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METHODS 

 

Patients – We extracted data from the Integrated Knowledge System based on BioXM™ 

(Biomax Informatics AG, Munich, Germany) of 3,349 patients with the diagnosis of COPD who 

were evaluated during the initial assessment of a comprehensive PR program at CIRO+, centre 

of expertise for chronic organ failure in Horn (The Netherlands) between January 2006 to 

December 2012 (16).  Of these records, 2,068 patients (42.9% women) met the following 

inclusion criteria: a primary diagnosis of COPD, a post-bronchodilator FEV1/FVC ratio of ≤0.70, 

and not representing a repeat admission to the PR service for the same patient.  Ethical 

approval was not indicated because all of the tests were done as part of the routine initial 

assessment (16), and analysed retrospectively.  The Board of Directors of CIRO+ approved the 

use of de-identified patients’ records.   

 

Testing - As part of routine 3-day initial assessment (16), patients underwent, amongst other 

tests and questionnaires, a maximal incremental cycle test where peak work rate was 

determined.  Subsequently, on a different day, patients performed a constant work rate test at 

75% of the determined peak work rate (17).  Patients also performed two 6-min walk tests (18) 

while the test with the longest 6-min walk distance (6MWD) was used for further analysis.  All 

tests were done according to international guidelines (19-21).  Spirometry, physical 

examination, medical history, and Medical Research Council (MRC) dyspnoea scale were 

obtained.  Patients underwent an intake by an occupational therapist, including the Canadian 



Occupational Performance Measure (COPM) to identify and discuss specific problematic 

activities of daily life (22).  In addition, patients identified their perception of how well they 

were performing the problematic activities of daily life (performance score; COPM-P) and how 

satisfied they were with this level of performance (satisfaction score; COPM-S).  These scores 

were ascertained by using the cue cards to identify a score between 1 (‘not able to do it’ or ’not 

at all satisfied’, respectively) to 10 points (‘able to do it extremely well’ or ’extremely satisfied’).  

The COPM is reliable in COPD (23) and responsive to PR (15).  Mood status has been assessed 

using the  Hospital Anxiety and Depression Scale (HADS) (24).  HADS is divided in an anxiety 

subscale (HADS-A) and a depression subscale (HADS-D).  Total scores for each subscale can 

range from 0 (=optimal) to 21 (=worst) points.  A score from 8 to 10 indicates a mild mood 

disturbance, a score from 11 to 14 a moderate mood disturbance and a score from 12 to 21 a 

severe mood disturbance (24).  For assessment of disease-specific health status, the St. George 

Respiratory Questionnaire (SGRQ) has been used.  The SGRQ consists of 50 items, divided in 

three domains (symptoms, activities and impact), providing three domain scores.  A total score 

is also provided (SGRQ-T).  Scores can range from 0 (=optimal) to 100 points (=worst) (25). 

 

Intervention – All patients underwent a PR, as described before (26).  In brief, CIRO+ provides a 

state-of-the-art interdisciplinary PR program for patients with COPD consisting of 40 sessions, 

in line with the 2013 ATS/ERS Statement on PR (1). PR can be inpatient (8 weeks, 5 days/week) 

or outpatient (8 weeks, 3 half days/week, followed by 8 weeks 2 half days/week).  The 

outpatient PR programs took place in the CIRO+ rehabilitation network.  During baseline 

assessment a careful characterization of the extra-pulmonary features of patients with COPD 

was performed, which determined the application of various treatments: physical exercise 

training, occupational therapy, nutritional counseling, psychosocial counseling, education and 



exacerbation management.  Physical exercise training was the cornerstone of the program, 

consisting of strengthening exercises, treadmill walking and stationary cycling.  All exercises 

were performed at moderate to high intensity to obtain an overload stimulus.  Moreover, the 

training intensity increased during the rehabilitation period, based on dyspnea and fatigue 

symptom scores.  All patients underwent flexibility exercises, general physical exercise for 

lower and upper extremities, and daily supervised 30-min outdoor walks.  Patients, who were 

too dyspneic to perform endurance/interval/resistance training, received lower-limb high-

frequency neuromuscular electrical stimulation (27). 

 

Statistics – All statistical analyses were performed using Viscovery® Data Mining Suite, version 

6.1 by Viscovery Software GmbH (www.viscovery.net).  Self-organizing maps (SOMs) were 

used to create an ordered representation of the multidimensional response data.  The SOM 

method can be viewed as a non-parametric regression technique that converts 

multidimensional data spaces into lower dimensional abstractions.  A SOM generates a non-

linear representation of the data distribution and allows users to identify homogenous data 

groups visually.  In brief, patients were ordered by their overall similarity with regard to their 

multidimensional response profile, which comprises the overall response based on the 

weighted standardized differences between initial and outcome assessment of all eight 

response indicators (MRC, 6MWD, cycle endurance time, COPM-P, COPM-S, HADS-A, HADS-D, 

and SGRQ-T) as well as the differences in each of these response indicators itself.   

When creating a SOM, no replacement of missing values is necessary, since only existing values 

are used to find the best matching position for each patient.  However, missing values in the 

overall response were not accepted for the analysis.  To calculate the overall response, the 

eight response indicators were each given a weight based on importance and also based on the 

http://www.viscovery.net/


number of patients with missing values of the respective indicator.  These 8 weights sum up to 

1.  Counting only the weights of the existing response indicators, the sum should be 0.5 or 

higher for each patient to be included in the analyses.  Yet some indicators might still be 

missing for a patient such that the weights of the existing indicators were all scaled by the 

same factor to sum up to 1 on an individual patient basis.  Finally, the overall response of a 

patient is the sum of the scaled weighted standardized response indicators that exist.   

Four clusters of patients with substantially different response profiles have been generated 

based on the SOM-Ward Cluster algorithm of Viscovery, a hybrid algorithm that applies the 

classical hierarchical method of Ward on top of the SOM topology.  Viscovery automatically 

identified for each cluster the baseline clinical characteristics that differed significantly from 

the other 3 clusters using the integrated two-sided T-test with a confidence level of 99%.  On 

top of the model containing all 2,068 patients, separate SOM models have been generated for 

the following groups of patients in order to account for substantial differences in the baseline 

characteristics: male patients without long-term oxygen therapy (1,012 patients), female 

patients without long-term oxygen therapy (740 patients), male patients with long-term 

oxygen therapy (168 patients), and female patients with long-term oxygen therapy (148 

patients), each of which was split up into 4 clusters with substantially different response 

profiles.  Exported data shown in the tables are presented as mean (standard deviation) for 

quantitative variables, and percentage for discrete variables.  The following attributes 

characterize the response in terms of the percentage of negative, substantial, and outstanding 

outcomes all based on the weighted existing ones of the 8 response indicators: Negative 

outcomes is the percentage of outcomes with a deterioration compared to initial values; 

substantial outcomes is the percentage of outcomes exceeding at least once the Minimal 

Clinically Important Difference (MCID); and outstanding outcomes is the percentage of 



outcomes exceeding the MCID at least twice.  The following MCIDs were used:  -1 grade on 

MRC dyspnoea scale (8); +30 m on 6MWD (21, 28); +100 s on cycle endurance time (13); +2 

points on COPM-P (15); +2 points on COPM-S (15); -1.5 points on HADS-A (29); -1.5 points on 

HADS-D (29); and -4 points on SGRQ-T (30).  

 

 

 

  



Table E1.  Overview of pulmonary and non-pulmonary drug treatments 

 All patients 
 
(n=2068; 100%) 

Men without 
LTOT 
(n=1012; 48.9%) 

Women without 
LTOT 
(n=740; 35.8%) 

Men with LTOT 
 
(n=168; 8.1%) 

Women with 
LTOT 
(n=148; 7.2%) 

Short acting β2-
agonists (SABA), % 
patients 36.2 31.4 40.5 41.8 40.9 
Short-acting 
anticholinergics 
(SAMA) , % patients 11.1 10.6 10.8 11.5 15.5 
SABA/SAMA 
combination, % 
patients 23.1 20.4 17.6 45.5 43.6 
Long-acting β2-
agonists (LABA) , % 
patients 31.2 31.6 33.0 26.1 25.4 
Long-acting 
anticholinergics 
(LAMA), % patients 75.1 74.6 76.8 73.3 71.8 
Inhaled 
corticosteroids (ICS), % 
patients 17.4 15.7 18.0 23.6 19.0 
ICS/LABA 
combination, % 
patients 61.9 61.9 60.6 63.6 66.2 
Theolair, % patients 14.5 13.6 10.0 27.3 29.6 
Oral corticosteroids, % 
patients 16.7 12.6 11.6 49.1 33.8 
ACE/ARB, % patients 26.1 29.7 23.2 21.8 21.1 

 blockers, % patients 16.7 19.3 13.9 18.2 10.6 
Calcium blockers, % 
patients 15.0 15.6 12.9 21.8 12.7 
Anti-arrythmica, % 
patients 5.2 6.6 2.3 10.3 4.2 
Nitrates, % patients 9.9 11.9 6.3 14.6 9.2 
Diuretics, % patients 25.2 23.7 20.3 39.4 44.4 
Anti-limpaemica, % 
patients 26.8 32.0 20.2 29.1 21.8 
Ant-aggregates, % 
patients 26.6 33.7 17.0 31.5 20.4 
Coumarines, % 
patients 7.9 8.7 6.1 10.3 8.5 
Oral anti-
diabetica/insulin, % 
patients 8.1 9.6 3.7 17.6 9.9 
Calcium and/or vitamin 
D supplements, % 
patients 13.6 9.4 14.2 23.0 28.9 
Bisphosphonates, % 
patients 13.9 9.8 12.5 26.7 35.2 
Anti-depressives, % 
patients 12.2 8.5 15.8 16.4 14.8 
Anxiolytics, % patients 13.9 7.5 16.9 20.6 35.9 
Sleep medication, % 
patients 9.7 7.1 12.1 9.1 16.2 
Paracetamol, % 
patients 6.1 4.5 6.4 9.1 12.0 
NSAIDs, % patients 5.3 4.9 6.0 4.9 4.9 
Proton-pump 
inhibitor, % patients 34.8 31.2 31.1 55.2 55.6 
Antibiotics, % patients 7.7 5.3 5.0 29.7 12.7 



Acetylcystein, % 
patients 28.1 25.2 21.5 56.4 50.0 
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Table E2.  Outcomes of pulmonary rehabilitation in 1012 male COPD patients without long-

term oxygen therapy 

 

Outcome 

Men without LTOT 

(n=1,012; 100%) 

 ‘Very good 

responder’ 

(n=276; 27.3%) 

‘Good 

responder’ 

(n=299; 29.6%) 

‘Moderate 

responder’ 

(n=185; 18.3%) 

 ‘Poor 

responder’ 

(n=252; 24.9%) 

MRC, grade 

   -1 grade, % pts 

   -2 grades, % pts  

-0.4 (1.1) 

39.2 

16.5 

-1.2 (1.1) 

70.9 

37.0 

-0.5 (0.9) * 

42.0 * 

12.3 * 

-0.1 (0.3) *† 

23.5 *† 

11.8 * 

0.1 (0.9) *† 

17.1 *† 

5.4 * 

 6MWD, m 

   30 m or more, % pts 

   60 m or more, % pts 

27 (58) 

44.4 

22.1 

81 (57) 

82.9 

58.4 

34 (33) * 

56.0 * 

19.4 * 

4 (28) *† 

16.9 *† 

1.7 *† 

-24 (45) *†¶ 

9.9 *† 

1.7 *† 

 CWRT, s 

   100 s or more, % pts 

   200 s or more, % pts 

229 (351) 

53.2 

40.7 

537 (358) 

84.4 

78.6 

250 (281) * 

65.7 * 

48.1 * 

10 (128) *† 

23.3 *† 

5.7 *† 

17 (256) *† 

24.5 *† 

14.8 *†¶ 

COPM-P, points 

   2 points or more, % pts 

   4 points or more, % pts 

1.8 (1.6) 

45.3 

11.0 

2.9 (1.5) 

75.1 

28.5 

2.0 (1.3) * 

48.6 * 

7.4 * 

1.4 (1.3) *† 

37.8 * 

3.0 * 

0.6 (1.1) *†¶ 

12.6 *†¶ 

0.9 *† 

 COPM-S, points 

   2 points or more, % pts 

   4 points or more, % pts 

2.3 (2.0) 

57.6 

22.2 

3.6 (1.9) 

81.5 

41.1 

2.7 (1.8) * 

67.7 * 

27.2 * 

1.9 (1.7) *† 

53.7 *† 

11.0 *† 

0.8 (1.5) *†¶ 

20.9 *†¶ 

2.8 *†¶ 

 HADS-A, points 

   -1.5 points or more, % pts 

   -3.0 points or more, % pts 

-1.0 (3.2) 

40.2 

27.9 

-2.6 (3.3) 

59.7 

44.0 

-1.1 (2.7) * 

39.0 * 

26.5 * 

-1.1 (3.1) * 

40.4 * 

28.1 * 

0.8 (2.8) *†¶ 

20.9 *†¶ 

2.8 *†¶ 

 HADS-D, points 

   -1.5 points or more, % pts 

   -3.0 points or more, % pts 

-1.1 (3.3) 

41.8 

31.1 

-2.9 (3.2) 

63.5 

53.8 

-1.2 (2.9) * 

40.5 * 

28.4 * 

-1.2 (2.8) * 

41.8 * 

31.8 * 

0.8 (2.9) *†¶ 

19.3 *†¶ 

8.5 *†¶ 

 SGRQ-T, points 

   -4 points or more, % pts 

   -8 points or more, % pts 

-5.5 (12.5) 

55.2 

39.7 

-14.5 (12.5) 

80.0 

66.4 

-6.0 (10.3) * 

62.7 * 

45.5 * 

-4.1 (9.1) * 

52.8 * 

33.8 * 

4.0 (9.7) *†¶ 

19.8 *†¶ 

7.1 *†¶ 

Outcome measures with ≥1x 

MCID, % outcomes 

47.7 (28.5) 78.0 (17.0) 55.7 (16.6) * 31.0 (14.4) *† 17.2 (16.1) *†¶ 

Outcome measures with ≥2x 

MCID, % outcomes 

28.5 (25.5) 58.0 (21.3) 29.6 (16.0) * 12.5 (11.5) *† 6.6 (10.0) *†¶ 

Negative outcomes, % 

outcomes 

24.0 (23.5) 5.4 (8.7) 14.4 (14.9) * 31.0 (19.1) *† 50.7 (19.3) *†¶ 

MRC: Medical Research Council dyspnea grade; 6MWD: 6-min walk distance; CWRT: constant work-rate test; COPM-P: Canadian 

Occupational Performance Measure, performance score; COPM-S: Canadian Occupational Performance Measure, satisfaction score; 

HADS-A: Hospital Anxiety and Depression Scale, anxiety scores; HADS-D- Hospital Anxiety and Depression Scale, depression scores; 

SGRQ-T: St. George’s Respiratory Questionnaire, total score; MCID: Minimal Clinically Important Difference.  *P<0.01 versus cluster ‘Very 

good responder’; †P<0.01 versus cluster ‘Good responder’; ¶P<0.01 versus cluster ‘Moderate responder’. 
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Table E3.  Outcomes of pulmonary rehabilitation in 740 female COPD patients without long-

term oxygen therapy 

 

Outcome 

Women without 

LTOT 

(n=740; 100%) 

 ‘Very good 

responder’ 

(n=169; 22.8%) 

‘Good 

responder’ 

(n=260; 35.1%) 

‘Moderate 

responder’ 

(n=182; 24.6%) 

 ‘Poor 

responder’ 

(n=129; 17.4%) 

MRC, grade 

   -1 grade, % pts 

   -2 grades, % pts  

-0.4 (1.1) 

41.2 

13.9 

-1.1 (1.1) 

69.9 

31.5 

-0.4 (1.0) * 

40.0 * 

13.3 * 

-0.2 (1.0) * 

33.7 * 

10.5 * 

0.1 (0.9) *† 

23.9 * 

1.4 *† 

 6MWD, m 

   30 m or more, % pts 

   60 m or more, % pts 

22 (51) 

40.7 

19.8 

73 (46) 

83.3 

56.4 

33 (31) * 

53.5 * 

19.3 * 

0 (25) *† 

8.7 *† 

1.2 *† 

-36 (42) *†¶ 

4.1 *† 

0 *† 

 CWRT, s 

   100 s or more, % pts 

   200 s or more, % pts 

197 (311) 

53.8 

35.4 

532 (319) 

90.3 

77.8 

193 (236) * 

61.0 * 

35.5 * 

77 (171) *† 

38.9 *† 

18.5 *† 

-44 (218) *†¶ 

14.8 *†¶ 

6.1 *†¶ 

COPM-P, points 

   2 points or more, % pts 

   4 points or more, % pts 

1.9 (1.6) 

48.8 

10.6 

2.8 (1.6) 

71.1 

25.5 

2.3 (1.4) * 

62.8 

11.2 * 

1.3 (1.3) *† 

35.4 *† 

2.4 *† 

0.6 (1.3) *†¶ 

9.6 *†¶ 

1.7 *† 

 COPM-S, points 

   2 points or more, % pts 

   4 points or more, % pts 

2.6 (2.1) 

61.6 

27.2 

3.8 (1.9) 

81.2 

51.7 

3.1 (1.9) * 

73.1 

33.5 * 

1.9 (1.6) *† 

50.6 *† 

11.0 *† 

0.9 (1.8) *†¶ 

27.8 *†¶ 

5.2 *† 

 HADS-A, points 

   -1.5 points or more, % pts 

   -3.0 points or more, % pts 

-1.6 (3.7)  

47.4  

35.0  

-3.2 (3.1) 

69.6 

57.4 

-1.8 (3.9) * 

48.6 * 

32.9 * 

-1.2 (3.8) * 

43.6 * 

32.5 * 

0.4 (3.2) *†¶ 

21.4 *†¶ 

13.4 *†¶ 

 HADS-D, points 

   -1.5 points or more, % pts 

   -3.0 points or more, % pts 

-1.4 (3.7) 

45.0 

32.3 

-3.1 (3.4) 

66.7 

51.7 

-2.0 (3.6) * 

52.0 * 

38.1 * 

-0.6 (3.5) *† 

36.4 *† 

21.6 *† 

0.7 (3.1) *†¶ 

15.7 *†¶ 

11.3 *† 

 SGRQ-T, points 

   -4 points or more, % pts 

   -8 points or more, % pts 

-4.6 (12.4) 

51.2 

38.3 

-14.2 (11.0) 

81.0 

70.8 

-5.4 (10.6) * 

57.3 * 

40.7 * 

-2.2 (10.8) *† 

40.4 *† 

28.4 * 

5.8 (10.0) *†¶ 

15.2 *†¶ 

4.8 *†¶ 

Outcome measures with ≥1x 

MCID, % outcomes 

47.9 (28.5) 80.7 (16.9) 56.4 (17.7) * 30.2 (14.4) *† 13.0 (11.8) *†¶ 

Outcome measures with ≥2x 

MCID, % outcomes 

27.6 (24.4) 59.7 (18.8) 27.9 (16.2) * 13.9 (12.4) *† 4.4 (7.6) *†¶ 

Negative outcomes, % 

outcomes 

23.3 (24.1) 3.9 (8.2) 14.0 (15.8) * 30.9 (19.5) *† 56.6 (18.4) *†¶ 

MRC: Medical Research Council dyspnea grade; 6MWD: 6-min walk distance; CWRT: constant work-rate test; COPM-P: Canadian 

Occupational Performance Measure, performance score; COPM-S: Canadian Occupational Performance Measure, satisfaction score; 

HADS-A: Hospital Anxiety and Depression Scale, anxiety scores; HADS-D- Hospital Anxiety and Depression Scale, depression scores; 

SGRQ-T: St. George’s Respiratory Questionnaire, total score; MCID: Minimal Clinically Important Difference.  *P<0.01 versus cluster ‘Very 

good responder’; †P<0.01 versus cluster ‘Good responder’; ¶P<0.01 versus cluster ‘Moderate responder’. 
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Table E4.  Outcomes of pulmonary rehabilitation in 168 male COPD patients with long-term 

oxygen therapy 

 

Outcome 

Men with LTOT 

(n=168; 100%) 

 ‘Very good 

responder’ 

(n=52; 31.0%) 

‘Good 

responder’ 

(n=58; 34.5%) 

‘Moderate 

responder’ 

(n=34; 20.2%) 

 ‘Poor 

responder’ 

(n=24; 14.3%) 

MRC, grade 

   -1 grade, % pts 

   -2 grades, % pts  

-0.5 (1.3) 

43.4 

19.2 

-1.0 (1.4) 

70.0 

30.0 

-0.4 (1.2) 

36.4 * 

21.2 

-0.3 (1.1) 

36.8 

10.5 

0.2 (1.0) * 

17.6 * 

5.9 

 6MWD, m 

   30 m or more, % pts 

   60 m or more, % pts 

34 (72) 

56.3  

37.3  

95 (45) 

90.0 

80.0 

41 (34) * 

60.7 * 

26.8 * 

2 (46) *† 

26.7 *† 

6.7 * 

-79 (67) *†¶ 

0 *†¶ 

0 *† 

 CWRT, s 

   100 s or more, % pts 

   200 s or more, % pts 

163 (298) 

43.7 

28.2  

398 (340) 

80.0 

70.0 

143 (233) * 

46.0 * 

20.0 * 

32 (99) * 

12.5 *† 

6.3 * 

-47 (269) *† 

15.0 * 

1.0 * 

COPM-P, points 

   2 points or more, % pts 

   4 points or more, % pts 

2.3 (1.7)  

59.3  

17.3 

3.4 (1.5) 

80.0 

40.0 

2.3 (1.5) * 

60.4 

13.2 * 

1.7 (1.5) * 

45.5 * 

6.1 * 

0.7 (1.4) *† 

26.3 * 

0 * 

 COPM-S, points 

   2 points or more, % pts 

   4 points or more, % pts 

2.8 (2.1) 

69.1  

28.9  

4.0 (1.8) 

90.0 

40.0 

2.9 (2.0) * 

75.5 

28.3 

2.0 (1.7) * 

51.5 * 

18.2 

0.9 (1.8) *† 

22.2 *† 

11.1 

 HADS-A, points 

   -1.5 points or more, % pts 

   -3.0 points or more, % pts 

-1.9 (3.8)  

44.1 

35.2 

-4.0 (4.8) 

60.0 

60.0 

-2.1 (2.77) 

46.2 

38.5 

-0.4 (2.2) *† 

31.3 * 

15.6 * 

1.2 (2.4) *† 

17.6 * 

5.9 * 

 HADS-D, points 

   -1.5 points or more, % pts 

   -3.0 points or more, % pts 

-2.1 (3.6) 

56.6  

44.1  

-3.6 (4.1) 

80.0 

60.0 

-2.6 (2.9) 

61.5 

44.2 

-0.4 (2.6) *† 

34.4 * 

25.0 * 

-0.1 (3.3) *† 

35.3 * 

35.3 

 SGRQ-T, points 

   -4 points or more, % pts 

   -8 points or more, % pts 

-6.2 (11.9) 

56.3 

43.7 

-17.0 (9.5) 

100.0 

90.0 

-5.6 (11.6) * 

57.1 * 

44.9 * 

-1.3 (8.1) * 

32.1 * 

14.3 *† 

3.1 (8.0) *† 

22.2 * 

0 *† 

Outcome measures with ≥1x 

MCID, % outcomes 

53.6 (30.1) 85.1 (14.5) 55.9 (19.6) * 29.1 (13.6) *† 14.3 (12.8) *†¶ 

Outcome measures with ≥2x 

MCID, % outcomes 

34.4 (28.7)  68.3 (17.9) 29.2 (16.7) * 11.1 (11.8) *† 6.5 (9.2) *† 

Negative outcomes, % 

outcomes 

21.4 (24.0) 5.9 (9.4) 13.3 (14.7) * 29.7 (19.6) *† 62.7 (17.7) *†¶ 

MRC: Medical Research Council dyspnea grade; 6MWD: 6-min walk distance; CWRT: constant work-rate test; COPM-P: Canadian 

Occupational Performance Measure, performance score; COPM-S: Canadian Occupational Performance Measure, satisfaction score; 

HADS-A: Hospital Anxiety and Depression Scale, anxiety scores; HADS-D- Hospital Anxiety and Depression Scale, depression scores; 

SGRQ-T: St. George’s Respiratory Questionnaire, total score; MCID: Minimal Clinically Important Difference.  *P<0.01 versus cluster ‘Very 

good responder’; †P<0.01 versus cluster ‘Good responder’; ¶P<0.01 versus cluster ‘Moderate responder’. 
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Table E5.  Outcomes of pulmonary rehabilitation in 148 female COPD patients with long-term 

oxygen therapy 

 

Outcome 

Women with LTOT 

(n=148; 100%) 

 ‘Very good 

responder’ 

(n=33; 22.3%) 

‘Good 

responder’ 

(n=44; 29.7%) 

‘Moderate 

responder’ 

(n=42; 28.4%) 

 ‘Poor 

responder’ 

(n=29; 19.6%) 

MRC, grade 

   -1 grade, % pts 

   -2 grades, % pts  

-0.5 (1.1) 

47.1 

18.4  

-1.4 (1.0) 

80.0 

55.0 

-0.6 (0.8) * 

52.0  

12.0 * 

-0.3 (1.3) * 

36.0 * 

8.0 * 

0.1 (0.8) * 

17.6 * 

0 * 

 6MWD, m 

   30 m or more, % pts 

   60 m or more, % pts 

44 (63)  

63.6  

31.4 † 

116 (63) 

96.9 

81.3 

45 (23) *  

79.1 

27.9 * 

7 (51) *† 

37.5 *† 

10.0 * 

7 (45) *† 

36.0 *† 

8.0 * 

 CWRT, s 

   100 s or more, % pts 

   200 s or more, % pts 

156 (246) 

41.1 

28.6 

437 (305) 

86.4 

72.7 

167 (196) * 

43.8 * 

31.3 * 

82 (94) * 

29.4 * 

11.8 * 

-11 (177) *† 

12.5 * 

8.3 * 

COPM-P, points 

   2 points or more, % pts 

   4 points or more, % pts 

2.9 (1.7)  

73.3  

31.1 

4.0 (1.6) 

90.3 

58.1 

3.2 (1.3) 

85.0 

30.0 

2.8 (1.6) * 

71.8 

28.2 

1.5 (1.5) *†¶ 

36.0 *†¶ 

4.0 * 

 COPM-S, points 

   2 points or more, % pts 

   4 points or more, % pts 

3.6 (2.0) 

80.0  

44.4 

4.7 (2.0) 

90.3 

77.4 

4.1 (1.6) 

95.0 

47.5 

3.5 (1.7) * 

79.5 

38.5 * 

1.7 (1.7) *†¶ 

44.0 *†¶ 

8.0 *†¶ 

 HADS-A, points 

   -1.5 points or more, % pts 

   -3.0 points or more, % pts 

-1.9 (3.8)  

46.2 

39.2  

-3.7 (4.1) 

66.7 

66.7 

-2.4 (4.2) 

48.8 

41.5 

-1.3 (2.8) * 

42.9 

28.6 * 

0.2 (2.6) *† 

20.8 * 

16.7 * 

 HADS-D, points 

   -1.5 points or more, % pts 

   -3.0 points or more, % pts 

-2.1 (3.9)  

51.5 

40.8 

-4.4 (4.0) 

80.0 

73.3 

-2.8 (3.7) 

65.9 

48.8 

-1.3 (2.7) * 

34.3 *† 

22.9 * 

-1.0 (3.0) *†¶ 

16.7 *† 

12.5 *† 

 SGRQ-T, points 

   -4 points or more, % pts 

   -8 points or more, % pts 

-6.6 (14.4) 

50.9 

41.7 

-22.0 (12.8) 

95.5 

90.9 

-8.8 (9.7) * 

62.5 * 

50.0 * 

-3.4 (6.1) *† 

39.4 * 

24.2 * 

8.0 (14.7) *†¶ 

4.8 *†¶ 

4.8 *† 

Outcome measures with ≥1x 

MCID, % outcomes 

56.4 (28.2)  88.5 (11.6) 67.5 (16.6) * 41.4 (16.9) *† 24.7 (19.6) *†¶ 

Outcome measures with ≥2x 

MCID, % outcomes 

33.6 (29.4)  75.6 (22.7) 34.3 (15.7) * 17.3 (13.4) *† 8.1 (12.1) *†¶ 

Negative outcomes, % 

outcomes 

16.7 (19.8)  4.4 (7.6) 7.0 (9.3) 19.7 (17.8) *† 41.3 (20.6) *†¶ 

MRC: Medical Research Council dyspnea grade; 6MWD: 6-min walk distance; CWRT: constant work-rate test; COPM-P: Canadian 

Occupational Performance Measure, performance score; COPM-S: Canadian Occupational Performance Measure, satisfaction score; 

HADS-A: Hospital Anxiety and Depression Scale, anxiety scores; HADS-D- Hospital Anxiety and Depression Scale, depression scores; 

SGRQ-T: St. George’s Respiratory Questionnaire, total score; MCID: Minimal Clinically Important Difference.  *P<0.01 versus cluster ‘Very 

good responder’; †P<0.01 versus cluster ‘Good responder’; ¶P<0.01 versus cluster ‘Moderate responder’. 
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Table E6.  Baseline characteristics of 1,012 male COPD patients without long-term 

oxygen therapy 

Baseline  ‘Very good 

responder’ 

(n=276; 27.3%) 

‘Good 

responder’          

(n=299; 29.6%) 

‘Moderate 

responder’ 

(n=185; 18.3%)  

 ‘Poor 

responder’ 

(n=252; 24.9%) 

Age, years 64.6 (9.3) 65.5 (8.77) 66.5 (8.4) 65.7 (8.2) 

FEV1, l 1.57 (0.64) 1.52 (0.55) 1.49 (0.59) 1.53 (0.63) 

FEV1, % predicted 50.9 (19.7) 49.7 (16.2) 48.9 (17.7) 50.2 (19.4) 

KCO, % predicted 73.9 (24.0) 73.1 (23.6) 65.7 (21.5) *† 69.6 (24.3) 

PaO2, kPa 9.63 (1.35) 9.61 (1.27) 9.65 (1.30) 9.63 (1.26) 

PaCO2, kPa 5.15 (0.63) 5.19 (0.62) 5.18 (0.53) 5.13 (0.58) 

SaO2, % 94.9 (2.3) 94.9 (2.2) 95.1 (1.9) 95.0 (2.1) 

MRC, grade 3.34 (1.12) 2.45 (0.93) * 3.04 (0.98) * 3.10 (1.09) 

Exacerb. <12 m, n 1.96 (2.53) 1.66 (2.30) 1.94 (2.68) 1.88 (2.15) 

Admission <12 m, n 0.61 (1.29) 0.40 (0.95) 0.36 (0.80) 0.57 (1.33) 

CC index, points 1.47 (1.17) 1.60 (1.31) 1.57 (1.27) 1.48 (1.20) 

BMI, kg/m2 26.5 (5.3) 26.2 (5.0) 24.6 (4.0) *† 25.6 (5.1) 

FFMI, kg/m2 18.1 (2.4) 17.8 (2.2) 17.2 (1.8) *† 17.7 (2.3) 

6MWD, m 457 (122) 484 (104) * 491 (108) * 469 (106) 

6MWD, % predicted 67.9 (16.6) 72.5 (13.8) * 72.9 (15.2) * 70.3 (15.6) 

PWR, watts 82.8 (35.8) 85.9 (35.5) 81.1 (32.4) 81.2 (32.4) 

PWR, % predicted 50.1 (21.5) 54.0 (21.5) 51.1 (20.8) 51.8 (20.9) 

CWRT, s 329 (194) 379 (267) 341 (269) 361 (287) 

COPM-P, points 4.08 (1.31) 4.53 (1.29) * 4.57 (1.18) * 4.67 (1.22) * 

COPM-S, points 3.59 (1.68) 3.91 (1.71) 4.07 (1.58) * 4.43 (1.72) *† 

HADS-A, points 

≥8 points, % pts 

7.33 (3.87) 

48.0 

5.67 (3.83)* 

27.8 * 

6.02 (4.03) * 

26.1 * 

6.05 (4.08) * 

31.4 * 

HADS-D, points 

≥8 points, % pts 

7.20 (3.66) 

45.0 

5.72 (3.58) * 

30.0 * 

6.38 (3.94) 

36.5 

5.97 (3.80) * 

31.5 *  

SGRQ-T, points 57.6 (16.8) 48.4 (16.5) * 51.2 (16.3) * 50.0 (16.4) * 

BODE index, points 3.3 (2.1) 2.9 (1.8) 3.1 (1.8) 3.1 (1.9) 

ADO index, points 4.4 (1.8) 4.2 (1.6) 4.4 (1.6) 4.3 (1.6) 

Inpatient/outpatient, % pts 44 / 56 27 / 73 * 23 / 77 * 18 / 82 * 

*P<0.01 versus cluster ‘Very good responder’; †P<0.01 versus cluster ‘Good responder’; ¶P<0.01 versus cluster 

‘Moderate responder’. 
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Table E7.  Baseline characteristics of 740 female COPD patients without long-term 

oxygen  

Baseline  ‘Very good 

responder’ 

(n=169; 22.8%) 

‘Good 

responder’ 

(n=260; 35.1%) 

‘Moderate 

responder’ 

(n=182; 24.6%) 

 ‘Poor 

responder’ 

(n=129; 17.4%) 

Age, years 60 (8) 61 (9) 62 (9) 61 (10) 

FEV1, l 1.2 (0.5) 1.2 (0.4) 1.2 (0.4) 1.2 (0.5) 

FEV1, % predicted 50.7 (18.3) 53.4 (17.6) 53.3 (17.3) 52.9 (18.8) 

KCO, % predicted 64.8 (21.4) 63.9 (21.3) 60.6 (19.9) 61.2 (18.9) 

PaO2, kPa 9.6 (1.4) 9.6 (1.3) 9.8 (1.4) 9.7 (1.3) 

PaCO2, kPa 5.7 (0.7) 5.2 (0.6) 5.1 (0.6) 5.2 (0.6) 

SaO2, % 94.8 (2.8) 95.1 (2.4) 95.3 (2.2) 95.1 (2.1) 

MRC, grade 3.5 (1.1) 3.2 (1.1) * 3.1 (1.1) * 3.1 (1.0) * 

Exacerb. <12 m, n 2.5 (2.3) 2.1 (2.3) 1.9 (2.1) 1.9 (1.9) 

Admission <12 m, n 0.9 (1.5) 0.6 (1.0) 0.5 (1.1) 0.4 (0.8) 

CC index, points 1.1 (1.0) 1.2 (1.0) 1.2 (0.8) 1.1 (0.9) 

BMI, kg/m2 25.4 (5.5) 25.3 (6.1) 24.7 (5.3) 24.4 (4.7) 

FFMI, kg/m2 15.5 (1.9) 15.3 (2.0) 15.3 (1.9) 15.2 (1.7) 

6MWD, m 433 (119) 443 (99) 464 (91) * 474 (93) *† 

6MWD, % predicted 69.9 (18.1) 73.9 (14.5) 77.4 (13.5) * 77.7 (13.8) * 

PWR, watts 63.7 (26.5) 64.8 (22.8) 64.1 (21.8) 66.6 (22.2) 

PWR, % predicted 63.0 (27.8) 70.4 (30.2) 70.0 (24.7) 69.1 (27.5) 

CWRT, s 291 (168) 294 (225) 298 (231) 315 (254) 

COPM-P, points 4.1 (1.2) 4.1 (1.3) 4.3 (1.3) 4.6 (1.4) *† 

COPM-S, points 3.2 (1.5) 3.4 (1.7) 3.7 (1.7) 3.9 (1.9) * 

HADS-A, points 

≥8 points, % pts 

8.8 (4.2) 

58.5 

8.1 (4.4) 

53.8 

7.7 (4.3) 

47.7 

7.1 (4.2) * 

46.7 

HADS-D, points 

≥8 points, % pts 

7.5 (4.4) 

46.3 

7.1 (4.1) 

44.9 

6.7 (4.1) 

39.8 

6.0 (4.0) * 

33.9 

SGRQ-T, points 57.5 (15.9) 52.2 (15.9) * 50.2 (16.8) * 46.8 (18.3) *† 

BODE index, points 3.7 (2.2) 3.0 (2.0) * 2.9 (1.9) * 2.9 (1.8) * 

ADO index, points 4.0 (1.7) 3.8 (1.8) 3.9 (1.5) 3.7 (1.6) 

Inpatients/outpatients, % pts 53 / 47 38 / 62 * 28 / 72 * 20 / 80 *† 

*P<0.01 versus cluster ‘Very good responder’; †P<0.01 versus cluster ‘Good responder’; ¶P<0.01 versus cluster ‘Moderate 

responder’. 
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Table E8.  Baseline characteristics of 168 male COPD patients with long-term oxygen 

therapy 

Baseline  ‘Very good 

responder’ 

(n=52; 31.0%) 

‘Good 

responder’ 

(n=58; 34.5%) 

‘Moderate 

responder’ 

(n=34; 20.2%) 

 ‘Poor 

responder’ 

(n=24; 14.3%) 

Age, years 65 (8) 67 (8) 66 (7) 68 (7) 

FEV1, l 1.1 (0.5) 1.0 (0.3) 1.0 (0.4) 0.8 (0.2) 

FEV1, % predicted 35.6 (16) 32.9 (12.1) 32.0 (12.0) 28.1 (8.6) 

KCO, % predicted 58.8 (21.3) 61.7 (24.5) 62.3 (21.0) 62.3 (25.1) 

PaO2, kPa 9.7 (1.9) 10.0 (1.7) 9.5 (1.5) 9.5 (1.3) 

PaCO2, kPa 6.0 (1.4) 5.8 (1.0) 5.9 (1.1) 6.4 (1.3) 

SaO2, % 94.7 (2.4) 95.1 (2.6) 94.7 (2.1) 94.6 (2.4) 

MRC, grade 4.3 (1.1) 4.1 (1.0) 4.0 (1.0) 4.2 (1.0) 

Exacerb. <12 m, n 3.1 (2.2) 3.2 (3.3) 2.5 (2.6) 3.4 (1.8) 

Admission <12 m, n 2.5 (2.6) 2.2 (2.2) 1.6 (2.0) 1.8 (1.8) 

CC index, points 1.7 (1.4) 1.7 (1.6) 1.5 (1.4) 1.5 (0.8) 

BMI, kg/m2 27.3 (6.2) 26.5 (5.3) 26.5 (4.7) 22.9 (3.4) *†¶ 

FFMI, kg/m2 18.5 (2.8) 17.6 (2.0) 18.0 (2.2) 16.0 (1.9) *†¶ 

6MWD, m 334 (92) 362 (113) 368 (124) 381 (95) 

6MWD, % pred 50.7 (14.8) 55.9 (16.3) 56.7 (18.5) 59.3 (11.6) 

PWR, watts 57.4 (19.7) 56.3 (16.6) 58.6 (19.8) 53.5 (15.5) 

PWR, % pred 35.7 (14.2) 38.0 (15.5) 36.9 (11.9) 36.8 (14.1) 

CWRT, s 237 (115) 245 (198) 231 (110) 237 (232) 

COPM-P, points 3.5 (1.5) 3.7 (1.5) 4.0 (1.4) 3.6 (1.0) 

COPM-S, points 3.4 (1.5) 3.3 (1.5) 3.8 (1.7) 3.5 (1.8) 

HADS-A, points 

≥8 points, % 

8.5 (4.9) 

57.4 

8.1 (4.8) 

46.4 

6.7 (4.5) 

31.3 

6.3 (4.4) 

40.9 

HADS-D, points 

≥8 points, % 

8.6 (4.1) 

61.7 

8.0 (4.5) 

50.0 

6.9 (4.1) 

50.0 

7.3 (4.5) 

54.5 

SGRQ-T, points 69.2 (12.3) 64.5 (15.6) 57.8 (16.5) * 60.0 (12.5) * 

BODE index, points 5.6 (1.9) 5.4 (1.9) 5.2 (1.9) 5.7 (1.6) 

ADO index, points 5.8 (1.2) 6.0 (1.6) 5.9 (1.2) 6.4 (1.3) 

Inpatients/outpatients, % pts 96 / 4 88 / 12 65 / 35 *† 83 / 17 

*P<0.01 versus cluster ‘Very good responder’; †P<0.01 versus cluster ‘Good responder’; ¶P<0.01 versus cluster 

‘Moderate responder’. 
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Table E9.  Baseline characteristics of 148 female COPD patients with long-term oxygen 

therapy 

Baseline  ‘Very good 

responder’ 

(n=33; 22.3%) 

‘Good 

responder’          

(n=44; 29.7%) 

‘Moderate 

responder’ 

(n=42; 28.4%) 

 ‘Poor 

responder’ 

(n=29; 19.6%) 

Age, years 63 (7) 65 (8) 65 (7) 65 (8) 

FEV1, l 0.8 (0.4) 0.8 (0.3) 0.7 (0.2) 0.7 (0.2) 

FEV1, % predicted 36 (18) 36 (13) 34 (12) 36 (12) 

KCO, % predicted 53 (15) 54 (20) 50 (17) 53 (17) 

PaO2, kPa 9.0 (1.2) 9.5 (1.3) 9.5 (1.4) 9.6 (2.3) 

PaCO2, kPa 6.6 (1.4) 6.2 (1.0) 6.4 (1.0) 6.2 (0.8) 

SaO2, % 93.9 (2.9) 94.5 (2.7) 94.7 (2.7) 94.4 (3.0) 

MRC, grade 4.7 (0.6) 3.8 (1.1) * 4.2 (1.1) 4.0 (1.1) * 

Exacerb. <12 m, n 2.9 (1.7) 3.5 (3.6) 2.9 (2.6) 2.5 (2.2) 

Admission <12 m, n 2.0 (1.6) 1.5 (1.5) 1.6 (1.5) 1.3 (1.5) 

CC index, points 1.2 (0.9) 1.1 (0.9) 1.6 (1.2) 1.4 (0.9) 

BMI, kg/m2 26.3 (6.9) 25.3 (5.9) 25.7 (4.8) 27.1 (6.7) 

FFMI, kg/m2 15.8 (2.6) 15.5 (2.3) 15.5 (1.7) 16.3 (2.9) 

6MWD, m 279 (92) 366 (104) * 353 (97) * 353 (109) * 

6MWD, % pred 50.0 (15.5) 67.2 (13.9) * 64.4 (14.9) * 61.8 (18.8) 

PWR, watts 41 (17) 49 (16) 47 (14) 46 (14) 

PWR, % pred 50.2 (22.4) 59.1 (17.9) 55.4 (22.8) 56.7 (24.8) 

CWRT, s 202 (130) 239 (95) 178 (71) † 233 (140) 

COPM-P, points 3.1 (1.4) 3.8 (1.3) 3.6 (1.3) 4.3 (1.6) * 

COPM-S, points 2.6 (1.5) 3.1 (1.5) 3.0 (1.4) 4.2 (1.4) *†¶ 

HADS-A, points 

≥8 points, % 

9.8 (4.5) 

68.0 

9.0 (4.4) 

67.0 

8.5 (5.3) 

54.0 

8.3 (4.6) 

67.0 

HADS-D, points 

≥8 points, % 

9.0 (4.8) 

68.7 

8.0 (4.4) 

55.0 

7.7 (4.1) 

49.0 

6.9 (4.9) 

46.0 

SGRQ-T, points 68.7 (10.9) 62.9 (14.9) 61.3 (12.5) 56.1 (14.5) * 

BODE index, points 6.4 (2.2) 4.9 (2.1) * 5.6 (1.9) 5.3 (2.1) 

ADO index, points 6.1 (1.2) 5.3 (1.6) 5.9 (1.2) 5.5 (1.3) 

Inpatients/outpatients, % pts 91 / 9 88 / 12 85 / 15 89 / 11 

*P<0.01 versus cluster ‘Very good responder’; †P<0.01 versus cluster ‘Good responder’; ¶P<0.01 versus cluster 

‘Moderate responder’. 
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Legend Figure E1 to E4.  

These panels were generated using Viscovery software. The Viscovery program placed all 

patients on a specific position on the map based on their multidimensional response 

profile.  The more subjects resemble in terms of their response to pulmonary 

rehabilitation the closer they are on the map.  Contrarily, the more they differ the further 

they are away from each other.  When looking at an outcome measure of pulmonary 

rehabilitation, patients “raise a red flag” if they had a very good response, “a green flag” 

when the response was good to moderate, and “a blue flag” when the response was 

absent.  In this way the maps can be interpreted.  Using the topology of the, the 

Viscovery program could identify four different clusters of patients with COPD with a 

significantly different multidimensional response profile: C1: cluster 1 ‘Very good 

responder’; C2: cluster 2 ‘Good responder’; C3: cluster 3 ‘Moderate responder’; C4: cluster 

4 ‘Poor responder’. Figure E1: 1,012 male COPD patients without long-term oxygen 

therapy; Figure E2: 740 female COPD patients without long-term oxygen therapy; Figure 

E3: 168 male COPD patients with long-term oxygen therapy; and Figure E4: 148 female 

COPD patients with long-term oxygen therapy. 
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Figure E1. Multidimensional response clusters in 1,012 male COPD patients without long-term oxygen therapy 
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Figure E2. Multidimensional response clusters in 740 female COPD patients without long-term oxygen therapy 
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Figure E3. Multidimensional response clusters in 168 male COPD patients with long-term oxygen therapy 
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Figure E4. Multidimensional response clusters in 148 female COPD patients with long-term oxygen therapy 

 


