
COPD Evidence Tables 
 
The evidence tables are presented in section order.   
 
The methodological quality of each paper was rated using the Scottish Intercollegiate 
Guidelines Network (SIGN) system (Scottish Intercollegiate Guidelines Network. SIGN 
50 Guideline Developers Handbook, 2001; ID 19457): 
 
 

++ All or most of the SIGN methodology 
checklist criteria were fulfilled.  Where 
they have not been fulfilled the conclusions 
of the study or review are thought very 
unlikely to alter. 

+ Some of the criteria were fulfilled.  Those 
criteria that have not been fulfilled or not 
adequately described are thought unlikely 
to alter the conclusions. 

- Few or no criteria were fulfilled.  The 
conclusions of the study are thought likely 
or very likely to alter. 
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Author / Title / Reference / Yr  Ries, A. L., Carlin, B. W., Carrieri-Kohlman, V., Casaburi, R., Celli, B. R., Emery, C. F., Hodgkin, J. E., Mahler, D., Make, B., & 

Skolnick, J. 1997, "Pulmonary rehabilitation: joint ACCP/AACVPR evidence-based guidelines ", Chest, vol. 112, no. 5, pp. 1363-
1396.  Ref ID: 63 

N= Lower Extremity Training – N=12 RCTs / Non randomised controlled trials N=2 
Upper Extremity Training – N=5 RCTs 
Ventilatory Muscle Training – N=1 Meta-analysis of 17 trials / N=6 RCTs 
VMT and Exercise Training – N=5RCTs 
Psychosocial / Behavioural / Educational Interventions – N=4RCTs / N=1 Observational study 
Pulmonary Rehabilitation on Psychosocial / Behavioural Factors – N=3RCTs / N=4 Observational studies 
Dyspnoea – N=5RCTs / N=1 Non randomised controlled trial 
Health Related Quality of Life Tools for Assessment – N=5 studies 
Effect of Pulmonary Rehabilitation on QoL – N=3RCTs 
Effect of Limited pulmonary Rehabilitation on QoL – N=3RCTs / N=3 Non randomised trials 
Effect of Pulmonary Rehabilitation on Employment – N=2 
Effects of pulmonary Rehabilitation on Health-Care Utilisation – N=2RCTs / N=2 Non-randomised controlled trials / N=8 
Observational studies. 



Effects of Pulmonary Rehabilitation on Survival – N=1 RCT / N=1 Non-randomised controlled trial / N=4 Observational studies.   
Research Design Evidence Based Guidelines 
Aim The primary purpose of the document is to review the scientific basis for pulmonary rehabilitation.  
Operational Definition COPD not defined. 
Population Adults with COPD 
Intervention As above (cited in “N=” section) 
Recommendations Lower Extremity Training 

“Patients with COPD who undergo a program of lower extremity exercise training consistently improve measures of exercise 
tolerance without evidence of adverse outcome.  A program of exercise training of the muscles of ambulation is recommended as a 
part of pulmonary rehabilitation for patients with COPD (Strength of Evidence =A)”. 
Upper Extremity Training 
“Strength and endurance training of the upper extremities improves arm function in patients with COPD.  Arm exercises are safe, 
and should be included in rehabilitation programs for patients with COPD.  (Strength of Evidence =B)”.  
Ventilatory Muscle Training 
The scientific evidence at the present time does not support the routine use of VMT as an essential component of pulmonary 
rehabilitation.  However, VMT may be considered in selected patients with COPD who have decreased respiratory muscle strength 
and breathlessness.  (Strength of Evidence = B)”. 
Psychosocial, Behavioural and Educational Components and Outcomes 
“Evidence to date does not support the benefits of short-term psychosocial interventions as single therapeutic modalities, but 
longer-term interventions may be beneficial.  Although scientific evidence is lacking, expert opinion supports the inclusion of 
educational and psychosocial intervention as components of comprehensive pulmonary rehabilitation programs for patients with 
COPD.  (Strength of Evidence = C)”. 
Dyspnoea 
“Pulmonary rehabilitation improves the symptoms of dyspnoea in patients with COPD.  (Strength of Evidence = A)”. 
Quality of Life 
“Pulmonary rehabilitation improves health-related QoL in patients with COPD.  (Strength of Evidence = B)”. 
Health Care Utilisation 
“Pulmonary rehabilitation has reduced the number of hospitalisations and the number of days of hospitalisations for patients with 
COPD.  (Strength of Evidence = B)”.  N.B American Guidelines. 
Survival 
“Pulmonary rehabilitation may improve survival in patients with COPD.  (Strength of Evidence = C)”. 

AGREE Appraisal of 
Guidelines for Research & 
Evaluation Instrument. 

Fits criteria for “Strongly recommend” 
 

Hierarchy of Evidence 1a 



Grading 
NCC CC ID 63 

 
 
 
 
Author / Title / Reference / Yr  Lacasse Y, Brosseau L, Milne S, Martin S, Wong E, Guyatt GH et al. Pulmonary Rehabilitation for Chronic Obstructive Pulmonary 

Disease. (Cochrane Review). The Cochrane Library.Oxford: Update Software 2003;Issue 3. Ref ID: 1157 
N= N=23 trials 
Research Design Cochrane systematic review.  Updates reported by Lacasse et al Lancet 1996 748:1115-1119 
Operational Definition More than 90% of pts had COPD defined as 1) a clinical diagnosis of COPD, 2) one of the following; a) best recorded FEV1/FVC 

ratio of individual pts <0.7; b) best recorded FEV1 of individual pts <70% of predicted value. 
Population COPD 
Intervention Pulmonary rehabilitation (defined as exercise training for at least 4 wks with or without education and or psychological support. 

In-patient, out patient or home based rehabilitation program of at least 4 wks duration that included exercise therapy with or without 
any form of education and / or psychological support delivered to pts with exercise limitation attributable to COPD. 

Comparison Conventional community care 
Outcomes QoL / functional or maximal exercise capacity  
Characteristics Baseline characteristics split per trial, not presented as total.   

Mean age range=55-73 / 59% Male / Ethnic origin not detailed 
Results  Statistically significant improvements were found for all the outcomes. 

HRQOL 
In three domains of QoL (CRQ for dyspnoea, fatigue and mastery) the effect was larger than the minimal clinically important 
difference of 0.5 units.  
For HRQOL the analysis was restricted to the CRQ as it represented the most widely used questionnaire across the trials  
Results presented below are of the CRQ on a 7-point scale (those results presented in italicised brackets are of the total score of 
each of the questionnaires domains).  
Dyspnoea (9 trials, N=519) WMD 1.0 CRQ units 95% CI; 0.8-1.2 p=0.53* (WMD 5.1; 95% CI; 4.04-6.1)  
Fatigue (8 trials, N=513) WMD 0.9 CRQ units 95% CI; 0.7-1.1 p=0.48* (WMD 3.5; 95% CI; 2.7-4.4)  
Emotional function (8 trials, N=513) WMD 0.7 CRQ units 95% CI; 0.4-1.0 p=0.17* (WMD 4.9; 95% CI; 3.0-6.8) 
Mastery (8 trials, N=513) WMD 0.9 CRQ units 95% CI; 0.7-1.2 p=0.87* (WMD 3.7; 95% CI; 2.8-4.6) 
(*p values are for homogeneity)  
Functional exercise capacity  



For FEC and MEC the effect was small and a little below the threshold of clinical significance for the 6 minute walking distance. 
(10 trials, N=454) WMD 49 meters 95% CI; 26-72 
*p=0.08 Heterogeneity was found among study results which none of the subgroup analyses explained.     
Maximum exercise capacity 
(14 trials, N=488) WMD 5.4 watts 95% CI; 0.5-10.2 *p=0.14  
NB Homogeneity across studies was tested for each outcome, heterogeneity was declared when p was <0.10 

SIGN Quality Rating ++ 
Hierarchy of Evidence 
Grading 

1a 

NCC CC ID 1157 

Studies included Bendstrup 1997, Booker 1984, Busch 1988, Cambach 1997, Clark 1996, Cockcroft 1981, Emery 1998, Engstrom 1999, Goldstein 
1994, Gosselink 2000, Griffiths 2000, Guell 1995, Hernandex 2000, Jones 1985, Lake 1990, McGavin 1977, Reardon 1994, 
Ringbaek 2000, Simpson 1992, Strijbos 1996, Vallet 1994, Weiner 1992, Wijkstral 1994. 

 
 
 
Author / Title / Reference / Yr  British Thoracic Society Standards of Care Subcommittee on Pulmonary Rehabilitation 2001, "Pulmonary rehabilitation. [Review] 

[87 refs]", Thorax, vol. 56, no. 11, pp. 827-834.  Ref ID: 1223 
Research Design BTS Statement 
Aim “Summaries of the scientific evidence and recommendations for practice have recently been published by the American Thoracic 

Society and in the ACCP / AACVPR evidence-based guidelines.  This document from the BTS is therefore not intended to become 
another new set of guidelines but, instead, will develop these existing publications and introduce more recent evidence.  The 
purpose is to summarise the available evidence for both the process and benefits of pulmonary rehabilitation to convince providers, 
commissioners, and consumers of health care to introduce a worthwhile service”.   

Operational Definition Operational definition of COPD is not provided. 
Population COPD 
Intervention “The process of pulmonary rehabilitation 

Site and personnel / Format, content and benefits / Dose response effect and maintenance / Cost / Safety Issues 
The components of rehabilitation 
Physical training / Endurance (aerobic) training / Strength training / Respiratory muscle training / Use of Oxygen during exercise 
training / Education / Psychology and behavioural intervention / Physiotherapy, relaxation exercises and energy conservation / 
Nutrition / Rehabilitation and lung volume reduction surgery”. 



Evidence “Evidence exists that a multiprofessional individually tailored programme of rehabilitation including prescribed endurance 
exercise training should: 
Improve functional exercise capacity [1a] 
Improve health status [1a] 
Reduce dyspnoea [1a] 
Have some health economic advantages [1b]” 

Results  “Summary of key points 
Selection 
Although most patients will have COPD, the benefits of rehabilitation may apply to all patients with dyspnoea from respiratory 
disease. [B] 
The introduction of rehabilitation becomes appropriate when patients become aware of their disability. Rehabilitation should be 
considered at all stages of disease progression when symptoms are present and not at a predetermined level of impairment. This 
would usually be MRC dyspnoea grade 3 or above. [C] 
There is currently no justification for selection on the basis of age, impairment, disability, or smoking status. Some patients with 
serious co-morbidity such as cardiac or locomotor disability may not benefit as much. [B] 
The only issues material to selection are poor motivation and the logistical factors of geography, transport, equipment usage, and 
the group composition. [C] 
Setting 
Pulmonary rehabilitation is effective in all settings including hospital inpatient, hospital outpatient, the community, and the home. 
[A] 
Cost comparison suggests that hospital outpatient rehabilitation is currently the most efficient form of delivery. [C] 
Programme content 
Outpatient programmes should contain a minimum of 6 weeks of physical exercise, disease education, psychological, and social 
intervention. [B] 
Physical aerobic training, particularly of the lower extremities (brisk walking or cycling), is mandatory. [A]  
Upper limb and strength building exercise can be included. [B] 
Exercise prescription should be precise and individually assessed. [C] 
Individual training intensity should be recorded and can be increased through the programme where tolerated. [C] 
Training intensity should usually be 60–70% of VO2peak (this can be derived from SWT performance). However, benefit can be 
obtained from lower intensity training where necessary, and increased benefits can be obtained from higher intensity training (85% 
VO2peak) when this can be achieved. [C] 
Training frequency should involve three sessions (20–30 minutes) per week of which at least two should be supervised. [C] 
Supplementary oxygen during training should be provided where clinically important desaturation is documented at the training 
workload. [C] 
Comprehensive disease education for patient and family is an important part of overall management that can be conducted within 
the rehabilitation programme. [C] 



Access to individual advice on physiotherapy, nutrition, occupational therapy, smoking cessation, end of life planning, and physical 
relationships is desirable. [C] 
Process 
A nominated clinician with an interest in respiratory disease should be responsible for the programme. This clinician should 
normally be responsible for medical assessment prior to entry to the programme. [C] 
The programme should have a responsible officer appointed for the purpose. The coordinator may come from a profession allied to 
medicine or nursing. [C] 
Staffing ratios will vary according to the patient characteristics, but a staff / patient ratio of 1:8 would be reasonable for the 
supervision of exercise classes. [C] 
There should be multiprofessional involvement from local resources. [C] 
Policies should exist for the stages of rehabilitation, which include referral, assessment, selection, rehabilitation, and outcome 
assessment. [C] 
Regular audit of the programme is desirable. [C] 
Outcome measures 
These should be embedded in the programme as part of the process. [C] 
The outcome measures should reflect the goals of rehabilitation by examination of relevant impairment, disability, handicap, and 
domestic activity. [C] 
Outcome measures need only be simple but centers with expertise can use advanced technology. [C]” 
 

Quality Rating Not critically appraised – “Statement document” 
Hierarchy of Evidence 
Grading 

Does not fit into currently used “Hierarchy of Evidence”.  Evidence and consensus document. 
“New references are cited where assertions are not supported in the existing statements and guidelines.”  “Strength of evidence was 
agreed by consensus and is described according to the accepted convention”.   
Levels of evidence and grading of recommendations are provided. 

NCC CC ID 1223 
 



 
Author / Title / Reference / Yr  Toshima, M. T., Blumberg, E., Ries, A. L., & Kaplan, R. M. 1992, "Does rehabilitation reduce depression in patients with chronic 

obstructive pulmonary disease?", Journal of Cardiopulmonary Rehabilitation, vol. 12, no. 4, pp. 261-269. 
Ref ID: 1024 
“Previously reported preliminary results from an experimental trial evaluating a comprehensive rehabilitation program for pts with 
COPD (Ref Toshima, M. T., Kaplan, R. M., & Ries, A. L. 1990, "Experimental evaluation of rehabilitation in chronic obstructive 
pulmonary disease: short-term effects on exercise endurance and health status", Health Psychology, vol. 9, pp. 237-252.  Ref ID: 
1020 
The methodology and results for both of these papers have been incorporated into this evidence table.    

N= N=119 Duration=8wks Location=USA 
Research Design RCT 
Aim Evaluated changes in depression in same pts before and after participation in rehabilitation or education programs 
Operational Definition Clinical diagnosis of COPD confirmed by spirometry – levels not given.  
Population Mild to severe COPD (asthma excluded) 
Intervention Rehabilitation program (N=57) 
Comparison Education control group (N=62).  The education group received only information without specific instruction or physical activity 

training. 
Outcomes Pulmonary function tests / Maximum exercise test / Endurance walk test / Depression (Centres for Epidemiological Studies 

Depression Scale (CES-D) / Efficacy / Social support questionnaire (SSQ) / Index of Activities of Daily Living (ADL). 
Characteristics Concomitant medications – Not detailed 

Age – Mean 63yrs)  
Sex – 74% males 
Ethnic origin – Not detailed 
Mean FEV1 at screening visit was 1.23 litres (SD 0.55) prebronchodilator (45% predicted) and 1.41 litres (SD 0.64) 
postbronchodilator (52% of predicted). 

Results  Exercise endurance improved significantly for the rehabilitation group but not for the control group (p<0.0001). 
There were no significant differences in depression between rehabilitation and control subjects at any follow-up period. 
There were greater increases over time in self efficacy (walking ratings) for the rehabilitation group than for the education group as 
indicated by a significant group by time interaction (p<0.008), although the two groups were not statistically different by means test 
at 6/12. 
Although the rehabilitation pts demonstrated functional improvements and increased self efficacy, they did not demonstrate lower 
levels of depression.   
There were no significant differences in depression between rehabilitation and control subjects at any follow up period. 
Correlation analyses of baseline data for all pts combined showed small non significant correlations between depression and 
physiologic variables.  Depression was significantly correlated (p<0.05) with subjective ratings of dyspnoea, performance of 



activities of daily living, treadmill performance, self efficacy expectations, social support quantity and social support satisfaction.   
SIGN Quality Rating + 
Hierarchy of Evidence 
Grading 

1b 

NCC CC ID 1024 and 1020 
 
 
 
 
Author / Title / Reference / Yr  Ries, A. L., Kaplan, R. M., Limberg, T. M. K., & Prewitt, L. M. 1995, "Effects of pulmonary rehabilitation on physiological and 

psychosocial outcomes in patients with chronic obstructive pulmonary-disease", Annals of Internal Medicine, vol. 122, no. 11, pp. 
823-832.Ref ID: 49 

N= N=119. Duration=8 wk programme (pts were followed for 6 yrs). Location=Outpatients from University Medical Centre USA 
Research Design RCT 
Aim As per title 
Operational Definition - 
Population Stable mild to severe COPD.  Pts with emphysema, chronic bronchitis or asthmatic bronchitis were included.   

Pts with primarily acute, reversible airway disease (asthma) but no chronic airflow obstruction were excluded. 
Intervention Comprehensive pulmonary rehabilitation, 12 four hr sessions.  Monthly reinforcement sessions were held for 1 yr. 
Comparison Education alone, 4 two-hr sessions, videos, lectures and discussions but no individual instruction or exercise training. 
Outcomes Pulmonary function, exercise tolerance and endurance, gas exchange, breathlessness, muscle fatigue with exercise, shortness of 

breath, self-efficacy for walking, depression, quality of well being and hospitalisations  
Characteristics Baseline variables for Rehab (RB) vs Education (ED) groups 

Age – 62yrs (RB) / 64 yrs (ED) 
Male / Female – 42/15 (RB) / 54/17 (ED) 
Ethnic origin – not detailed 
Mean FEV1 at screening visit was – FEV1/FVC % 54 (13) (RB) / 43 (10) (ED) 
Concomitant medications – not detailed 

Results  There were no statistically significant findings for the education group compared to pulmonary rehabilitation group 
Compared with education alone, pulmonary rehabilitation produced a significantly greater increase in: 
Maximal exercise tolerance; +1.5 metabolic equivalents (METS) compared with +0.6 METS; p<0.001 
Maximal oxygen uptake; +0.11 L/min compared with +0.03 L/min; p=0.06 
Exercise endurance; +10.5 mins compared with +1.3 mins; p<0.001 
Symptoms of perceived breathlessness; score of –1.5 compared with +0.2; p<0.001 



Muscle fatigue; score of –1.4 compared with –0.2; p<0.01 
Shortness of breath; score of –7.0 compared with +0.6; p<0.01 
Self efficacy for walking; score of +1.4 compared with +0.1; p<0.05 
There were non significant findings for: 
Survival and duration of hospital stay. 
Measures of lung function, depression and general quality of life did not differ between groups. 
After the 2/12 core rehabilitation program and the 1 yr monthly reinforcements, group differences gradually declined.  The benefits 
persisted for as long as 6/12 for perceived muscle fatigue ratings during exercise and breathlessness with daily activities, for as long 
as 12/12 for maximum treadmill workload and exercise endurance, for as long as 18/12 for walking self efficacy and for as long as 
24/12 for ratings of perceived breathlessness during exercise. 
Conclusion:  Pulmonary rehabilitation significantly improved exercise performance and symptoms for pts with moderate to severe 
chronic COPD.  Benefits were partially maintained for at least 1 yr and tended to diminish after that time.   

SIGN Quality Rating + 
Hierarchy of Evidence 
Grading 

1b 

NCC CC ID 49 
 
 
Author / Title / Reference / Yr  Smith, K., Cook, D., Guyatt, G. H., Madhavan, J., & Oxman, A. D. 1992, "Respiratory muscle training in chronic airflow 

limitation: a meta-analysis", American Review of Respiratory Disease, vol. 145, no. 3, pp. 533-539. Ref ID: 894 
N= N= 17 RCTs 
Research Design Meta analysis 
Aim Determine the effect of respiratory muscle training on muscle strength and endurance, exercise capacity and functional status in pts 

with chronic airflow limitation. 
Operational Definition Chronic airflow limitation: a clinical diagnosis of chronic airflow limitation and one of the following: 1) best recorded FEV1/FVC 

ratio of each subject <0.7; 2) best recorded FEV1 of each subject <70% of predicted; 3) mean FEV1 of the group <35% of 
predicted; 4) mean FEV1/mean FVC ratio of the group<0.5  

Population Chronic airflow limitation 
Intervention Respiratory muscle training, specifically resistive breathing exercises or isocapneic hyperventilation 
Comparison Not specified 
Outcomes Pulmonary function, respiratory muscle strength, respiratory muscle endurance, laboratory exercise capacity, functional exercise 

capacity or functional status 
Characteristics Demographic characteristics not detailed.  
Results  There is little evidence of clinically important benefit of respiratory muscle training in pts with CAL 



All results taken from Table 3, p537 
FEV1  
(8 trials) Effect size 0.12 (SD units); 95% CI –0.15-0.39; (Effect size in natural units 41 ml); p=0.38  
Homogeneity p value=0.18 
Respiratory muscle strength (maximum inspiratory pressures) 
(11 trials) Effect size 0.15 (SD units); 95% CI –0.09-0.39; (Effect size in natural units 3.0 cm); p=0.23 
Homogeneity p value=0.21 (NB different values given in abstract) 
Respiratory muscle strength (maximum voluntary ventilation) 
(7 trials) Effect size 0.43 (SD units); 95% CI 0.07-0.80; (Effect size in natural units 8.8 L); p=0.02 
Homogeneity p value=0.28 (NB same values given in abstract)   
Respiratory muscle endurance 
(9 trials) Effect size 0.22 (SD units); 95% CI –0.03-0.48; (Effect size in natural units 37.3 L/min) p=0.09 
Homogeneity p value=0.33 (NB different values given in abstract)   
Laboratory exercise capacity 
(9 trials) Effect size –0.04 (SD units); 95% CI –0.22-0.14; (Effect size in natural units –0.036 ml/kg/min); p=0.22 
Homogeneity p value 0.04 (statistically significant) (NB different values given in abstract) 
Functional exercise capacity 
(9 trials) Effect size 0.20 (SD units); 95% CI –0.06-0.45; (Effect size in natural units 40.7m); p=0.13 
Homogeneity p value 0.25 (NB different values given in abstract) 
Functional status (QoL) 
(5 trials) Effect size 0.12 (SD units); 95% CI –0.18-0.42; (Effect size in natural units 0.67 on dyspnoea scale of CRQ); p=0.44 
Homogeneity p value 0.04 (statistically significant) (NB different values given in abstract)  
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Author / Title / Reference / Yr  Lotters, F., van Tol, B., Kwakkel, G., & Gosselink, R. 2002, "Effects of controlled inspiratory muscle training in patients with 

COPD: a meta-analysis. ", European Respiratory Journal, vol. 20, no. 3, pp. 570-576. 
Ref ID: 1227 

N= 15 studies.  Overall treatment group N=200, control group N=183.  Location=Netherlands.   



Research Design Meta analysis 
Aim To provide an update on the efficacy of inspiratory muscle training through a meta analysis of studies evaluating the efficacy of 

IMT in patients with COPD.  Special attention is given to patient characteristics that may influence the efficacy of IMT, in order to 
select the appropriate patients with COPD for the application of IMT. 

Operational Definition Not specified, only states “Pulmonary function tests must have been conducted”.  
Population Only patients with COPD  
Intervention Pts in the treatment group received inspiratory muscle training at an intensity of >30% PI, max . 
Comparison Not specified 
Outcomes PI,max / inspiratory muscle endurance / dyspnoea rating / 6- or 12-min waking distance (6- or 12 MWD) / health related quality of 

life.   
Characteristics Age 63yrs (N=200) 

FEV1 43 +/- 15% (N=171) 
PI,max  71+/- 21% (N=200) 
PaCO2 41 +/-6 mmHg (N=148)  

Results  Significant summary effect-size (SES) was found for inspiratory muscle strength, endurance and dyspnoea. 
Muscle strength and endurance 
Both IMT alone and IMT as adjunct to general exercise reconditioning significantly increased inspiratory muscle strength (Weight 
averaged effect size 0.56, 95% CI 0.35 to 0.77) and endurance (0.41, 95% CI 0.14 to 0.68). 
Dyspnoea 
A significant effect was found for dyspnoea (TDI) at rest (2.3, 95% CI 1.44 to 3.15) and during exercise. 
Functional exercise capacity 
Improved functional exercise capacity tended to be an additional effect of IMT alone and as an adjunct to general exercise 
reconditioning, but this trend did not reach statistical significance. 
Patient characteristics 
No significant correlations were found for training effects with patient characteristics 
Subgroup analysis 
Subgroup analysis in IMT plus exercise training revealed that patients with inspiratory muscle weakness improved significantly 
more compared to patients without inspiratory muscle weakness.  
In the 15 studies, two types of inspiratory muscle loading were applied; targeted resistive training and training with a threshold-
loading device.  Subgroup analysis revealed that there were no differences in the outcome of inspiratory muscle strength and 
inspiratory muscle endurance regarding the different types of training.   
Quality of Life 
Meta analysis was not performed on health related quality of life since different outcome measures were used.  
Homogeneity 
The homogeneity test statistic was not significant for all outcomes. 
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Studies Included From the 15 studies included in the meta analysis, five had also been included in the meta analysis of Smith et al (1992) marked 

with *. 
*Belman MJ, Shadmehr R (1988), Berry MJ, Adair NE, Sevensky KS et al (1996), *Dekjuijzen PN, Folgering HT, van Herwaarden 
CL et al 1991), *Goldstein R, De Rosie J, Long S et al (1989), *Harver A, Mahler DA, Daubenspeck JA (1989), Keijdra YF, 
Dekhuijzen PN, van Herwaarden CL et al (1996), Kim MJ, Larson JL, Covey MK et al (1993), *Larson JL, Kim MJ, Sharp JT et al 
(1988), Larson JL, Covey MK, Wirtz SE et al (1999), Lisboa C, Villafranca C, Leiva A et al (1997), Patessio A, Rampulla C, 
Fracchia C et al (1989), Preusser BA, Winningham ML, Clanton TL (1994), Villafranca C, Borzone G, Leiva A (1998), Wamke T, 
Formanek D, Lahrmann H et al (1994), Weiner P, Azgad Y, Ganam R (1992).   

 
 
 
Author / Title / Reference / Yr  Ortega, F., Toral, J., Cejudo, P., Villagomez, R., Sanchez, H., Castillo, J., Montemayor, T. (2002). Comparison of effects of 

strength and endurance training in patients with chronic obstructive pulmonary disease. Am J Respir Crit Care Med, 166, 669-674. 
N= N=47 participants 

Location= Sevilla, Spain 
Sites= 1 site  
Duration 3/12 

Research Design Prospective comparative follow-up study: pre-training, end of 12 week training, 12 weeks after training. 
Aim To compare the efficacy of endurance, strength, and the combination of strength and endurance training in patients with COPD. 

To assess the outcome of the training intervention after 3 months. 
Operational Definition The diagnosis of COPD was based on smoking history and on pulmonary function tests showing irreversible bronchial obstruction 

defined by less than 12% and less than a 200-ml increase of initial FEV1 after administration of salbutamol (400 ug via a metered 
dose inhaler). 

Population Patients with moderate to severe COPD. 
Intervention Strength training N=17 

Endurance training N=16 
Strength + endurance training N=14 

Comparison 
 

No comparison to standard care- the groups are compared to other interventions- as above. 



Outcome Pulmonary function and peak exercise parameters- VO2max (L/min); VO2max (% predicted); Wmax (W); Wmax (% predicted); Vemax 
(L/min). 
Exercise capacity- shuttle walking test, endurance test, strength measurements (kg; chest pull; butterfly; neck press; leg flexion; leg 
extension. 
Changes in Baseline Dyspnoea Index and Chronic Respiratory Questionnaire 

Characteristics ST=strength training/ET=endurance training/SE=strength+endurance 
 
Mean age ST/ET/SE=66yrs/66yrs/60yrs 
Sex M/F: ST=14/3; ET=14/2; SE=13/1 
FVCL ST/ET/SE = 2.54/2.50/2.38 
FVC % predicted ST/ET/SE = 72/71/67 
FEV1L ST/ET/SE = 1.12/1.13/0.93 
FEV1% predicted ST/ET/SE =40/41/33 
FRC% ST/ET/SE =161/172/173 
TLC% ST/ET/SE = 113/120/117 

Results  Pulmonary function and peak exercise parameters- VO2max (L/min); VO2max (% predicted); Wmax (W); Wmax (% predicted); Vemax 
(L/min). 
No significant changes in pulmonary function tests were seen in any of the groups. 
Exercise capacity- shuttle walking test, endurance test 
The improvement in the shuttle-walking test was only statistically significant in the strength-training group (p<0.015). Comparisons 
between the three study groups were not significant either both at the end of the 12-week training period and at 12-weeks after 
training. 
At the end of the training period and at 12 weeks after training, all patients in the three groups showed significant increases in the 
duration of endurance testing as compared with pre-training values. However, increases in pre-training vs end of 12-week training 
obtained in the endurance group were significantly higher than those observed in the strength group (p<0.001) but were of similar 
magnitude than those in the combined training group, which in turn were significantly higher (p<0.017) than those in the strength 
group. However, between-group comparisons of decreases observed at the post-training assessment as compared with end of 12-
week training were not significant. 
Strength measurements (kg; chest pull; butterfly; neck press; leg flexion; leg extension 
At the end of the training period and at 12 weeks after training, all patients in the three groups showed statistically significant 
increases in the strength of the muscle groups measured in the five exercises. In the endurance group, increases in the strength 
measures involving the upper extremities were lower compared with increases in the strength measures involving the lower 
extremities. Increases in pre-training vs the end of 12-week training obtained in the strength group were significantly higher than 
those observed in the endurance group but were of similar magnitude to those in the combined training group, which in turn showed 
significantly higher increases than subjects in the endurance-training group. 
There were no statistically significant in the increases in muscle strength between the strength training modality and the combined 



group except for butterfly (p<0.017). 
Decreases in muscle strength observed at 12 weeks after training as compared with the end 12-week training were significantly 
greater in the strength group as compared with the endurance group for chest pull, butterfly, leg flexion. That reduction in 
peripheral muscle strength of the combined group, with no significant differences existing between them. 
Changes in Baseline Dyspnoea Index and Chronic Respiratory Questionnaire 
The strength group showed significant improvements in both fatigue and emotion, whereas statistically significant improvements 
were observed only in the dimension of fatigue for the endurance group and in the dimension of emotion for the combined modality 
group. 
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Author / Title / Reference / Yr  Puente-Maestu, L., Sanz, M. L., Sanz, P., Cubillo, J. M., Mayol, J., & Casaburi, R. 2000, "Comparison of effects of 

supervised versus self-monitored training programmes in patients with chronic obstructive pulmonary disease. ", 
European Respiratory Journal, vol. 15, no. 3, pp. 517-525.  Ref ID: 1228 

N= N=41.  Location=Spain.  Duration=8 wks  
Research Design Randomised, controlled, parallel two-group study. 
Aim To compare two exercise training programmes, one fully supervised at the hospital, and the other self-monitored by the 

patient, in which participation of hospital staff was minimal.      
Operational Definition As per inclusion criteria (below) 
Population Males with severe COPD (excluding asthma) 
Intervention and Comparison One of two 8 wk training programmes: 

1.  Supervised training on a treadmill, 4 days  (group S N=21) 
2.  Walking 3 or 4 km in 1h, 4 days week, self monitored with a pedometer, with weekly visits to encourage adherence 
(group SM, N=20) 

Outcomes Chronic respiratory diseases questionnaire (CRQ) and two exercise tests on a treadmill; incremental (IT) and constant 
(CT), above lactic threshold or 70% of maximal oxygen uptake (VO2, max) with arterial blood lactate determinations. 

Characteristics Inclusion criteria:  Age <75yrs / severe COPD – post bronchodilator FEV1 <50% of predicted and FEV1/ FVC <0.7 
without significant reversibility (<15% of the initial value, 15 min after the inhalation of 200ug of salbutamol) / stable 



COPD / grade 2 or more of dyspnoea MRC scale.  
Characteristics:  Mean FEV1 1.09 +/-0.16 / 40.6 +/- 6.2% predicted / Mean age 64yrs / all males. 

Results  CRQ 
There were no differences between the two groups either before or after training.  All four dimensions of the CRQ 
improved significantly. 
Lung function and arterial blood gases 
Little change in pulmonary function tests after training.  Changes apparent in both groups, without significant 
differences between them. 
Supervised Training: 
Reconditioning yielded significant (p<0.05) increases in V O2, max and increases in duration, with decreased lactate 
accumulation, ventilation, CO2 output (VCO2), heart rate and diastolic blood pressure at the end of CT. 
Self Monitoring Training: 
Significant increases (p<0.05) in duration, lower HR and DBP at the end of CT. 
Significantly (p<0.05) different effects between Supervised and Self Monitoring programmes were (in favour of 
supervised group): 
Changes in VO2, max 100 +/- 101 ml/min-1 versus 5 +/- 101 ml/min-1, duration of the CT (8.1 +/- 4.4 min versus 3.9 +/- 
4.7 min), VCO2 (-94 +/-153 ml/min-1 versus 48 +/- 252 ml/min-1), lactate accumulation (-1.3 +/-2.2 mmol/l-1 versus 0 
+/- 1.2 mmol/l-1 and respiratory rate at the end of CT (-4.3 +/- 3.4 min-1 versus –1 +/- 4.2 min-1). 
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Author / Title / Reference / Yr  Berry, M. J., Rejeski, W. J., Adair, N. E., Ettinger, W. H., Zaccaro, D. J., Sevick, M. A. (2003). A randomized controlled trial 

comparing long-term and short-term exercise in patients with chronic obstructive pulmonary disease. Journal of Cardiopulmonary 
Rehabilitation, 23, 60-68. 

N= N=140; 84.3% (N=118) are included in the analysis. 
Short-term programme N=70/Long term programme N=70 Location= Wake Forest University, USA 
Sites=1 site 



Research Design A single centre, single blind, controlled randomised clinical trial. 
Aim To compare the effects of short-term (3 months) and long-term (18 months) participation in an exercise program on self-reported 

disability 
Operational Definition An expiratory airflow limitation that was not reversible with bronchodilator inhalation such that the ratio of the one second forced 

expiratory volume (FEV1) to the forced vital capacity (FVC) was less than or equal to 70% and the FEV1 was greater than or equal 
to 20% predicted. 

Population COPD patients who reported difficulties in performing activities of daily living. 
Intervention Short-term exercise programme (3-months 3x weekly for 1 hour supervised based-based program at Wake Forest University) N=56 
Comparison Long term exercise programme (18-months= 3-months 3x weekly for 1 hour followed by 15-months 3x weekly supervised centre-

based program at Wake Forest University) N=62 
Outcome Primary outcome measures  

Self-reported physical disability 
Fitness Arthritis and Seniors Trial functional performance inventory. The instrument assesses difficulty in performing activities of 
daily living. 
Physical function 
Distance walked in 6 minutes; time to complete an overhead task; and time to climb two flights of stairs. 
Secondary outcome measures 
Peak oxygen uptake 
Medical Graphics Corporation CPX-D (St. Paul, Minn) gas exchange system and a modified Naughton protocol with 2-minute 
stages. The graded exercise test was performed in the morning before the use of any brochodilators. 
Pulmonary function test 
These were performed according to ATS guidelines using a Medical Graphics Corporation 1085D plethysmograph. 
Physical activity scale for the elderly 
Physical Activity Scale for the Elderly (PASE) which has been shown to be a valid measure of physical activity in older 
individuals, was used to assess physical activity levels in all participants 

Characteristics ST=short term/LT=long term 
ST Gender M/F=39/31 
LT Gender M/F=39/31 
Mean age ST/LT=66.9yrs/68.4yrs 
Mean weight kg ST/LT=80.9/77.2 
FEV1 ST/LT=1.65/1.52 
FEV1 (% pred) ST/LT=59.1/57.6 
FEV1/FVC (%) ST/LT=56.4/52.3 
RV/TLC (%) ST/LT=55/57 

Results  Primary outcome measure 



Self-reported physical disability 
At 18-months participants in the long-term group reported approximately 12% less disability than those in the short-term group. 
The adjusted means (95% CI) were 1.53 (1.43 to 1.63) and 1.71 (1.61 to 1.81) units respectively p=0.016. 
Physical function 
At the 18- month assessment, participants in the long-term intervention walked more than 100 feet further in 6 minutes than those 
in the short-term intervention group (p=0.03). 
Secondary outcome measures 
Peak oxygen uptake 
At 18-months there was no significant difference between long term and short term intervention groups. 
Pulmonary function test 
No significant difference was found between the two intervention groups on pulmonary function tests. 
Physical activity scale for the elderly 
No significant difference was found between the two intervention groups on PASE scores.  
Those with higher compliance rates had better scores on self-reported disability and physical performance. 
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Author / Title / Reference / Yr  Young, P., Dewse, M., Fergusson, W., & Kolbe, J. 1999, "Respiratory rehabilitation in chronic obstructive pulmonary disease: 

Predictors of nonadherence", European Respiratory Journal, vol. 13, no. 4, pp. 855-859.  Ref ID: 1040 
N= N=91 Duration=4 wk COPD rehabilitation programme Location=New Zealand 
Research Design Cross sectional study.   
Aim The aim of the project was to determine whether persons who declined participation in or failed to complete a COPD rehabilitation 

programme differed significantly in terms of socio demographics, physiological parameters or psychological factors, from those 
who completed the programme. 

Operational Definition FEV1 <60% predicted, FEV1/FVC <65% and <20% improvement in FEV1 with inhaled bronchodilators. 
Population Moderate-to-severe COPD 

Classified following COPD rehabilitation programme into: 
1.  “Adherent” group who completed the total programme (N=55) 
2.  “Non adherent” group who refused or began but did not complete the programme (N=36)  

Intervention 4 wk hospital based outpatient COPD rehabilitation programme conducted predominantly by respiratory physiotherapists 
Research Tool All potential participants undertook an interviewer-administered questionnaire addressing social, economic, psychological and 



health care factors. 
Outcomes Socio demographic variables / physiological parameters / psychosocial parameters 
Characteristics Pts considered ineligible if they had severe co morbidity which significantly interfered with their ability to participate in the 

programme 
Age - >50yrs  

Results  The non-adherent group were more likely to be widowed or divorced and less likely to be currently married (p<0.001), more likely 
to live alone (39% vs 14%, p<0.02), and more likely to live in rented accommodation (31 vs 6%, p<0.002).  The non-adherent 
group were more likely to be current smokers (28 vs 8%, p<0.02). 
There was little difference in management of COPD between the two groups with similar proportions of the non adherent and 
adherent groups having previous specialist in put (92 and 88% respectively) and being on long term O2 therapy (8 and 12% 
respectively).  Daily use of a peak flow meter was lower in the non-adherent group (18 vs 39%, p=0.09).   
Drug therapy was similar in the two groups (14 and 12%).  However, the non adherent group were less likely to be using high doses 
(>1,000ug of Beclomethasone dipropionate or equivalent) of inhaled corticosteroids (16 vs 42%, p<0.005) 
There were minimal differences between the two groups in baseline physiological variables and in any of the indices of COPD 
morbidity. 
With regard to differences in baseline psychosocial parameters and QOL domains between the two groups, the incidence of 
clinically significant depression (6 vs 0%, p=0.09), previous emotional counselling (25 vs 16%), hyperventilation (28 vs 22%) and 
inadequate social support for emotional problems (33 vs 20%, p=0.14) are higher in the non adherent group, these differences do 
not reach statistical significance. 
Inadequate social support for COPD related problems (51 vs 2%, p=0.001) was more common in the non-adherent group. 
 
Odds ratio and 95% confidence intervals (CI) for predicting adherence with respiratory rehabilitation programme for 
COPD. 
 
Variable    Odds ratio 95% CI 
Married    7.2  2.8 – 18.5 
Current smoker   0.3  0.1 – 0.9 
Own house   7.7               2.0 – 29.7  
Lack of COPD social support 0.1               0.0 – 0.3 
 
If the risk factors of current smoking, being divorced or widowed and lack of COPD related social support are considered, any two 
factors were found in 33% of the non adherent group but in none of the adherent group (p=0.01) while any one factor in 53% of the 
non adherent group and 20% of the adherent group (p=0.015). 
Hence factors strongly associated with non-adherence were current smoking, being widowed or divorced, living alone or lacking 
COPD disease-specific social support. 
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Author / Title / Reference / Yr  Foglio, K., Bianchi, L., & Ambrosino, N. 2001, "Is it really useful to repeat outpatient pulmonary rehabilitation programs in 

patients with chronic airway obstruction? A 2-year controlled study", Chest, vol. 119, no. 6, pp. 1696-1704.Ref ID: 1045 
N= N=61 Duration=1yr after completing 8 wk outpatient pulmonary rehabilitation program. Location=Italy 
Research Design The participants in this study had participated in a previous observational study, which evaluated the long-term effectiveness of 

pulmonary rehabilitation (Foglio et al 1999).   This RCT was designed for those pts completing the 1999 program.   
All participants had completed a pulmonary rehabilitation program (PRP1).  N=61 were randomised into two groups. 
Group 1 = completed a second pulmonary rehabilitation program (PRP2) 1 yr following the first PRP1 
Group 2 = acted as the control and did not received any intervention 
At two years both group 1 and group 2 received pulmonary rehabilitation (known as PRP3) 

Aim Can pulmonary rehabilitation lead to similar short term gains at successive, yearly interventions 
Is there any real clinical or physiological long-term benefit by yearly repetition of pulmonary rehabilitation programs (PRPs)?   

Operational Definition Diagnosis of COPD was made according to the ATS guidelines.   
Asthma was defined as variable airflow limitation with reversible obstruction (range 12-15%, mean +/- SD 28 +/- 10%). 
Day hospital based pulmonary rehabilitation included exercise training, education and psychosocial support.  Duration of program 
not detailed.  

Population CAO (26 COPD, 35 asthma) 
Intervention  At 1 year following completion of PRP1, group 1 completed a second PRP (PRP2).   
Comparison At 1 year following completion of PRP1, group 2 received no intervention. (Control) 
 One year later, both groups performed a third PRP (PRP3). 
Outcomes Lung function, cycloergometry, walking test, dyspnoea, HRQL assessed before and after PRP2 and before and after PRP3.  The 

numbers of hospitalisations and exacerbations over the year were also recorded. 
Characteristics Concomitant medications – Asthmatic pts received inhaled steroids and bronchodilators, whereas all COPD pts received regular 

treatment with inhaled bronchodilators.  No COPD pts received regular treatment with inhaled or oral steroids. 
Age, sex & FEV1 % predicted – Split for 8 groups, no overall total or range given.  Ethnic origin not given.  

Results  Lung & Respiratory Function 
There was no significant change over time for lung & respiratory muscle function in either group. 
Exercise Tolerance (6MWD and cycloergometry peak workload)  
Following PRP2 intervention / control period, exercise tolerance increased in the PRP 2 group.   However, this benefit was lost 
again such that exercise tolerance in pts of group1 was not significantly different from control subjects who did not attend any other 



PRP but PRP1. 
PRP3 resulted in a new improvement in exercise tolerance for both groups (p<0.05) 
Dyspnoea (BDI and TDI) 
Each PRP was followed by an improvement in the TDI, but no difference was observed between the two groups at any time in 
either index. 
Quality of Life (SGRQ) 
One year later, pts of group 1 did not differ from pts of group 2 in any outcome parameter, such that in comparison to before PRP1, 
only HRQL was still better in both groups 24 months after PRP1.   
Hospitalisation & Exacerbations 
Yearly hospitalisations and exacerbations per pt significantly decreased in both groups in the 2 yrs following PRP1, when compared 
to the 2 yrs prior. 
At the 24 month follow up visit, a further reduction in yearly exacerbations was observed only in group 1 but not in group 2 in 
comparison to what was observed at the 12 month follow up visit. 
NB which component of the program influenced this result is not clear. 
Mortality 
No patients died during the study. 
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Author / Title / Reference / Yr  Roomi, J., Johnson, M. M., Waters, K., Yohannes, A., Helm, A., & Connolly, M. J. 1996, "Respiratory rehabilitation, exercise 

capacity and quality of life in chronic airways disease in old age", Age and Ageing, vol. 25, no. 1, pp. 12-16.Ref ID: 1226 
N= N=15.  Location=England.  Duration 12 wks of incremental respiratory rehabilitation.  
Research Design Case-control study for 6-minute walk distance only.  Subjects with aged matched controls. 

Observational study (excluding above component). 
Aim Aimed to: a) assess repeatability of the 6 minute walk test, factors affecting it and its relation to quality of life in elderly pts with 

chronic obstructive airways disease; b) assess compliance of such pts with an intensive respiratory rehabilitation protocol; c) pilot 
the assessment of the effect of respiratory rehabilitation on the 6-minute walk test in these pts. 

Operational Definition FEV1 less than 60% of predicted, FEV1/FVC ratio less than 60% and less than 15% increase in FEV1 after 5 mg nebulised 
salbutamol. 

Case Population Elderly pts with COAD (aged 70-89 yrs, mean age 76yrs). 
Control Population Aged matched ambulant, community dwelling controls with normal respiratory function were recruited for a baseline 6-minute walk 



distance only.  (Providing comparative data on 6-minute walk distances for normal elderly persons).  
Intervention Pts attended the geriatrics day hospital for 14 wks.  They received 12 wks incremental respiratory rehabilitation (x4 / day step-ups, 

un weighted arm raises, inflating balloons). 
Outcomes Lung function / 6-minute walk test / Guyatt respiratory questionnaire 
Characteristics Subjects N=15 - Males N=6 / Mean (standard deviation) FEV1=49 (5)% predicted. / Mean age 76yrs / Co morbidity includes 

ischaemic heart disease, controlled left ventricular failure, peripheral vascular disease, osteoarthrosis of knees, Parkinson’s disease, 
symptomatic spinal osteoporosis.  
Controls N=25 - Males N=12 / Mean age 77yrs. 

Results  The 95% confidence limits for repeat 6-minute walking distance in the subject group were –62.35m to 63.65m.  Mean (SEM) 6-
minute walk distance for controls was 409 (13.9)m.  
Baseline 6 minute walk was repeatable and was correlated with log Guyatt dyspnoea score (r=0.65, p=0.006). 
Multiple regression demonstrated that neither age nor FEV1 predicted walk distance, but the following were independent predictors 
of pre-programme 6-minute walk distance; maximal expiratory mouth pressure (t=2.54, p=0.039); calorie intake (t=2.52, p=0.040) 
and (negatively) body mass index (t= -3.1, p=0.018). 
Mean (SEM) 6-minute walk distance after rehabilitation was greater than baseline (p=0.003).  
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Author / Title / Reference / Yr  Wijkstra, P. J., TenVergert, E. M., van, A., Otten, V., Kraan, J., Postma, D. S., & Koeter, G. H. 1995, "Long term benefits of 

rehabilitation at home on quality of life and exercise tolerance in patients with chronic obstructive pulmonary disease", Thorax, vol. 
50, no. 8, pp. 824-828.  Ref ID: 1030 

N= N=36 Location=Netherlands 
Research Design RCT 
Aim To assess the long term effects of 1/12 physiotherapy vs once weekly physiotherapy at home after a comprehensive home 

rehabilitation program. 
Operational Definition COPD defined as per ATS criteria 
Population Severe airways obstruction (FEV1 <60% predicted and FEV1/IVC <50% after bronchodilator) 
Intervention & Comparison Group A & B started a rehabilitation program for 18 months 

During the first 12 wks, both group A&B were visited by a physiotherapist twice week for a session of 0.5 hrs.  Pts were also 



coached 1/12 by both GP & nurse.   
After 12 wks: 
Group A visited the physiotherapist for a weekly 0.5 hr session N=11 
Group B had a monthly session of 0.5hr N=12 
Group C received no rehabilitation at all N=13 

Outcomes Measures were recorded at baseline, 3, 6, 12 & 18 months. 
QoL / Exercise Tolerance / Lung Function  

Characteristics Mean age – 63yrs / 83% males / Mean (SD) FEV1 1.3 (0.4) L, FEV1/inspiratory vital capacity 37.2 (7.9%) 
Results  Lung Function 

Analyses within the groups showed a significant (p<0.05) decrease in FEV1 in group B at 3/12 compared with the baseline value.  
There were no other FEV1 significant differences. 
IVC in group C (control group), decreased significantly at 3, 12, and 18 months compared with the baseline.  
QoL 
Only group B had significantly higher scores for all dimensions at all time points compared with the baseline values.  In addition, 
the sum score for quality of life in both groups A & B was higher at all time points compared with their baseline value, and reached 
significance (p<0.05) in only group B at all time points. 
Six Minute Walking Distance 
The 6 minute walking distance of group C (control) decreased significantly at 12 & 18 months compared with the baseline value, 
while no changes were seen in groups A & B. 
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Author / Title / Reference / Yr  Wijkstra, P. J., van, d., Kraan, J., van, A., Koeter, G. H., & Postma, D. S. 1996, "Effects of home rehabilitation on physical 

performance in patients with chronic obstructive pulmonary disease (COPD)", European Respiratory Journal, vol. 9, no. 1, pp. 104-
110.  Ref ID: 1033 

N= N=43 Duration=12wks Location=Netherlands 
Research Design RCT 
Aim Investigated whether 12 wks of rehabilitation at home in pts with COPD had a beneficial effect on lactate production, metabolic gas 

exchange data, workload of the inspiratory muscles, and dyspnoea during a maximal bicycle ergometer test.  
Operational Definition COPD as per ATS criteria 

Two groups of 15 pts each started a rehabilitation programme for 18 months, whilst one group of 15 pts formed a control group.  



During the first 12 wks, both rehabilitation groups received the same programme.  They then received a different follow-up of 
physiotherapy.  The pts of both rehabilitation groups were pooled, since the effects of rehabilitation during the first 12 wks had been 
investigated.   
Pts carried out a home rehabilitation programme and were supervised by a multidisciplinary team.  The physiotherapy programme 
consisted of relaxation exercises, breathing retraining, upper limb training, target flow inspiratory muscle training (IMT) and 
exercise training on a home trainer.  In addition to the physical training, a nurse and GP supervised pts once a month. 

Population COPD with severe airways obstruction (Entry criteria FEV1 <60% predicted, FV1/IVC <50% after bronchodilator) 
Intervention 12 wk home rehabilitation programme (N=28).   
Comparison No rehabilitation (N=15) 
Outcomes Exercise tolerance (6MWD and maximal workload (Wmax during cycle ergometer test)), inspiratory muscle workload (tension time 

index (TTI)) and dyspnoea at Wmax with Borg scale. 
Characteristics Concomitant medication included inhaled corticosteroids, inhaled anticholinergic and / or inhaled beta agonist 

Average age – 63yr / Sex – 86% male / Mean FEV1 1.3 L, 44% predicted, mean FEV1/IVC 37+/-8%  
Results  Cycle ergometer test 

The rehabilitation group showed an improved Wmax (p<0.05) of 10% (from 70 to 78) after 12 wks.  Wmax decreased by 9% in the 
control group, the difference between the two groups being significant (p<0.01). 
The symptom limited VO2 (VO2-SL) in the rehabilitation group was also significantly higher after 12 wks compared to the control 
group (p<0.05). 
The dyspnoea score of the rehabilitation group at Wmax was lower (p<0.01) after 12 wks compared to baseline; there was no 
significant difference from baseline in the control group. 
The rehabilitation group showed a significant decrease in TTI both at rest (p<0.01) and at Wmax (p<0.05) after 12 wks.  This group 
had a decrease in maximal lactate production (p<0.05) of 0.6 mEq.L-1  after 12 wks compared to baseline.  Decreases in TTI and 
lactate were found at a significantly higher Wmax compared to baseline (78 vs 70 W).  The decrease in the TTI at Wmax in the 
rehabilitation group was due to a decrease in the ratio tI/t tot (from 0.38 to 0.33; p<0.05) and an increase of sniff Poes (from 8.0 to 8.4 
kPa) and the ratio tI/t tot (from 0.38 to 0.37) were not significant in the control group. 
Although both dyspnoea and TTI at Wmax decreased in the rehabilitation group, the changes were not significantly correlated to 
each other.  Minute ventilation measure after 12 wks at identical baseline workloads, showed a significant decrease in the 
rehabilitation group (from 31.8 (9.9) to 29.4 (9.6) L.min-1; p<0.01.  In the control group there was a non-significant decrease in VE 
assessed a t the same workload from 34.9 (9.0) to 32.4 (9.0) L.min-1.  Whilst only six pts from the control group reached their 
baseline Wmax, 23 pts from the rehabilitation group reached their baseline Wmax. 
Six minute walking distance 
The 6MWD increased significantly in the rehabilitation group from 438 (84) to 447 (87) m.  In contrast, the control group showed a 
decrease from 472 (121) to 444 (141) m, the difference between the two groups being significant (p<0.05). 

SIGN Quality Rating - 
Hierarchy of Evidence 1b 



Grading 
NCC CC ID 1033 
 
 
Author / Title / Reference / Yr  Troosters, T., Gosselink, R., & Decramer, M. 2000, "Short- and long-term effects of outpatient rehabilitation in patients with chronic 

obstructive pulmonary disease: A randomized trial", American Journal of Medicine, vol. 15 Aug 00, no. 3, p. pp-212.  Ref ID: 1043 
N= N=100 Duration=6 months Location=Belgium 
Research Design RCT 
Aim Investigate short and long term effects of a 6/12 outpatient-training program as compared with usual care. 
Operational Definition FEV1 <65% predicted.  
Population Severe COPD 
Intervention Outpatient training program including cycling, walking and strength training (N=50) 
Comparison Usual care (N=50).  Details of usual care not described. 
Outcomes Measurements were made at enrolment, 6 and 18 months.  

Pulmonary function, functional and maximal exercise capacity, peripheral and respiratory muscle strength and QoL. 
Cost effectiveness. 

Characteristics Concomitant medications – not detailed  
Age – Mean age in the control group = 63yrs / mean age in the training group 61 yrs.  
Sex – 90% male 
Ethnic origin – not detailed  
Mean FEV1 (% predicted) at baseline – Control group 43% / training group 41%  

Results  Compared with usual care, there were no significant effects of the training program on measures of pulmonary function. 
At 6/12, the training group showed improvement in 6MWD (mean difference, training – control, of 52 m; 95% CI, 15 to 89m, 
maximal work load (12 W; 95% CI, 6 to 19W), maximal oxygen uptake (0.26 litres/min; 95% CI, 0.07 to 0.45 l/min), quadriceps 
force (11 cm H2O; 95% CI, 3 to 20 cm H2O)) and QoL (14 points; 95% CI 6 to 21 points; all p<0.05).    
At 18 months all these differences persisted (p<0.05) except for inspiratory muscle strength. 
For 6MWD and QoL, the differences between the training group controls at 18 months exceeded the minimal clinically important 
difference.  
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Author / Title / Reference / Yr  Green, R. H., Singh, S. J., Williams, J., & Morgan, M. D. 2001, "A randomised controlled trial of four weeks versus seven weeks of 

pulmonary rehabilitation in chronic obstructive pulmonary disease", Thorax, vol. 56, pp. 143-145. Ref ID: 1047 
N= N=44 Location=UK 
Research Design RCT 
Aim To determine whether a shortened four wk pulmonary rehabilitation programme would provide equal benefits to pts in terms of 

improvements in health status and exercise capacity.  
Operational Definition FEV1 <80%, ratio of FEV1 to forced vital capacity <70% 
Population COPD  
Intervention Standard 7-week twice-weekly outpatient based pulmonary rehabilitation programme (comprising of disease education and exercise 

training including aerobic walking, general mobility and strength training.  The educational component comprised 14 sessions of 
discussions and practical demonstrations from a range of health care professionals.) 

Comparison Comparable but shortened four-week course (Identical to above but shortened training programme). 
Outcomes CRQ / Breathing Problems Questionnaire (BPQ) / the incremental shuttle walking test (SWT) / treadmill endurance test (TET) 
Characteristics Age – Mean 69yrs / Sex – 61% male / Mean FEV1 at screening visit was 1.03 L for the 4wk group and 1.08 L for the 7wk group.   
Results  There were clinically relevant differences in the baseline shuttle walking test distance and in the CRQ domains of fatigue, emotion 

and mastery.  However the authors state that the analysis of covariance model allows for these inequalities and that a true difference 
between the two lengths of treatment is demonstrated by the outcome results: 
   
                        4wk group at baseline          7wk group at baseline 
SWT  140.00 m  187.6 m 
CRQ fatigue 2.86   3.42 
CRQ emotion 3.64   4.36 
CRQ mastery 3.60   4.34 
 
Outcome measures: 
Pts who completed the 7 wk rehabilitation programme had greater improvements in all outcome measure than those undertaking the 
four wk course.  These differences reached clinical and statistical significance for the: 
  Total CRQ score, mean difference –0.61, 95% CI –0.15 to –1.08, p<0.05   
  CRQ dyspnoea –0.80, 95% CI –0.13 to –1.48, p<0.05. 
  CRQ emotion –0.89, 95% CI –0.33 to –1.45, p<0.005. 
  CRQ mastery -0.84, 95% CI –0.10 to –1.58, p<0.5 
There were no statistically significant differences in exercise assessment. 
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Author / Title / Reference / Yr  Wedzicha, J. A., Bestall, J. C., Garrod, R., Garnham, R., Paul, E. A., & Jones, P. W. 1998, "Randomized controlled trial of 

pulmonary rehabilitation in severe chronic obstructive pulmonary disease patients, stratified with the MRC dyspnoea scale", 
European Respiratory Journal, vol. 12, no. 2, pp. 363-369.  Ref ID: 222 

N= N=126 Duration=8wk programme. Location=UK. Setting: 1.  Moderately dyspnoeic participant interventions were carried out in a 
hospital outpatient setting.  2. Severely dyspnoeic participant interventions were carried out at home.  

Research Design RCT 
Aim To investigate whether there is heterogeneity in the response to exercise training in severe COPD patients with different degrees of 

disability.   
Operational Definition FEV1 <70% predicted with <15% reversibility to inhaled salbutamol. 
Population COPD 

Participants were stratified according to the level of dyspnoea into moderately dyspnoeic and severely dyspnoeic groups 

Intervention Exercise plus education (exercise group)  
Comparison Education (control group) 
Outcomes Shuttle walking distance / exercise performance / health status. 
Characteristics 70 males / 68 females / Median age 70 yrs (range 44 – 81)  
Results  Statistically significant improvement in shuttle walking distance in the moderate dyspnoeic group who received exercise training, 

baseline 191 +/-22 m, post rehabilitation 279 +/- 22 m  (p<0.001). 
There was no improvement in exercise performance in the severely dyspnoeic patients receiving exercise.   
Neither group of control patients improved. 
Health status, assessed by the CRDQ increased in the moderately dyspnoeic patients receiving exercised from 80+/-18 to 95 +/- 17 
(p<0.0001) after rehabilitation.  The moderately disabled control group and both treatment arms of the severely disabled group 
all showed smaller, but statistically significant improvements (p<0.05). 
There was no change in the EADL scores after rehabilitation in any group. 
There were no changes in spirometry or blood gases after the rehabilitation programmes in any of the four treatment groups. 
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Author / Title / Reference / Yr  Lacasse, Y., Wong, E., Guyatt, G. H., King, D., Cook, D. J., & Goldstein, R. S. 1996, "Meta-analysis of respiratory rehabilitation in 

chronic obstructive pulmonary disease", Lancet, vol. 348, no. 9035, pp. 1115-1119.Ref ID: 235 
N= N=14 trials  
Research Design Meta analysis 
Operational Definition 90% of pts had a clinical diagnosis of COPD and either a best-recorded ratio of FEV1 to FVC of less than 0.7 or a best-recorded 

FEV1 of less than 70% of the predicted value.  
Population COPD  
Intervention Inpatient, outpatient, or home based rehabilitation programme of at least 4wk duration that included exercise therapy with or 

without any form of education, psychological support for pts with exercise limitation attributable to COPD.  
Comparison No rehabilitation 
Outcomes Exercise capacity / Health related quality of life (HRQOL) 
Characteristics Age - Mean age range across 14 trials 61-75 yrs. 

Most had severe COPD 
Sex – Total male / female split not detailed (breakdown given for each trial)  
Ethnic origin – Not detailed 

Results  Maximum exercise capacity (11 trials, N=309 pts) 
The pooled effect size achieved significance (0.3 SD 95% CI; 0.1 – 0.6), which corresponded, in incremental cycle ergometer test 
units to 8.3 W (95% CI; 2.8 - 16.5). Homogeneity was found among study findings (p=0.85).  This suggested that the effect of 
rehabilitation on maximum exercise capacity was constant across studies, irrespective of the duration or composition of the 
rehabilitation programme. 
Functional exercise capacity (11 trials, N=413 pts) 
Converting back to natural units for the 6-minute walk test (metre) the difference in response between the treatment and control 
group was 55.7 m (95% CI 27.8 – 92.8).  The limits of the CI were wider than the estimated minimum clinically important 
difference (MCID) (37-71m). 
The effect of respiratory rehabilitation on functional exercise capacity favoured the treatment group with a pooled effect size of 0.6 
SD (0.3 to 1.0).   
Heterogeneity among study results was apparent (p=0.0008) which could not be explained by subgroup analyses.  Post hoc analysis 
showed a significant difference between programmes of 6/12 duration and the other programme (93m vs 39.2; difference, 
p=0.0004)    
HRQOL 
12 of the 14 trials measured HRQOL and ten different instruments were used for the assessment.  Evidence of validity and 



responsiveness for only two of the instruments has been published.  Analysis of HRQOL was confined to the six trials in which one 
of these questionnaires was used. 
Dyspnoea (6 trials, N=234) Effect size 1.0 (0.6-1.5) p=0.12 
Fatigue (4 trials, N=207) Effect size 0.6 (0.3-0.8) p=0.36 
Emotional function (4 trials, N=207) Effect size 0.6 (0.2-1.0) p=0.68 
Mastery (4 trials, N=207) Effect size 0.6 (0.4-0.9) p=0.77  
For dyspnoea and mastery the overall treatment effect size was larger than the MCID: 1.0 (95% CI; 0.6-1.5) and 0.8 (95% CI; 0.5-
1.2) respectively, compared with a MCID of 0.5 

SIGN Quality Rating + 
Hierarchy of Evidence 
Grading 

1a 

NCC CC ID 235 
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Reardon 1994, Vallet 1994, Wijkstra 1994, Guell 1995, Strijbos 1996. 
 
 
Author / Title / Reference / Yr  Brooks, D., Krip, B., Mangovski-Alzamora, S., & Goldstein, R. S. 2002, "The effect of postrehabilitation programmes among 

individuals with chronic obstructive pulmonary disease", European Respiratory Journal, vol. 20, no. 1, pp. 20-29.Ref ID: 1051 
N= N=109 Duration=12 months Location=Canada 
Research Design RCT 
Aim Purpose of study was to examine the effects of two post rehabilitation programmes on functional exercise tolerance and health 

related quality of life  
Operational Definition Severe stable COPD (FEV1 <40% predicted, FEV1/FVC <0.7 

Pulmonary rehabilitation program consisted of pt education, psychosocial support and supervised exercises, of which breathing 
exercises, interval training, upper extremity training, leisure walking and treadmill or cycle exercise comprised the main 
components.  Outpatients exercised three times a wk at the centre and at home for 8 wks. 

Population Severe stable COPD.  Pts from both inpatient and outpatient programmes 
Intervention Enhanced follow up (EF).  Attended a monthly support group lead by a physical therapist and received a telephone call midpoint 

between their visits (2wks) 
Comparison Conventional Follow up (CF).  Visited physical therapist every 3/12 for 1 yr.  Asked standardised questions regarding illnesses or 

hospitalisations.  If any parts of the programme had been discontinued, they were encouraged to resume them. 
Outcomes Functional exercise tolerance / HRQL / Measured at 3, 6, 9 and 12 months 
Characteristics Age – 49 to 85yrs / Sex – 59% male / Ethnic origin – not detailed / Mean FEV1 L 0.70, FEV1 32 % pred, FEV1/FVC 36.8 at 

baseline 



Results  Using time and group as factors, there was no difference in the distance walked in 6 min between the two groups (p=0.3), but a 
significant difference for time (p<0.001) and interaction between time and group (p=0.03).  Post hoc analysis revealed that for the 
control group, distances walked at 6, 9 and 12 months were less than the distance at baseline (p<0.04).  For the EF group, distance 
walked at 12 months was less than all other measure (p<0.001). 
There was no difference in total chronic respiratory disease questionnaire score between groups at baseline or at any time interval.  
Secondary outcomes measures: 
There was no difference between groups in the SF-36 for the domains of: social activities, pain, mental health, role activities and 
general health. 
There was no difference in the number of respiratory exacerbations between the groups. 
Pulmonary function did not change between groups. 
The number of participants who reported performing their exercises did not differ between the two groups (X2 p=0.08) but 
deteriorated over time (p<0.001) 
Enhanced follow-up designed to promote programme adherence did not influence functional exercise capacity or HRQL 12 months 
post pulmonary rehabilitation.  Although the walking distances improved among the study group at 6/12, HRQL did not and by 1 yr 
the groups did not differ in either outcome  
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Author / Title / Reference / Yr  Chavannes, N., Vollenberg, J. J. H., van Schayck, C. P., & Wouters, E. F. M. 2002, "Effects of physical activity in mild to moderate 

COPD:  a systematic review", British Journal of General Practice pp. 574-578.Ref ID: 1230 
N= 5 studies.  Participants N=210  
Research Design Systematic Review (allowing inclusion for RCTs and cluster controlled trials only) 
Aim In general practice it is important that the advice given is clear, practical and acceptable to pts; characteristics that are not applicable 

to the complex, intensive, and exhaustive nature of pulmonary rehabilitation programmes.  The authors questioned what evidence 
was available in literature regarding the efficacy of physical activity on functional status and prognosis in pts with mild to moderate 
COPD.  A literature search was performed to find out whether physical activity has an influence on exercise tolerance, QoL and 
dyspnoea in pts with mild to moderate COPD and whether it influences the number of hospitalisation days and number of 
exacerbations, expressed as oral courses of prednisolone.  

Operational Definition Articles were excluded if they did not deal with the relationship between physical activity and COPD, only dealt with the training 



of highly specific muscle groups, only included severe CODP or if they were studies comparing two training programmes without 
control. 

Population Mild to moderate COPD (excluded severe COPD which was defined as FEV1 of 50% lower then predicted) 
Intervention Physical activity (general physical condition enhancement; e.g. walking, cycling, swimming or training of large muscle groups). 
Comparison A control group without intervention of physical activity 
Outcomes Exercise tolerance, QoL, dyspnoea, hospitalisations days and number of exacerbations, expressed as oral courses of Prednisolone. 
Characteristics Demographics not provided. 
Results  “Most of the studies showed significant differences between intervention and control groups with regard to exercise tolerance”.  

Diagram displaying random effects meta-analysis of physical activity on exercise tolerance (effect size and standard error given for 
each study only).  No numerical representation of confidence intervals or overall meta analysis.  No p values given.  Although a 
meta analysis is provided summarising the effects on exercise tolerance, the numbers were small and different outcomes had to be 
integrated to produce the figure (this is acknowledge by the authors) hence no real conclusion can be drawn. 
The effects of physical activity on QoL in pts with mild to moderate COPD were inconclusive.  The two studies involved used 
different instruments to assess QoL. 
No consistent effect was found on dyspnoea. 
None of the studies used numbers of hospitalisation days or prednisolone courses as outcome measurements.        
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Author / Title / Reference / Yr  Strijbos, J. H., Postma, D. S., vanAltena, R., Gimeno, F., & Koeter, G. H. 1996, "A comparison between an outpatient hospital-

based pulmonary rehabilitation program and a home-care pulmonary rehabilitation program in patients with COPD - A follow-up of 
18 months", Chest, vol. 109, no. 2, pp. 366-372. Ref ID: 236 

N= N=41 pts (completed18months) Duration=12 wks of rehabilitation and 18 months of follow-up. Location=Netherlands  
Research Design RCT.  Stratification for FEV1 and exercise tolerance, as measured by the walking distance. 
Aim The effects of hospital based outpatient pulmonary rehabilitation program (HRP) are compared with those of home-care 

rehabilitation program (HCRP) in COPD patients. 
Operational Definition Pa CO2 at rest of less than 6.5 kPa, and PaO2 at rest of more than 7.5 kPa; FEV1 post bronchodilatation between 600 and 1800 ml 



and less than 65% of predicted FEV1 
Population Moderate to severe stable COPD 
Interventions  Hospital based outpatient pulmonary rehabilitation (N=18)  – Pts came to the hospital twice a wk during 12 consecutive wks.  

The rehabilitation exercise took 1 h each session and was administered by a physiotherapist.  Pts were instructed to practice daily 
exercises individually for at least 15 min.  Pt education was given three times by a respiratory nurse during 1hr each.  All pts visited 
the physician three times. 
Home care rehabilitation (N=17) – The program for each patient was carried out at home by the local physiotherapist and home 
care nurse under supervision of the GP.  The local physiotherapist administered the individualised exercise programs during 24 
sessions of 30 min in 12 consecutive wks.  Pts were instructed to exercise individually at least 30 min on the exercise days and at 
least 15 min on the other days.  In addition, each pt was visited three times by the local home care nurse, who checked the use of 
medication, daily peak flow and motivated the pt to continue the exercises at home.  All pts visited the GP on three occasions 
during the 12 wks of rehabilitation. 
The rehabilitation program consisted of the following components: 
Patient education / Breathing and relaxation exercises / Bronchial Hygiene / Exercise Reconditioning  

Comparisons Control group (N=15) received no rehabilitation therapy they received standard medical treatment only. 
Outcomes Lung function / exercise performance (4 minute walking test and cycle ergometer test), dyspnoea, leg effort during exercise and 

well-being. 
Characteristics Airflow limitation (mean [SD] FEV1 % predicted, 42.8 [8.4]).  

Average age 61yrs 
60% used three or more different drugs for maintenance treatment.  
N=43 male 

Results  All pts were followed up for 18 months with five visits to the hospital, at the start of the study, directly after finishing the 
rehabilitation program (after 3/12 and 6, 12 and 18 months after the start of the program). 
Exercise Test 
Maximal Work Level (W max, Cycle Test) – Significantly different responses were observed among all groups (p=0.001). 
After the hospital rehabilitation program at 3 months, a significant increase in W max of 20% was observed.  However, throughout 
the follow-up period, W max deteriorated: at 12 and 18 months, no significant improvement was seen.  After the home care rehab 
however, an ongoing gradual improvement was observed throughout the complete follow-up period.    18 months after the start of 
the study, W max was still 21% above baseline.  Values at all follow up visits were significantly improved as compared with 
baseline after 12 and 18 months and also as compared with the control group.  Improvements in W max at follow up were better 
maintained after the home care program (p=0.014).  
4 Min Walking Distance – In both therapy groups a significant increase in walking distance was measured after the rehabilitation 
programs (p=0.001).  In the hospital group, distance covered in 4 min was significantly increased up to 6/12 compared with 
baseline.  After the homecare rehab, walking distance was significantly increased at all follow-up visits, up to 14% at the last visit 
after 18 months.  No significant differences were observed among the three groups at separate follow-up visits.    
Borg Scores During Cycle Test – Dyspnoea scores and scores for leg effort (Borg scale) at W max1 did not change significantly 



over 18 months in both therapy groups.  Significantly different responses among the three groups were observed for both dyspnoea 
and leg effort scores at similar work levels (W max2 p=0.004 and p=0.04 respectively).  In the hospital outpatient rehabilitation 
group similar work levels were attained with decreased dyspnoea scores up to 6 months after the start of the study.  The score for 
leg effort at these work levels showed only a significant improvement directly after the program at 3 months.  In the home care 
rehabilitation group significant improvements in dyspnoea scores were maintained up to 18 months and for leg effort up to 6 
months.  Improvements in dyspnoea scores were significantly better maintained at follow up after home care rehabilitation as 
compared with outpatient rehabilitation, whereas no significant differences for leg effort scores were observed between the two 
therapy groups.  
Exercise Parameter during Cycle Test – No significant differences in heart frequency or SaO2. 
General Well-Being – Significant improvements in general well-being were observed in both rehabilitation groups, directly after 
the program and at follow-up after 18 months.  In both rehab groups, a major proportion claimed an improved well-being directly 
after the program (12/15, p<0.01) and 11/15, p<0.05 respectively).  After 18 months, most patients (13/14) in the control group felt 
unchanged or even worse. 
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Author / Title / Reference / Yr  Troosters, T., Gosselink, R., & Decramer, M. 2001, "Exercise training in COPD:  how to distinguish responders from 

nonresponders.", Journal of Cardiopulmonary Rehabilitation, vol. 21, no. 1, pp. 10-17.  Ref ID: 1224 
N= N=49 pts evaluated.  Location=Belgium.  Duration12 wks of exercise training. 
Research Design Observational.  Before and after study. 
Aim Purpose of the trial was to investigate whether responders to an exercise-training program could be discriminated from non-

responders based on pre training physiological variables.   
Operational Definition “FEV1 37 (15) % pred” 
Population Moderate to severe COPD 
Methods 49 stable outpatients with COPD were evaluated before and after 12 wks of exercise training (3 times per week).   

Responders in exercise capacity were defined as having 15% increase in maximal workload and / or 25% increase in walking 
distance, while responders in QoL showed an improvement of at least 10 points on the CRD questionnaire.  With multivariate 
discriminant analysis, responders were distinguished from non-responders based upon their initial characteristics. 

Outcomes Measurement of pulmonary function, peripheral and respiratory muscle strength, exercise capacity & QoL. 
Characteristics Pts performed testing at inclusion and after 3/12 of outpatient pulmonary rehabilitation.  During this period, all pts continued their 

medical treatment. 



Results  N=32 pts (65%) met the criteria of responders in terms of improved exercise capacity. 
Ventilatory reserve, inspiratory muscle strength (PImax) (p<0.05) and peripheral muscle strength (handgrip force (p<0.01) and 
quadriceps strength (p<0.05)), and a measure of ventilatory limitation (VE/MVV, p<0.05) were significant predictors of the training 
response. 
No physiologic variables predicted whether a patient would increase quality of life after exercise training.  

SIGN Quality Rating No SIGN Checklist available for observational before and after design.   
Hierarchy of Evidence 
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Author / Title / Reference / Yr  Salman, G. F., Mosier, M. C., Beasley, B. W., Calkins, D. R. (2003). Rehabilitation for patients with chronic obstructive pulmonary 

disease: Meta-analysis of randomised controlled trials. J Gen Intern Med, 18, 213-221. 
N= N=20 trials (N=979 participants) 

Location=USA 
Sites=multiple-systematic review 

Research Design Meta-analysis: RCTs 
Aim To assess the effect of rehabilitation on exercise capacity and shortness of breath in patients with COPD, and to determine the 

optimal type and duration of rehabilitation programs. 
Operational Definition COPD was defined as forced expiratory volume in one second (FEV1) <70% predicted value or FEV1 Divided by forced vital 

capacity (FEV1/FVC) <70% predicted value. 
Population Adult mild/moderate and severe COPD 
Intervention Any type of rehabilitation (upper-extremity, lower-extremity, or respiratory muscle exercise) 3 times a week for at least 4 weeks. 
Comparison Control- no rehabilitation 
Outcome Exercise capacity measured by the walking test. 

Shortness of breath measured by the Chronic Respiratory Disease Questionnaire 
Characteristics Mild/moderate COPD 

N range: 14-200 
Age range: 59yrs-71yrs 
Average FEV1 values >35% or 0.8L 
Severe COPD 
Average FEV1 values <35% or 0.8L. 



N range: 14-77 
Age range: 63yrs-72.5yrs 
There were no significant differences between the number of patients who dropped out of the rehabilitation groups and the number 
of patients who dropped out of the control groups (p=0.639). 

Results  Walking test 
Pooled analysis (N=20 trials; N=979 participants) showed that the rehabilitation groups did significantly better (p<0.001) than 
control groups on the walking test. 
Subgroup analysis showed that the rehabilitation groups of trials that included mild/moderate COPD patients (<0.001) and trials 
that included severe COPD patients (p=0.005) did significantly better than control groups. 
Shortness of breath 
Pooled analysis (N=12 trials; N=723 participants) showed that the rehabilitation groups were significantly less (p<0.001) short of 
breath than were control groups. Subgroup analyses showed that the rehabilitation groups of the trials that included mild/moderate 
COPD patients (p<0.001) and trials that included severe COPD patients (p=0.155) were both significantly less short of breath than 
were control groups. 
Exercise capacity 
The rehabilitation groups in the trials that included at least lower-extremity training (N=18 trials) did significantly better (p<0.005) 
than control groups on the walking test.  
In the trials that included respiratory muscle training only (N=2 trials), there was no significant difference between rehabilitation 
and control groups. 
In the trials that included severe COPD patients, the rehabilitation groups did significantly better than control groups only when the 
rehabilitation programs were 6 months (p<0.005; N=4 trials) or longer. 
The rehabilitation groups of the trials that included patients with mild/moderate COPD did significantly better than control groups 
with both long (p=0.018; N=2 trials) and short-term (p=0.020; N=10 trials) rehabilitation programs. 
Shortness of breath 
Trials that included at least lower-extremity training (N=11trials) were significantly less (P=0.063) short of breath than were the 
control groups. One trial that included respiratory muscle training only showed that there was no significant difference in shortness 
of breath between rehabilitation and control groups. 
In trials that included severe COPD, the rehabilitation groups experienced less (p=0.742) shortness of breath than did control 
groups only when the rehabilitation programs were 6 months or longer (N=2 trials). 
Rehabilitation groups of the trials that included patients with mild/moderate COPD were less short of breath than were control 
groups in both long (p=0.391; N=2 trials) and short-term (p=0.386; N=6 trials) rehabilitation programs. 

SIGN Quality Rating ++ 
Hierarchy of Evidence 
Grading 

Ia 

Included Studies Lake (1990) N=14; Gosselink (1996) N=19; Wijkstra (1995) N=36; Simpson (1992) N=28; Guyatt (1993) N=82; Strijbos (1996) 
N=30; McGavin (1977) N=24; Cambach (1997) N=19; Cockcroft (1981) N=34; Bendstrup (1997) N=32; Sassi-Dambron (1995) 



N=77; Griffith (2000) N=200; Wedzicha (1998) N=56; Troosters (2000) N=62; Bauldoff (1996) N=20; Weiner (1992) N=24; 
Goldstein (1994) N=77; Jones (1985) N=14; Engstrom (1999) N=50; Wedzicha (1998) N=54; Guell, (2000) N=47. 
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Author / Title / Reference / Yr  Bestall, J. C., Garrod, P. R., Garnham, R., Jones, P. W., Wedzicha, J. A. (2003). Longitudinal trends in exercise capacity and health 

status after pulmonary rehabilitation in patients with COPD. Respiratory Medicine, 97, 173-180. 
N= N=128 participants 

Location = Respiratory out-patient clinic at the London Chest Hospital, UK 
Sites = 1 

Research Design RCT randomised controlled, 6 month and 1 year follow-up trial  
Aim To assess the long-term effect of pulmonary rehabilitation in patients with moderately disabling COPD that had received an 8 week 

training programme. 
Operational Definition COPD- FEV1 less than 15% reversibility to inhaled salbutamol (400mcg). 

Moderate dyspnoea as defined by the MRC Dyspnoea Scale 
Population COPD patients with moderate dyspnoea 

Inclusion criteria: 
History of COPD with FEV1 less than 15% reversibility to inhaled salbutamol (400mcg). 
Exclusion criteria: 
Patients with unstable angina, peripheral vascular disease, joint limiting mobility condition; 
Patients who were unable to understand and complete questionnaires 

Intervention Exercise training group  
Exercise training group received both exercise and education twice weekly for 8 weeks. 

Comparison Education group (control) 
Education group received education twice weekly for 8 weeks. 

Outcome Primary outcome measure 
Shuttle walking test 
 
Secondary outcome measure 
Health status 

Characteristics Total Group 
Median age (yrs)= 70 (range 44-81) 



N males/females= 70/68 
 
Exercise/Control Group 
Age (years) Exercise/control =68.2/69.2 
FEV1(l) exercise/control=0.93/1.00 
FEV1% predicted exercise/control=37/38 
FVC (l) exercise/control=2.60/2.52 
PaO2 (kPa) exercise/control=8.99/8.62 
PaCO2 (kPa) exercise/control=5.80/5.75 
Shuttle (m) exercise/control=195/220 
SGRQ total exercise/control=51.0/51.9 
CRQ total exercise/control=79.9/85.6 
HAD depression exercise/control=4.5/4.6 
EADL exercise/control=18/18 

Results  Primary outcome measure 
Shuttle Walking Distance 
Exercise tolerance 1 year compared to post-rehabilitation 
There was a steady decline in SWD during the follow-up period (F1,44=15.97, p<0.0001). The exercise group had a mean (95%) 
decline of –60 (-31 to –90)m and the control group declined by a mean (95%CI) of –23(-5 to 52)m from 8 weeks to 1 year. 
 
Exercise tolerance after 1 year compared to baseline 
There was a significant difference between SWD measured at baseline and 1 year between the two groups (main effect F1,43=6.42, 
p=0.015). The exercise group had a mean (95% CI) increase of 28 (-9 to 65)m whereas the control group had a mean (95% CI) 
decline of –40(-3 to 84)m. The changes within groups were not statistically different. 
 
Lung Function 
There was no change in lung function over time. 
Secondary outcome measure 
Health status 
Chronic Respiratory Disease Questionnaire 1 year compared to post-rehabilitation 
There were differences between the groups (F1,44 =6.28, p<0.016) and there was a significant change over time (F1,44=6.75, 
p<0.002) due to a steady decline in both groups. The exercise group had a mean (95% CI) decline of –8(-15 to –0.5) and the control 
group declined by a mean (95% CI) of –6(-11 to 0.6) from 8 weeks to 1 year. 
 
Chronic Respiratory Disease Questionnaire after 1 year compared to baseline 
There was no significant difference between CRDQ total score at baseline and that measured 1 year after rehabilitation between 



exercise and control groups. Health status improvements were therefore only maintained up to 6 months, but not up to 1 year. 
 
St. George’s Respiratory Questionnaire1 year compared to post-rehabilitation 
Showed no significant change over time (F1,44=1.273, p=0.265) but significant variability between intervention groups (F1,43=4.24, 
p<0.05). The exercise group improved by a mean (95% CI) of –2 (-7 to 3) points and the control group by a mean of –4 (-8 to 1) 
points. 

SIGN Quality Rating ++ 
Hierarchy of Evidence 
Grading 

Ib 
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Author / Title / Reference / Yr  van ‘t Hul, A., Kwakkel, G., Gosselink, R. (2002). The acute effects of non-invasive ventilatory support during exercise on exercise 

endurance and dyspnoea in patients with chronic obstructive pulmonary disease: A systematic review. Journal of Cardiopulmonary 
Rehabilitation, 22, 290-297. 

N= N=7 studies (N participants range from N=6 to N=39) Total N=96 participants 
Sites=Multiple  

Research Design Meta-analysis of RCT’s (all crossover designs) 
Aim The aim of the study was to evaluate the effectiveness of different modes of NIVS during exercise to reduce exertional dyspnea and 

improve exercise endurance acutely, in patients with COPD. 
Operational Definition COPD as defined by the European Respiratory Society definition. 
Population Adult patients with COPD  
Intervention Non-invasive ventilatory support (N participants range from N=6 to N=39) 
Comparison Placebo (crossover studies- N= as above) 
Outcome Exertional dyspnoea 

Effect of NIVS on exercise endurance 
Effects of different modes of NIVS on exercise endurance, i.e. CPAP, PS and PAV 

Characteristics Mean age=64 years 
Severe airways obstruction with a mean forced expiratory volume in 1 second of 0.97 L. (35% predicted). 

Results  Exertional dyspnoea 
A statistically significant summary effect size was found for the outcome measure exertional dyspnoea (0.57; CI 0.04-1.07; 
p=0.03). The overall heterogeneity statistic was not significant (X2=0.28; p=NS). The average (weighted) improvement in Borg 
score for dyspnoea during exercise with NIVS was 2 points (35% of control phase) below dyspnoea scores during the control phase 
at isotime points. 



Effect of NIVS on exercise endurance 
In the best-case scenario of the effect of NIVS on exercise endurance, a statistically significant summary effect size was found 
(0.58; CI 0.29-0.87; p<0.001). The overall heterogeneity statistic was not significant (X2  =3.95; p=NS). This summary effect size 
reflects a mean (weighted) improvement in exercise endurance of 3.3 minutes (55% of control phase). 
In the worst case scenario, the calculated summary effect size on exercise endurance was still statistically significant (0.33; CI 0.05-
0.62; p=0.02), representing an average (weighted) increase in exercise endurance of 1.7 minutes (30% of control phase). The 
heterogeneity statistic was again not significant (X2 =2.3; p=NS). 
Effects of different modes of NIVS on exercise endurance, i.e. CPAP, PS and PAV 
      A significant homogeneous (X2=0.02; p=NS) summary effect size was found only for PS (0.41; CI 0.06-0.77; p=0.03)   
 
representing an average (weighted) improvement in exercise endurance of 2.2 minutes (45% of control phase). 
 

SIGN Quality Rating ++ 
This reflects the quality of the meta-analysis not the quality of the studies reviewed in the meta-analysis. The paper documents that 
the methodological quality score of the included papers varied from 31% to 54% of the maximum score of 13 points. 

Hierarchy of Evidence 
Grading 

Ia 

Included studies O’Donnell et al (1988) N=6; Keilty et al (1994) N=8; Chrusch et al (1996) N=10; Dolmage et al (1997) N=10; Bianchi et al (1998) 
N=15; van’t Hul et al (2001) N=39; Hernandez et al (2001) N=8 
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