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Summary. Chronic obstructive pulmonary disease (COPD) is a major health issue, particularly in aging peo-
ple. Despite an increasing availability of drugs to treat COPD, recent data indicate that an actual control of 
the disease is achieved in a minority of  patients. This makes apparent that additional treatments of COPD 
should be taken into account, such as pulmonary rehabilitation (PR), which was introduced in the 1960s and 
has large evidence of clinical effectiveness. PR is a non-pharmacologic therapy based on a comprehensive, 
multidisciplinary, patient-centered intervention comprising exercise training, self-management education and 
psychosocial support. PR treated patients develop an increased exercise tolerance and quality of life, reduced 
dyspnea and anxiety, and are concerned by less hospital admissions for disease exacerbations. Notwithstand-
ing, the use of PR in COPD patients is negligible, being globally estimated in 2-5%. Here we update the 
evidence in favor of PR and the actual need to consider it as a treatment to be considered for COPD patients 
with significant impairment in daily living activities. (www.actabiomedica.it)
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U p d a t e

Introduction

Chronic obstructive pulmonary disease (COPD), 
as defined by the updated Global initiative for chronic 
Obstructive Lung Disease (GOLD) guidelines “is 
a common, preventable, and treatable disease that is 
characterized by persistent respiratory symptoms and 
airflow limitations that are due to airway and/or al-
veolar abnormalities usually caused by significant 
exposure to noxious particles or gases” (1). COPD 
is a significant burden to patients, particularly ag-
ing people, and society, that is especially associated 
to dyspnea, with an increasing impairment on daily 
living activities and quality of live resulting from the 
disease progress, and a mortality estimated in more 
than 3 million people worldwide per year (2). In front 
of an increasing availability of drugs to treat COPD, 

according to a recent review “Current therapies pro-
vide only limited short-term benefit and fail to halt 
progression” (3). Actually, the two pivotal studies To-
ward a Revolution in COPD Health (TORCH) (4) 
and Understanding Potential Long-term Impacts on 
Function and Tiotropium (UPLIFT) (5) had a limited 
success. Namely, though both treatments decreased 
exacerbations and hospitalization rates, the salmet-
erol and fluticasone combination reduced over 3 years, 
compared to placebo, the decline in lung function but 
not the all cause mortality, while the treatment with 
tiotropium over 4 years did not significantly slow the 
decline in lung function, while reducing mortality (6). 
In a recent survey on 3672 COPD patients from US 
and Europe under a standard of care drug treatment, 
more than 80% reported to experience at least one 
symptom “often”, and 70% of patients reported some 
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level of non-adherence (7). Thus, it is apparent that 
additional treatments of COPD should be taken into 
account. Among these, pulmonary rehabilitation (PR), 
which was introduced in the 1960s, has large evidence 
of clinical benefit (8). In presenting PR to family phy-
sicians, Nici et al. defined it as a “nonpharmacologic 
therapy that has emerged as a standard of care for pa-
tients with COPD” that is based on a comprehensive, 
multidisciplinary, patient-centered intervention com-
prising exercise training, self-management education 
and psychosocial support, and resulting in an increased 
exercise tolerance, reduced dyspnea and anxiety, re-
duced hospital admissions for disease exacerbations, 
and improvement in health-related quality of life 
(HRQoL (9). Despite such background, the num-
ber of COPD patients undergoing PR is negligible, 
being globally estimated in 2-5% (10). For example, 
in US the analysis of data for Medicare beneficiaries 
with COPD who received PR from January 1, 2003, 
to December 31, 2012, showed that patients receiving 
PR increased from 2.6% in 2003 to 3.7% in 2012, but 
the improved use of PR was attributed to prior users 
more than new users of PR (11). It is not rare that less 
than 1% of COPD patients undergo PR each year, as 
reported for example from New Zealand, where this 
low rate of participation occurred even though PR was 
provided in 19 of 21 District Health Boards regions 
(12).

Here we update the evidence in favor of PR and 
the actual need to consider it as a treatment to be per-
formed in COPD patients with impairment in daily 
living activities

Evidence of PR effectiveness as assessed by meta-
analyses

The highest grade of scientific evidence for medi-
cal treatments is provided by positive systematic re-
views and meta-analyses. The first meta-analysis 
on randomized controlled trials of PR (with control 
groups receiving no rehabilitation), in patients with 
COPD was performed in 1996. Significant improve-
ments were found for all the outcomes, though dysp-
nea and better control over COPD were mentioned as 
clinically important, while the value of the improve-
ment in exercise capacity was not clear (13). From 
2002 to 2015 three Cochrane meta-analyses were 
published. Their main data are summarized in table 
1. Actually, the first meta-analysis reanalyzed by the 
Cochrane database systematic review methods the 
same trials previously assessed, with similar conclusion 
but a final statement mentioning that “Rehabilitation 
forms an important component of the management of 
COPD” (14). In the 2006 meta-analysis, adding 8 fur-
ther trials, the conclusion were that “ Rehabilitation 
relieves dyspnea and fatigue, improves emotional func-
tion and enhances patients’ sense of control over their 
condition”, with the same final statement reported 
above (15). The 2015 meta-analysis, based on 65 trials, 
due the further confirmation of the positive outcomes, 
has lead the authors to write “It is our opinion that 
additional RCTs comparing pulmonary rehabilitation 
and conventional care in COPD are not warranted”. 
Indeed, because some studies included in the analy-
sis addressed community-based programs, the authors 

Table 1. Main data from Cochrane meta-analyses on pulmonary rehabilitation in COPD

Author, year [ref ]	 Number of trials included  	 Weighted mean difference
	 in the analysis	

Lacasse et al, 2002 [13]	 23 	 Dyspnea score: 0.98 units, 95% Confidence Interval (95% CI) 
		  0.74 - 1.22 units; n=9 trials. 
		  6- minute walking distance: 49 m, 95% CI: 26 - 72 m; n=10 trials.

Lacasse et al. 2006 [14]	 31	 Dyspnea score: 1.0 units; 95% confidence interval: 0.8 to 1.3 units; 
		  n = 12 trials). 
		  6-minute walking distance: 48 meters; 95% CI: 32 to 65; n = 16 trials).

McCarthy et al. 2015 [15]	 65	 Dyspnea: 0.79, 95% confidence interval (CI) 0.56 to 1.03; n = 19 trials
		  6-minute walking distance 43.93, 95% CI 32.64 to 55.21; n = 38 trials
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suggested “Future research studies should focus on 
identifying which components of pulmonary rehabili-
tation are essential, its ideal length and location, the 
degree of supervision and intensity of training required 
and how long treatment effects persist (16). In fact, 
in 2014 a meta-analysis of 18 trials on home-based 
pulmonary rehabilitation programs was published, 
with data comparison between treated and untreated 
patients suggesting this kind of PR as an effective 
therapeutic intervention to relieve COPD-associated 
respiratory symptoms and improving HRQoL and 
exercise capacity (17). However, a recent meta-anal-
ysis compared hospital (outpatients) and home-based 
exercise training rehabilitation programs for COPD. 
Ten trials were analyzed, with low to moderate evi-
dence that outpatient and home-based exercise train-
ing programs are equally effective (18). Therefore, the 
suitability to apply home-based PR with an expected 
outcome comparable to outpatients programs needs to 
be investigated by large-scale controlled trials to iden-
tify the most favorable standard program (17). 

Another issue in search of elucidation is the ef-
fectiveness of PR in patients with mild COPD. Two 
meta-analyses are available. The authors of the first 
meta-analysis, including 3 studies with different de-
signs (retrospective, one group pretest-posttest, and 
randomized controlled trial) concluded that most of 
the PR programs had positive effects on exercise ca-
pacity and HRQoL in patients with mild COPD, but 
the evidence was insufficient and studies with robust 
designs and with longer follow-up should be conduct-
ed (19). The second meta-analysis, including 4 rand-
omized controlled trials, found a clinically and statisti-
cally significant improvement in short-term HRQoL, 
but not at the follow-up. There was an improvement in 
the 6-minute walk test with PR, though not consid-
ered clinically relevant. The data for muscle strength 
and maximal exercise capacity were insufficient for 
meta-analysis (20). 

Also the capacity of PR to reduce COPD exac-
erbations was evaluated in three Cochrane meta-anal-
yses. The first included 6 trials and showed that PR 
significantly decreased hospital admissions (odds ratio 
0.13 (95% CI 0.04 to 0.35)), number needed to treat 
(NNT) 3 (95% CI 2 to 4) over 34 weeks, and mortal-
ity (odds ratio 0.29 (95% CI 0.10 to 0.84), NNT 6 

(95% CI 5 to 30) over 107 weeks) (21). In the 2011 
update, 9 trials were analyzed, the figures confirming 
the significant reduction of hospital admissions (odds 
ratio 0.22 (95% CI 0.08 to 0.58)), NNT 4 (95% CI 
3 to 8) over 25 weeks) and mortality (OR 0.28; 95% 
CI 0.10 to 0.84), NNT 6 (95% CI 5 to 30) over 107 
weeks) (22). In the latest meta-analysis the number of 
selected studies was more than doubled, but the PR 
programs used in the 20 studies showed large variety 
in terms of exercise training (type, intensity and su-
pervision), patient education (from none to extensive 
self-management programs) and kind of organization 
(one setting or various settings, e.g. hospital, outpa-
tient centre and home). Such heterogeneity prevented 
to reach firm conclusions on the PR effects on hospital 
readmissions and mortality, and the authors claimed 
future research on the influence of PR programs in 
terms of exercise sessions, self-management education 
and other components affecting the outcomes (23).

Issues to be highlighted 

Effects of PR on pulmonary function 

Most studies on effectiveness of PR in COPD 
focused the interest on the improvement of HRQoL 
and physical performance and reduction of dyspnea, 
while pulmonary function, although obviously related 
to bronchial obstruction, was rarely included as a meas-
ure of efficacy. Stav et al. assessed the efficacy of a 3 year 
outpatient PR program in 80 patients with moderate 
to severe COPD, measuring pulmonary function and 
exercise capability, at 6, 12, 18, 24, 30, and 36 months. 
The control group received standard care only. The de-
cline in forced expiratory volume in 1 second (FEV1) 
after the 3 years was significantly lower in the PR group 
compared to control, corresponding to 74 ml versus 149 
ml (p<0.001), and maximal sustained work and endur-
ance time improved early and was maintained all over 
the study with PR, but not in the control group (24). 
In the study named FEV1 as an Index of Rehabilita-
tion Success over Time (FIRST), the effects of PR on 
lung function were evaluated in 257 COPD patients 
treated with inhaled corticosteroids or long-acting β2-
agonists and/or tiotropium during a 3-year duration of 
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PR, compared with 67 patients treated only with drugs. 
Lung function was measured at baseline and at one-
year intervals. In the PR group, FEV1 increased from 
1240 mL (57.3% of predicted value) to 1252.4 mL 
(60.8%) after 3 years, whereas in the controls the val-
ues were 1367 mL (55% of predicted) at baseline and 
1150 mL (51%) after 3 years (p<0.001) (25). The au-
thors claimed for confirmation of such outcome from 
randomized trials. However, thus far only in the meta-
analysis on randomized controlled trials of home-based 
PR for COPD patients pulmonary function (measured 
by FEV1/forced vital capacity) was found to be signifi-
cantly better (p< 0.0001) after 12 weeks of intervention 
compared with the nonintervention control group (17). 
Another pulmonary function index is tidal volume, that 
in an analysis of three studies, which were based on 
training at high intensity (70%-80% maximum work-
load) in PR treated patients with moderate to severe 
stable COPD, was significantly improved in patients 
with reduced dyspnea (26).

Outcome of PR according to the severity of COPD

An impact of COPD severity on the clinical suc-
cess of PR would be of obvious importance. In a study 
on 167 COPD patients undergoing PR, each subject 
was classified into one of 4 categories A, B, C, and D, 
according to exercise capacity, respiratory symptoms 
and health status. The groups were homogeneous in 
age, body mass index, smoking pack-years, and co-
morbidities. Significant improvements in all outcomes 
were detected, with categories A and C showing a 
more pronounced improvement in exercise capacity 
and symptoms. However, despite these differences, 
the likelihood to have a minimum clinically important 
difference in each outcome was similar for all catego-
ries when compared (27). Another study prospectively 
compared the benefit obtained by PR in 229 COPD 
patients according to baseline disease burden. Subjects 
were divided into 4 quartiles by their baseline level of 
dyspnea, FEV1 percent predicted and 6-minute-walk 
distance, with change in HRQoL (as assessed by the 
SF-36 questionnaire) being the primary outcome. Af-
ter PR, clinically significant improvements were ob-
served in most components of SF-36, particularly con-
cerning physical function, health perception, physical 

role, emotional role, social function, mental health, 
pain, vitality, and depression. The authors concluded 
that PR results in significant improvement in quality 
of life, dyspnea, and functional capacity irrespective of 
baseline disease burden (28). A similar improvement 
was shown using the SF-36 questionnaire in 440 pa-
tients treated with PR, of whom 229 completed the 
program. Of interest, patients completing PR had 
greater pain and depression score to the SF-36, and 
lower FEV1, and included a lower proportion of cur-
rent smokers, while cigarette smoking was the sole in-
dependent predictor of PR dropout (29).

Cost-effectiveness of PR

Early economic evaluations of PR were limited 
to the cost. For example, in 1997 a study considered 
46 stable COPD patients undergoing a PR program 
in 10 sessions including education, training, group 
therapy, and an individualized regimen of home-based 
extremity and inspiratory muscle exercise. The program 
resulted in significant decrease of dyspnea and signifi-
cant increases of exercise capacity and forced vital ca-
pacity, with a cost of the 10 outpatient sessions of $650 
(30). Golmohammadi et al. calculated that the total 
direct cost per 100 person-years of follow-up before 
the program was $122,071 while after the program it 
was $87,704, with an average reduction of total costs of 
$34,367 per 100 person-years, corresponding to $344 
per person per year (p=0.02). Such reduction resulted 
from decreased health service utilization, reduced direct 
costs and improved health status of COPD patients 
treated with PR (31). Subsequent studies analyzed the 
economic benefit produced by the reduced hospital uti-
lization and health cost (32, 33), while Griffiths et al. 
were the first to use the modern tool for cost-effective-
ness analysis, specifically the quality adjusted life years 
(QALYs), that is a measure of disease burden, including 
both the quality and the quantity of life lived (34). The 
cost/utility analysis was performed along a randomized 
controlled clinical trial of PR vs. standard care in 200 
patients randomly assigned to either an 18 visit, 6 week 
rehabilitation program or standard medical care. The 
difference between the mean cost of 12 months of care 
for patients in PR and control group was calculated. 
The results showed that each PR program for up to 20 
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patients cost £12,120, with a mean incremental cost of 
adding PR to standard care of -£152 (95% CI -881 to 
577) per patient (p=NS). The incremental utility of add-
ing PR was 0.030 (95% CI 0.002 to 0.058) QALYs per 
patient (p=0.03). Thus, the outpatient PR program pro-
duced cost per QALY ratios within limits considered to 
be cost effective and likely to result in financial benefits 
to the health service (35). In another study from UK, 
also the cost effectiveness of maintenance schedules fol-
lowing initial PR was investigated in COPD patients 
who completed at least 60% of a standard 8-week PR 
program and were randomized to a 2-h maintenance 
session at 3, 6 and 9 months (73 subjects) or treatment 
as usual (75 subjects). QALYs and incremental cost-
effectiveness ratio (ICER) were used. At 12 months, 
incremental cost to the NHS and social services was 
-£204.04 (95 % CI -£1522 to £1114), and QALY gains 
were -0.007 (-0.461 to 0.447) and +0.015 (-0.050 to 
0.079). Based on point estimates, PR maintenance 
therefore was dominant over usual treatment from the 
perspective of the NHS and social services. A need of 
future research to evaluate whether also more intensive 
PR maintenance regimens offer benefit to patients at 
reasonable cost was suggested (36). Recently, Atsou et 
al. estimated the effectiveness and cost-effectiveness 
of PR in a hypothetical cohort of COPD patients in 
France using a multi-state Markov model adopting 
society’s perspective. Simulated cohorts of COPD pa-
tients in GOLD stage 2 to 4 with and without PR were 
compared in terms of life expectancy, QALYs, disease-
related costs, and ICER. At the horizon of a COPD 
patient’s remaining lifetime, PR would result in mean 
gain of 0.8 QALY, with an over disease-related costs of 
14,102 € per patient. The ICER was 17 583 €/QALY. 
Sensitivity analysis showed that PR was cost-effective 
in every scenario (ICER <50 000 €/QALY). According 
to authors, these outcomes should provide a useful basis 
for COPD PR programs (37).

Conclusions 

In 2006, the American Thoracic Society/Euro-
pean Respiratory Society statement on pulmonary 
rehabilitation concluded the analysis of the available 
literature with the assertion “A considerable body of 

theoretical and practical knowledge has already been 
developed, resulting in the establishment of pulmo-
nary rehabilitation as a science. We look forward to re-
fining its process, improving its efficiency, optimizing 
its benefits, and expanding its scope” (38). In fact, in 
the 2013 updated document the conclusion was “The 
considerable growth in the science and application 
of pulmonary rehabilitation since 2006 adds further 
support for its efficacy in a wide range of individuals 
with chronic respiratory disease” (39). This highlights 
that also respiratory chronic disorders different from 
COPD should be treated with PR. In front of this 
large evidence, PR remains greatly underestimated and 
underused. According to Troosters et al., “the future of 
pulmonary rehabilitation is bright”, but requires en-
gaging more patients in better tailored programmes, 
that need to be widely advertised, with healthcare 
professionals well trained to deal with the individual 
needs and preferences of patients. Also, patients need 
to develop self-management skills enabling them to 
maintain the benefits of the programme activity (40).

The latest document from the American Thoracic 
Society/European Respiratory Society, based on the 
demonstration of physiological, symptom-reducing, 
psychosocial, and health economic benefits achieved 
by PR, and of insufficient funding, resources and re-
imbursement, lack of healthcare professional, payer, 
and patient awareness and knowledge, was aimed at 
enhancing implementation, use, and delivery of PR to 
suitable individuals worldwide. This document con-
tains policy recommendations to evolve healthcare 
professional, payer, and patient awareness and knowl-
edge of PR, to increase patient access to PR and to 
ensure quality of PR programs. The ATS and ERS will 
undertake actions to improve access to and delivery 
of PR services for suitable patients, and call on their 
members and other health professional societies, pay-
ers, patients, and patient advocacy groups to join in 
this commitment (41).

We must hope that this initiative can finally suc-
ceed in making acknowledged the actual role of PR in 
COPD treatment.

Conflict of interest: Each author declares that he or she has no 
commercial associations (e.g. consultancies, stock ownership, equity 
interest, patent/licensing arrangement etc.) that might pose a con-
flict of interest in connection with the submitted article



What still prevents to acknowledge a major role for pulmonary rehabiitation in COPD treatment? 223

References

  1. �Global Strategy for the Diagnosis, Management and Prevention 
of Chronic Obstructive Pulmonary Disease. Available from: 
htpp://goldcopd.org/glogal-strategy-management-pre 
vention.copd-2016 (accessed January 11, 2019) 

  2. �Rabe KF, Watz H. Chronic obstructive pulmonary disease. 
Lancet 2017; 389; 1931-1940. 

  3. �Lakshmi SP, Reddy AT, Reddy RC. Emerging pharmaceuti-
cal therapies for COPD. Int J Chron Obstruct Pulmon Dis 
2017; 12: 2141-2156. 

  4. �Celli BR, Thomas NE, Anderson JA, Ferguson GT, Jen-
kins CR, Jones PW, Vestbo J, Knobil K, Yates JC, Calverley 
PM. Effect of pharmacotherapy on rate of decline of lung 
function in chronic obstructive pulmonary disease: results 
from the TORCH study. Am J Respir Crit Care Med 2008; 
178(4): 332-8. 

  5. �Tashkin DP, Celli B, Senn S, Burkhart D, Kesten S, Men-
joge S, Decramer M; UPLIFT Study Investigators. A 
4-year trial of tiotropium in chronic obstructive pulmonary 
disease. N Engl J Med 2008; 359(15): 1543-54. 

  6. �Niewoehner DE. TORCH and UPLIFT: what has been 
learned from the COPD “mega-trials”? COPD 2009; 6(1): 
1-3.

  7. �Ding B, DiBonaventura M, Karlsson N, Bergström G, Hol-
mgren U. (2017) A cross-sectional assessment of the burden 
of COPD symptoms in the US and Europe using the Na-
tional Health and Wellness Survey. Int J Chron Obstruct 
Pulmon Dis 2017; 12: 529-539. 

  8. �Nici L, Lareau S, ZuWallack R. Pulmonary rehabilitation in 
the treatment of chronic obstructive pulmonary disease. Am 
Fam Physician 2010; 82(6): 655-60.

  9. �Nici L, ZuWallack RL. Pulmonary rehabilitation: defini-
tion, concept, and history. Clin Chest Med 2014; 35(2): 
279-82.

10. �Spaar A, Frey M, Turk A, Karrer W, Puhan MA. Recruit-
ment barriers in a randomized controlled trial from the phy-
sicians’ perspective: a postal survey. BMC Med Res Meth-
odol 2009; 9: 14. 

11. �Nishi SP, Zhang W, Kuo YF, Sharma G. Pulmonary Reha-
bilitation Utilization in Older Adults With Chronic Ob-
structive Pulmonary Disease, 2003 to 2012. J Cardiopulm 
Rehabil Prev 2016; 36(5): 375-82.

12. �Levack WM, Weatherall M, Reeve JC, Mans C, Mauro 
A. Uptake of pulmonary rehabilitation in New Zealand by 
people with chronic obstructive pulmonary disease in 2009. 
N Z Med J 2012 Jan 20; 125(1348): 23-33.

13. �Lacasse Y, Wong E, Guyatt GH, King D, Cook DJ, Gold-
stein RS. Meta-analysis of respiratory rehabilitation in 
chronic obstructive pulmonary diseases. Lancet 1996; 
348(9035): 1115-9.

14. �Lacasse Y, Brosseau L, Milne S, Martin S, Wong E, Guyatt 
GH, Goldstein RS. Pulmonary rehabilitation for chronic 
obstructive pulmonary disease. Cochrane Database Syst 
Rev 2002; (3)CD003793.

15. �Lacasse Y, Goldstein R, Lasserson TJ, Martin S. (2006) 

Pulmonary rehabilitation for chronic obstructive pulmo-
nary disease. Cochrane Database Syst Rev 2006; 18;(4): 
CD003793.

16. �McCarthy B, Casey D, Devane D, Murphy K, Murphy E, 
Lacasse Y. Pulmonary rehabilitation for chronic obstructive 
pulmonary disease. Cochrane Database Syst Rev 2015; (2): 
CD003793. 

17. �Liu XL, Tan JY, Wang T, Zhang Q, Zhang M, Yao LQ, 
Chen JX. Effectiveness of home-based pulmonary reha-
bilitation for patients with chronic obstructive pulmonary 
disease: a meta-analysis of randomized controlled trials. Re-
habil Nurs 2014; 39(1): 36-59. 

18. �Wuytack F, Devane D, Stovold E, McDonnell M, Casey 
M, McDonnell TJ, Gillespie P, Raymakers A, Lacasse Y, 
McCarthy B. Comparison of outpatients and home-based 
exercise training programmes for COPD: a systematic re-
view and meta-analysis. Respirology. 2017 

19. �Jácome C, Marques A. Pulmonary rehabilitation for mild 
COPD: a systematic review. Respir Care 2014; 59(4): 588-
94.

20. �Rugbjerg M, Iepsen UW, Jørgensen KJ, Lange P. Effective-
ness of pulmonary rehabilitation in COPD with mild symp-
toms: a systematic review and meta-analysis- Int J Chron 
Obstruct Pulmon Dis 2015; 10: 791-801. 

21. �Puhan M, Scharplatz M, Troosters T, Walters EH, Steurer J. 
Pulmonary rehabilitation following exacerbations of chron-
ic obstructive pulmonary disease. Cochrane Database Syst 
Rev 2009; (1): CD005305

22. �Puhan MA, Gimeno-Santos E, Scharplatz M, Troosters 
T, Walters EH, Steurer J. Pulmonary rehabilitation follow-
ing exacerbations of chronic obstructive pulmonary disease. 
Cochrane Database Syst Rev 2011; (10): CD005305. 

23. �Puhan MA, Gimeno-Santos E, Cates CJ, Troosters T. Pul-
monary rehabilitation following exacerbations of chronic 
obstructive pulmonary disease. Cochrane Database Syst 
Rev 2016; 12: CD005305.

24. �Stav D, Raz M, Shpirer I. Three years of pulmonary rehabil-
itation: inhibit the decline in airflow obstruction, improves 
exercise endurance time, and body-mass index, in chronic 
obstructive pulmonary disease. BMC Pulm Med 2009; 9: 
26.

25. �Incorvaia C, Russo A, Foresi A, Berra D, Elia R, Passalac-
qua G, Riario-Sforza GG, Ridolo E. Effects of pulmonary 
rehabilitation on lung function in chronic obstructive pul-
monary disease: the FIRST study. Eur J Phys Rehabil Med 
2014; 50(4): 419-26.

26. �Osterling K, MacFadyen K, Gilbert R, Dechman G.The ef-
fects of high intensity exercise during pulmonary rehabilita-
tion on ventilator parameters in people with moderate to 
severe stable COPD: a systematic review. Int J Chron Ob-
struct Pulmon Dis 2014; 9: 1069-78.

27. �Alfarroba S, Rodrigues F, Papoila AL, Santos AF, Morais 
L. Pulmonary rehabilitation in COPD according to Global 
Initiative for Chronic Obstructive Lung Disease Category. 
Respir Care 2016; 10: 1331-40. 

28. �Schroff P, Hitchcock J, Schumann C, Wells JM, Drans-



C. Incorvaia, L. Panella, A. Caserta, et al.224

field MT, Bhatt SP. Pulmonary Rehabilitation Improves 
Outcomes in Chronic Obstructive Pulmonary Disease In-
dependent of Disease Burden. Ann Am Thorac Soc 2017; 
14(1): 26

29. �Brown AT, Hitchcock J, Schumann C, Wells JM, Dransfield 
MT, Bhatt SP. (2016) Determinants of successful comple-
tion of pulmonary rehabilitation in COPD. Int J Chron 
Obstruct Pulmon Dis 2016; 11: 391-7. 

30. �Reina-Rosenbaum R, Bach JR, Penek J. The cost/benefits of 
outpatient-based pulmonary rehabilitation. Arch Phys Med 
Rehabil 1997; 78(3): 240-4.

31. �Golmohammadi K, Jacobs P, Sin DD. Economic evaluation 
of a community-based pulmonary rehabilitation program 
for chronic obstructive pulmonary disease. Lung 2004; 182: 
187-96. 

32. �Hui KP, Hewitt AB. A simple pulmonary rehabilitation 
program improves health outcomes and reduces hospital 
utilization in patients with COPD. Chest 2003; 124: 94-7. 

33. �Cecins N, Geelhoed E, Jenkins SC. Reduction in hospitali-
zation following pulmonary rehabilitation in patients with 
COPD. Aust Health Rev 2008; 32: 415-22. 

34. �Weinstein MC, Torrance G, McGuire A. QALYs: The ba-
sics. Value Health 2009; 12: S5-S9. 

35. � Griffiths TL, Phillips CJ, Davies S, Burr ML, Campbell IA. 
Cost effectiveness of an outpatient multidisciplinary pulmo-
nary rehabilitation programme. Thorax 2001; 56: 779-84. 

36. �Burns DK, Wilson EC, Browne P, Olive S, Clark A, Galey 
P. The cost effectiveness of maintenance schedules following 
pulmonary rehabilitation in patients with chronic obstruc-
tive pulmonary disease: an economic evaluation alongside 
a randomised controlled trial. Appl Health Econ Health 
Policy 2016; 14: 105-15. 

37. �Atsou K, Crequit P, Chouaid C, Hejblum G. Simulation-
Based Estimates of the Effectiveness and Cost-Effective-
ness of PulmonaryRehabilitation in Patients with Chronic 
Obstructive Pulmonary Disease in France. PLoS One 2016; 
11(6): e0156514. 

38. �Nici L, Donner C, Wouters E, Zuwallack R, Ambrosino N, 
Bourbeau J, Carone M, Celli B, Engelen M, Fahy B, Garvey 
C, Goldstein R, Gosselink R, Lareau S, MacIntyre N, Mal-
tais F, Morgan M, O’Donnell D, Prefault C, Reardon J, 
Rochester C, Schols A, Singh S, Troosters T; ATS/ERS 

Pulmonary Rehabilitation Writing Committee.American 
Thoracic Society/European Respiratory Society statement 
on pulmonary rehabilitation. Am J Respir Crit Care Med 
2006; 173 (12): 1390-413.

39. �Spruit MA, Singh SJ, Garvey C, ZuWallack R, Nici L, 
Rochester C, Hill K, Holland AE, Lareau SC, Man WD, 
Pitta F, Sewell L, Raskin J, Bourbeau J, Crouch R, Franssen 
FM, Casaburi R, Vercoulen JH, Vogiatzis I, Gosselink R, 
Clini EM, Effing TW, Maltais F, van der Palen J, Troost-
ers T, Janssen DJ, Collins E, Garcia-Aymerich J, Brooks D, 
Fahy BF, Puhan MA, Hoogendoorn M, Garrod R, Schols 
AM, Carlin B, Benzo R, Meek P, Morgan M, Rutten-van 
Mölken MP, Ries AL, Make B, Goldstein RS, Dowson CA, 
Brozek JL, Donner CF, Wouters EF; ATS/ERS Task Force 
on Pulmonary Rehabilitation. An official American Tho-
racic Society/European Respiratory Society statement: key 
concepts and advances in pulmonary rehabilitation. Am J 
Respir Crit Care Med 2013; 188(8): e13-64. 

40. � Troosters T, Blondeel A, Janssens W, Demeyer H. The past, 
present and future of pulmonary rehabilitation. Respirology 
2019 Mar 13. [Epub ahead of print]

41. � Rochester CL, Vogiatzis I, Holland AE, Lareau SC, Mar-
ciniuk DD, Puhan MA, Spruit MA, Masefield S, Casaburi 
R, Clini EM, Crouch R, Garcia-Aymerich J, Garvey C, 
Goldstein RS, Hill K, Morgan M, Nici L, Pitta F, Ries AL, 
Singh SJ, Troosters T, Wijkstra PJ, Yawn BP, ZuWallack 
RL; ATS/ERS Task Force on Policy in Pulmonary Rehabil-
itation Official American Thoracic Society/ European Res-
piratory Society Policy Statement: Enhancing Implementa-
tion, Use, and Delivery of Pulmonary Rehabilitation. Am J 
Respir Crit Care Med 2015; 192 (11): 1373-86. 

Received: 9 March 2019
Accepted: 9 April 2019
Correspondence:
Erminia Ridolo
Department of Medicine and Surgery, 
University of Parma, Parma, Italy 
Tel. +39 0521 033511
E-mail: Erminia.ridolo@unipr.it 


