPM 
Satisfaction, 
points 

361 3.2±1.6 6.4±1.9a 3.2±0.1* 
(3.00 to 

3.40) 

3.3±1.6b 6.2±2.0c 2.9±0.1* 
(2.70 to 

3.10) 

Notes: M: mean; SD, standard deviation; SE, standard error; %, percentage; N, frequency; MD, mean difference; IQS, Isokinetic quadriceps strength; Nm, Newton meter; CAT, COPD 
Assessment Test; SGRQ, St. George Respiratory Questionnaire; 6MWD, Six-minute walk distance; m, meter; COPM, Canadian Occupational Performance Measure; s, seconds; * p < 
0.05 pre vs. post PR scores; # p < 0.05 MD PR 1 vs. MD PR2; ap < 0.05 vs. Pre PR1; b p < 0.05 vs. Post PR 1; c p < 0.05 vs. Pre PR2. 

in our results, indicating better improvement among the 
subgroup of patients with COPD who report worse psycho
logical symptoms at the start of each PR program. Gen
erally, the attention that patients obtain from their care 
providers and the peer support of other patients during PR 
could explain some of the improvement in psychological 
outcomes.33 Nevertheless, specific psychological interven
tions such as cognitive behavioural therapy offered to se
lected patients undertaking PR can facilitate their adjust
ment process via encouraging adaptive thoughts and 
behaviours and diminishing negative emotions in a socially 
supportive environment.34 These psychological interven
tions during PR are known to enhance cognitive function
ing and psychological well-being.35 Moreover, improve
ments in these outcomes were observed during both PR 
programs. 

Furthermore, repeated PR programs offer patients on
going engagement with healthcare professionals, as well 
as peer and structured support. This is likely to contribute 
to the consistent outcomes in this study, as earlier sug
gested.35 Two systematic reviews have also highlighted the 
positive impact of supervised exercise-based maintenance 
programs following PR in patients with COPD. This in
cludes a reduction in healthcare utilization and improve
ment in exercise capacity due to reinforcement techniques, 
education, and self-management strategies that take place 
during PR programs.14,36 Lastly, even though GOLD recom
mends PR for more symptomatic patients,10 it is important 
to note that about a quarter of our study population were 
patients with fewer symptoms (mMRC 0 and 1). 
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Figure 2. Mean and standard deviation of 6MWD at the         
start and end of the first and second PR programs over            
2.6 years   
ap < 0.05 vs. Pre PR1; bp < 0.05 vs. Post PR 1; cp < 0.05 vs. Pre PR2 

0 25 50 75 100 125 150
0

20

40

60

80

100

120

140

Time (weeks)

IQ
S 

(N
m

)

a

b

a,c

Figure 3. Mean and standard deviation of IQS at the         
start and end of the first and second PR programs over            
2.6 years   
ap <0.05 vs. Pre PR1; bp <0.05 vs. Post PR 1; cp < 0.05 vs. Pre PR2 

METHODOLOGICAL CONSIDERATIONS 

The major strength of this study is the relatively large sam
ple of patients with COPD and the large number of out
comes available for analysis compared with existing stud
ies. Nevertheless, this study has the following limitations. 
For example, the study used routine care data over a 
17-year period, during which some institutional changes, 
such as updates to patient assessment tools, occurred over 

time. Our decision to include only patients who completed 
PR programs (based on the available start and end assess
ment scores for the study outcomes) and to use a linear 
mixed model analysis has yielded the true effect of the in
tervention. This resulted in selection bias, as the analyses 
focused only on patients with records showing completion 
of a first and a second PR program (about 10.6% of the 
total records available). Furthermore, insurance companies 
in the Netherlands usually set a minimum time between 
PRs (about 1.5 years). This implies that the current sample 
may not reflect the study population. Nevertheless, we rec
ommend future prospective studies to identify patient sub
groups that may benefit most from multiple PRs, as well as 
to assess cost-effectiveness, exacerbation, and hospitaliza
tion rates. We also note that we had no record of what pa
tients did after completing each PR program. As a general 
institutional rule, all patients receive a referral for primary 
care physiotherapy after completing PR; however, it is un
known whether they actually adhere to this referral. There
fore, we strongly recommend that these patients continue 
to receive structured (supervised and unsupervised com
bined) paid aftercare/maintenance programs.1,37 We also 
did not take into account in this analysis the smoking status 
of the patients and whether they had any history of exacer
bation/hospitalization (which is also a factor that may ex
plain decline over time) between PRs. 

Future studies should monitor patients after PR1 or PR2 
who transition to home-based or tele-rehabilitation to de
termine whether benefits are maintained. Research should 
also establish the optimal duration and frequency of PR, as 
well as the appropriate interval for repeated programs. In 
addition, identifying patient characteristics associated with 
greater benefit from repeated PR could support more indi
vidualized decisions about who should receive repeated re
habilitation and when. 

CONCLUSION 

Our findings suggest that repeated PR programs can be 
effective in improving functional capacity and other out
comes in patients with COPD. The current data suggest that 
if needed, a repeated PR can have a significant positive im
pact. 
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