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Everywheree you look now - questionnaires 
TheyThey want every detail of your affairs 
Oh,Oh, so many peoples lives 
WrappedWrapped up in those statistics 

WhoWho are you ? 
GiveGive details. 

Manfredd Mann's Earth Band /Andy Qunta 
TribalTribal Statistics, 1982 
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3.11 Abstract 

Pulmonaryy rehabilitation improves health status in patients with stable chronic obstructive 

pulmonaryy disease (COPD). However, most programs exclude patients with unstable 

diseasee and patients with asthma. 

Wee studied the short- and long-term outcome of 3- to 6-month inpatient pulmonary 

rehabilitationn (IPR) on health status and psychosocial functioning in patients with unstable, 

moderatee to severe asthma or COPD. 56 patients with asthma and 84 patients with COPD 

weree included in a prospective, observational study with follow-up at 6 and 12 months 

post-IPR. . 

Alll domains of the Quality of Life for Respiratory Illness Questionnaire improved 

significantlyy (p from 0.002 to <0.00001) and relevant (effect sizes from 0.46 to 0.99) in 

bothh groups of patients. Two-third of the patients improved above the minimal clinically 

importantt difference. Emotional well-being and self-assessed health status also improved 

highlyy significant. Anxiety and depression improved marginally. In the year post-IPR, 

patientss with COPD deteriorated significantly and relevantly in all HRQL-domains except 

sociall relations. Patients with asthma remained improved compared to pre-IPR. There was 

aa high, but non-selective dropout. 

Thiss IPR program resulted in large, clinically relevant improvements in health status and 

well-being.. Patients with asthma remained improved in the year post-IPR; patients with 

COPDD deteriorated towards the pre-IPR level. 

3.22 Introduction 

AA major goal of pulmonary rehabilitation is to improve health status. Both in-and outpatient 

pulmonaryy rehabilitation succeed in improving health status and functional exercise 

tolerancee in patients with chronic obstructive pulmonary disease (COPD). Both patients 

withh asthma and patients with COPD benefit from outpatient pulmonary rehabilitation [1]. 

Severall recent studies showed that patients with COPD remained improved after outpatient 

pulmonaryy rehabilitation [2-4]. Long-term outcome of inpatient pulmonary rehabilitation 

(IPR)) is less positive: patients with COPD deteriorate, after initial improvement, to the 

pre-IPRR level [5-7]. Despite this, patients with COPD receiving IPR remain improved in 

comparisonn with controls receiving conventional community care [8]. Knowledge about the 

short-- and long-term outcome of IPR in patients with asthma is scarce: we found only two 

studiess on IPR that also included some patients with asthma [9;10]. Furthermore, most 

programss exclude patients with unstable disease or with comorbid conditions. 

Wee studied the short- and long-term outcome of IPR on health status and psychosocial 
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functioningg in patients with unstable, moderate to severe asthma or COPD. This study is 

partt of a prospective observational study on multidisciplinary inpatient pulmonary 

rehabilitation;; outcome on lung function, medication usage, hospitalization and functional 

exercisee tolerance are described in the companion article (Part 1). 

Thiss part contains baseline characteristics; short-term outcome of I PR (i.e. pre/post-

treatmentt change) and long-term outcome of IPR with follow-up measurements at 6 and 

122 months post-IPR. 

3.33 Methods 

Thee study design and patient selection are described in Part 1 of this study (see chapter 2). 

3.3.11 Outcome measures: health status and psychosocial aspects 

Disease-specificc health status was assessed with the Quality of Life for Respiratory Illness 

Questionnairee (QoLRIQ) [11], an outcome measure for both patients with asthma and 

patientss with COPD. This questionnaire consists of 55 items divided into seven domains: 

breathingg problems (9 items), physical problems (9), emotions (9), situations triggering or 

enhancingg breathing problems (7), general activities (4), daily and domestic activities (10), 

andd social activities, relationships and sexuality (7). The domain on triggering situations was 

splitt in allergic triggers and triggers related to weather because of difference in change in 

thesee subdomains. The domain on social activities was split in activities and 

relations/sexualityy because of the large amount of missings in the relations/sexuality 

subdomain,, caused by elderly patients without a partner or by patients unwillingto answer 

onn questions related to sexuality. 

Thee QoLRIQ uses a 7-point response scale ranging from "not at all" to "very severe" to 

assesss the degree of trouble from symptoms or impediment in carrying out activities. A 

higherr score represents a higher level of impairment. The minimal important difference 

(MID)) has been estimated at 0.5 units (see chapter 6), which is similar to other 

questionnairess with 7-point response scales such as the Chronic Respiratory Questionnaire 

(CRQ)) [12;13] and the Asthma Quality of Life Questionnaire (AQLQ) [14;15]. 

Self-perceivedd health status was assessed with a one-item question ("How would you rate 

yourr health status at this moment": very good, good, fair, moderate, poor). This question 

wass slightly modified from the Netherlands Health Survey Interview [16]: we changed the 

categoryy "sometimes good, sometimes bad" into "moderate" due to misunderstandings of 

thee former wording in a pilot study. 

Psychosociall functioning was assessed with the Medical Psychological Questionnaire for 

Lungg Patients (MPQL) [17;18] for emotional well-being and experienced invalidity and the 
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Symptomm Checklist 90 (SCL-90) [19] for anxiety and depression. The MPQL is validated in 

patientss with asthma or COPD, including both outpatients (90%) and inpatients (10%). Raw 

scoress can be recoded to 5 normative categories, ranging from very favorable to very 

unfavorable.. The SCL-90 is validated in both a 'normal' population and a group of 

outpatientt psychiatric patients. Raw scores can be recoded to 7 categories. 

Copingg strategies were assessed with the CNSLD Coping Questionnaire (CCQ). The CCQ 

iss modified from the Asthma Coping Questionnaire [20] and suitable for both patients with 

asthmaa and patients with COPD. Because the CCQ is not yet fully validated, we computed 

thee internal consistency (Cronbach's a). The CCQ measures avoidance (a=0.86), rational 

actionn (a = 0.77) and emotional reaction («=0.64). The CCQ asks if the respondent showed 

thee behavior described hardly ever, sometimes, often or very often. The values for internal 

consistencyy are similar to those in the study by Ketelaars et al. [6]. 

Inn addition to the global ratings on clinical features (see chapter 2), patients were asked to 

ratee self-perceived change in performing activities of daily living, performing social activities, 

andd performing leisure activities on a 5-point response scale: "much improved - improved 

-- the same - worse - much worse". 

3.3.22 Statistical Analysis 

Thee hypothesis for this study was an pre-posttreatment improvement of 0.5 units (=MID) 

onn the QoLRIQ domains, with a null-hypothesis of no change in health status. Based on 

standardd deviations obtained from a pilot study, a sample size of 80 patients was needed. 

Thiss number would also be sufficient to detect an effect size of 0.5 in anxiety and 

depression.. Because of the high dropout, the inclusion period was enlarged to two years. 

Thee dropout pattern is described in Part 1 (see chapter 2). All statistical analyses were 

performedd with Statistica for Windows 5.1 (StatSoft, Tulsa, OK). 

3.3.2.11 Interpretation of change 

Wee used three indicators for change: statistical significance of change, effect size and the 

MID.. Statistical significance of pre/post-IPR change was assessed with the Wilcoxon 

matchedd pairs test or the paired t-test. Statistical significance was accepted at cc=0.05. 

Long-termm change was evaluated with repeated-measures ANOVA [21]. Significant 

ANOVA'ss were further explored with post-hoc testing usingTukey'sHSD (honest significant 

difference)) test. 

Interpretationn of long-term change consists of two questions. The first question is whether 

thee 6- and 12-months follow-up scores differ relevantly from the pre-IPR scores; this was 

assessedd by comparing pre-IPR scores with 6- and 12 month scores (absolute change for the 

QoLRIQ-domains,, effect size for other questionnaires). The second question is how much 

patientss change (i.e. deteriorate) in the follow-up period (post-IPR scores versus 6- and 
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122 month scores, using the baseline standard deviation for allowing comparison with other 

effectt sizes). 

Too assess the relevance of the observed pre/post-IPR change, absolute differences (for the 

QoLRIQ)) or effect sizes (for other questionnaires) were computed. The effect size is 

computedd as the change score divided by the baseline standard deviation [22]. An effect 

sizee of 0.2 represents a small change, 0.5 is a moderate change and 0.8 or higher is a large 

relevantt change [23], We showed in chapter 6 of this dissertation that the MID for the 

QoLRIQQ is 0.5 units on a 7-point response scale. 90% confidence intervals (90%CI) were 

computedd for the pre/post-IPR mean differences [24]. We checked if the lower limit of the 

90%CII [25;26] was above the MID of the QoLRIQ. This enables the interpretation of the 

clinicall relevance and statistical probability of the observed changes. The MID also simplifies 

interpretationn of long-term change. 

Wee used one norm-level improvement as MID for the SCL-90 and MPVC. MIDs for the 

SCL-900 and MPVC are unknown and difficult to assess because the normative levels differ 

inn size, which implies that a certain amount of change has a different meaning depending 

onn its place in the score-range. Jacobson etal, [27] suggested improvement back to normal 

orr normative functioning as a clinically relevant change. Because we did not expect such 

largee changes in severely ill patients, our suggestion is to use one norm-level improvement 

ass MCI D for these questionnaires and to compute the percentage of patients who improved 

orr deteriorated at least one norm-level. 

3.44 Results 

3.4.11 Baseline description 

Generall characteristics are shown in table 3.1 of Part 1(see chapter 2). The study group 

consistedd of 56 patients with asthma and 84 patients with COPD. Patients with COPD had 

significantlyy worse scores that patients with asthma on daily/domestic activities (p<0.0001), 

sociall activities (p=0.04) and experienced invalidity (p<0.0001); but better scores on 

triggeringg situations (p=0.03) (see table 3.1). Analysis of the MPQL-scores, which were 

recodedd to 5 normative categories, showed 57% to 83% unfavorable and very unfavorable 

scoress on emotional well-being and experienced invalidity (see table 3.2). A similar analysis 

off the SCL-90 shows that about 50% of the patients had a high or very high score on anxiety 

andd depression, as compared to the general population. 

Comparingg questionnaire scores found in this study with values from other studies in the 

Netherlandss showed that the patients with COPD had a higher level of anxiety (p=0.06) 

andd depression (p=0.04) than outpatient-treated patients with COPD [28], and more 
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complaintss on general activities, daily/domestic activities, social relations and QoLRIQ-total 

scoree than outpatients (all p<0.005) [29]. Patients with asthma had worse scores than 

outpatientss with asthma on all domains of the QoLRIQ (p<0.05 to p<0.00001) [29]. Scores 

onn the CCQ were similar to those in the IPR-study by Ketelaars and coworkers [6]. 

3.4.22 Non-response analysis 

Dropoutt rates are described in Part 1. There were no significant differences in dropout rates 

betweenn patients with asthma and patients with COPD or between levels of severity. 

Theree were only a few differences between IPR-completers, treatment dropouts and study 

dropouts;; from which three reached significance at post-hoc testing. Study dropouts had 

aa worse score than completers on triggering situations (asthma only, p=0.03), a worse score 

onn self-assessed health status than treatment dropouts (asthma only, p=0.02), and a better 

scoree on experienced invalidity than both treatment dropouts and completers (COPD only, 

p=0.022 and 0.04). There were no significant differences in health status or psychosocial 

functioningg between study-completers and follow-up dropouts. 

3.4.33 Pre-post IPR change 

Alll domains of the QoLRIQ, except for the subdomain allergic triggers, showed highly 

significantt and clinically relevant changes, both in patients with asthma and patients with 

COPDD (see table 3.1). Mean change was at or above the MID of 0.5 units in all domains 

(seee figure 3.1). In several domains, the lower limit of the 90%CI was also above the MID 

(seee figure 3.1). About two-third of the patients who completed the program had an 

improvementt in QoLRIQ-total score above the MID (asthma: 64.1%; COPD: 63.2%) (see 

tablee 3.1). When all patients who started with IPR are taken into account (intention to 

treat),, about half of the patients improved above the MID (asthma: 44.6%; COPD: 51.2%). 

Thiss results in a number needed to treat of 2.2 for asthma and 1.95 for COPD. 
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Tablee 3.1a : Pre-post-treatment change in health status: asthma (N=39) 

QoLRIQ-domains s 

Breathingg problems 

Physicall problems 

Emotions s 

Generall activities 

Triggeringg situations 

Triggers:: weather 

Triggers:: allergic 

Daily/domesticc activities 

Sociall activities * 

Social:: activities 

Social:: relations * 

QoLRIQ-totall score 

pre-IPR R 

3.55 (1.3) 

3.4(1,1) ) 

3.22 (1.3) 

4.0(1.4) ) 

3.55 (1.1) 

4.22 (1.3) 

2.66 (1.6) 

3.8(1.2) ) 

3.8(1.7) ) 

4.55 (1.8) 

3.44 (1.8) 

3.6(1.0) ) 

post-11 PR 

2.99 (1.1) 

2.8(1.3) ) 

2.22 (1.0) 

2.6(1.3) ) 

3.0(1.1) ) 

3.33 (1.3) 

2.55 (1.5) 

3.0(1.3) ) 

2.7(1.5) ) 

3.3(1.7) ) 

2.11 (1.5) 

2.8(1.0) ) 

p(D D 

56.4% % 

61.5% % 

59.0% % 

69.2% % 

48.7% % 

64.1% % 

33.3% % 

62.9% % 

56.5% % 

69.2% % 

60.9% % 

64.1% % 

p(D) ) 

15.0% % 

5.1% % 

5.1% % 

7.7% % 

12.8% % 

10.3% % 

28.2% % 

14.3% % 

8.7% % 

15.4% % 

0% % 

7.7% 7.7% 

pp value 
change e 

0.004 4 

<0.0001 1 

<< 0.0001 

0.0001 1 

0.002 2 

<< 0.0001 

0.7 7 

0.001 1 

0.002 2 

<0.0001 1 

0.0003 3 

<0.0001 1 

ES S 

0.48 8 

0.62 2 

0.71 1 

0.94 4 

0.46 6 

0.76 6 

-0.03 3 

0.58 8 

0.52 2 

0.68 8 

0.58 8 

0.83 3 

Valuess are presented as mean (standard deviation). Lower scores indicate better functioning. 
p(l)== proportion improving; p(D) = proportion deteriorating (i.e. percentage of patients with change 
scoree > MID); ES=effect size. * N =23 
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Tablee 3.1b : Pre-post-treatment change in health status: C O P D ( N = 6 8 ) 

QoLRIQ-domainss pre-IPR post-IPR p(l) p(D) p value ES 
change e 

Breathingg problems 

Physicall problems 

Emotions s 

Generall activities 

Triggeringg situations 

Triggers:: weather 

Triggers:: allergic 

Daily/domesticc activities 

Sociall activities * 

Social:: activities 

Social:: relations * 

QoLRIQ-totall score 

3.6(1.0) ) 

3.4(1.0) ) 

3.4(1.2) ) 

4.5(1.4) ) 

3.4(1.1) ) 

4.22 (1.2) 

2.33 (1.5) 

5.0(1.4) ) 

4.5(1.6) ) 

4.9(1.7) ) 

4.11 (1.9) 

3.99 (0.8) 

2.8 8 

2.6 6 

2.6 6 

3.1 1 

2.9 9 

3.5 5 

2.2 2 

3.9 9 

3.8 8 

4.1 1 

3.4 4 

3.1 1 

(1.0) ) 

(1.0) ) 

(1.2) ) 

(1.4) ) 

(1.2) ) 

(1.3) ) 

(1.4) ) 

(1.6) ) 

(1.7) ) 

(1.7) ) 

(1.9) ) 

(1.0) ) 

57.4% % 

58.8% % 

55.9% % 

72.1% % 

45.6% % 

54.4% % 

29.4% % 

62.3% % 

55.0% % 

52.5% % 

65.0% % 

63.2% % 

11.8% % 

5.9% % 

10.3% % 

8.8% % 

16.2% % 

13.2% % 

19.1% % 

6.6% % 

25.0% % 

21.3% % 

20.0% % 

8.8% % 

<0.0001 1 

<< 0.0001 

<0.0001 1 

<0.0001 1 

0.0005 5 

0.0002 2 

0.4 4 

<0.0001 1 

0.008 8 

0.004 4 

0.008 8 

<0.0001 1 

0.76 6 

0.73 3 

0.68 8 

0.95 5 

0.45 5 

0.59 9 

0.08 8 

0.81 1 

0.49 9 

0.48 8 

0.36 6 

0.99 9 

Valuess are presented as mean (standard deviation). Lower scores indicate better functioning. 
p(l)) = proportion improving; p(D) = proportion deteriorating (i.e. percentage of patients with change 
scoree > MID); ES=effect size. * N =40 

Bothh groups improved significantly and clinically relevant in emotional well-being and self-

assessedd health status (see table 3.2), while patients with COPD also improved in 

experiencedd invalidity. Both groups improved non-significantly in anxiety and depression. 

Ratingg of self-perceived change showed improvement in performance of activities (daily 

living,, social, leisure) in 53% to 62% of the patients. Both groups showed significant and 

relevantt changes in coping behavior: less avoidance and more emotional reaction (see table 

3.3).. There was no change in rational action. 
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Tablee 3.2: Pre-post-treatment change in psychological domains 

Asthmaa (n=39) before e %% high 
score' ' 

after r pp value 
change e 

ES S improved d 
>11 level 

emotionall well-being 18(12) 

experiencedd invalidity 27 (4) 

anxietyy 20(12) 

depressionn 33 (19) 

self-assessedd health status 4 (1) 

73.3% % 

57.7% % 

51.9% 51.9% 

51.9% % 

28(12) ) 

26(6) ) 

16(10) ) 

25(14) ) 

3(2) ) 

0.007 7 

0.1 1 

0.04 4 

0.04 4 

<0.0001 1 

0.73 3 

0.46 6 

0.22 2 

0.37 7 

1.11 1 

42.2% % 

28.9% % 

31.8% % 

50.0% % 

COPDD (n = 68) 

emotionall well-being 

experiencedd invalidity 

anxiety y 

depression n 

self-assessedd health status 

19(8) ) 

311 (5) 

17(8) ) 

27(12) ) 

4(1) ) 

83.1% % 

81.8% % 

44.4% % 

60.5% % 

311 (16) 

29(7) ) 

15(9) ) 

244 (13) 

33 (1) 

<< 0.0001 

0.0004 4 

0.1 1 

0.07 7 

<0.0001 1 

1.44 4 

0.81 1 

0.08 8 

0.18 8 

1.29 9 

55.8% % 

36.4% % 

37.1% % 

45.2% % 

Valuess are presented as median (interquartile range) 
dd % of patients in two highest norm levels. Thresholds for high score: well-being: unfavourable <26; 

experiencedd invalidity: unfavourable >26; anxiety: high> 15 (men) or >18 (women); depression: 
high>233 (men) or >28 (women) 
bb ES = effect size (mean change divided by baseline standard deviation) 
Lowerr scores indicate better functioning, except for emotional well-being where higher scores indicate 
betterr functioning 
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Tablee 3.3: Pre-post-treatment change in coping domains 

Asthmaa (n=39) before e after r pp value 
change e 

ES S 

avoidance e 

rationall action 

emotionall reaction 

COPDD (n = 68) 

avoidance e 

rationall action 

emotionall reaction 

2.66 (0.5) 2.3 (0.6) 0.0008 0.58 

2.5(0.4)) 2.6(0.3) 0.3 0.26 

1.7(0.5)) 2.8(0.5) <0.00001 2.24 

2.44 (0.5) 2.2 (0.5) 0.0001 0.5 

2.66 (0.4) 2.6 (0.3) 0.5 0.08 

1.8(0.5)) 2.9(0.5) <0.00001 2.33 

Valuess are presented as mean (standard deviation). Range: 1 = hardly ever, 
4=veryy often. ES = effect size 

1.5 5 

asthma a 

COPD D 

JJ |r 
breathingg physical emotions general trigger daily social QoLRIQ 
problemss problems activities situations activities activities total 

Figuree 3 .1 : Mean pre-posttreatment improvement (box) with 90% confidence interval 

(whiskers)) in health status domains. 
Thee dashed line represents the minimal important difference. 
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3.4.44 One-year follow-up 

Repeatedd measures-ANOVA's gave significant time effects for all domains and total score 

off the QoLRIQ, both with or without the 12-month assessment (see table 3.4 and 3.5). The 

onlyy exception was triggering situations at 12 months in patients with asthma. In patients 

withh asthma, three domains (emotions, general activities, social relations) and the total score 

weree both at 6 and 12 months follow-up significantly and/or clinically relevant improved 

comparedd to pre-treatment scores (see table 3.4). Triggering situations and daily/domestic 

activitiess were still better than pre-l PR at 6 months, but not at 12 months. There were three 

domainss showing clinically relevant but non-significant deterioration in the 12-month 

follow-upp period in the asthma group (breathing problems, physical problems and general 

activities).. In patients with COPD, the 6 and 12-month follow-up scores of 4 domains 

(emotions,, general activities, daily/domestic activities, social relations) still differ significantly 

and/orr relevantly from the pre-IPR score (see table 3.5). All domains (exceptsocial relations) 

showw significant and/or clinically relevant deterioration when comparing follow-up with 

post-treatmentt scores. 

Theree was a similar pattern in emotional well-being and experienced invalidity (see table 

3.6).. Emotional well-being in patients with asthma was at both 6 and 12 months follow-up 

significantlyy and relevantly better than pre-IPR, without deterioration. Emotional well-being 

inn patients with COPD was still better than pre-IPR at 6 months follow-up, but not at 12 

monthss follow-up. Furthermore, in the follow-up period patients with COPD showed 

significantt and relevant deterioration both in emotional well-being and experienced 

invalidity.. Follow-up scores for experienced invalidity from patients with COPD did not 

differr from the pre-l PR scores. Repeated-measu res Anova's for anxiety and depression were 

nott significant, except for depression in patients with asthma (F = 3.4, p=0.02) with a 

marginallyy significant (HSD, p=0.04) effect size of 0.44 between pre-treatment and 12-

monthh scores. The initial change in the coping style 'emotional reaction' disappeared 

completelyy in both groups of patients. Post-hoc analysis of the highly significant repeated-

measuress Anova's (all p<0.00001) showed that post-treatment scores differed from pre-

treatmentt and follow-up scores (HSD, all p=0.0001), in both groups. The coping style 

'avoidance'' showed a similar pattern that was only significant in patients with COPD. 



healthhealth status outcome of IPR 71 1 

Tablee 3.4: Long-term change in health status, asthma 

domain n 

breathing g 

problems s 

physical l 
problems s 

emotions s 

general l 
activities s 

triggering g 
situations s 

daily/domestic c 
activities s 

social l 
relations s 

QoLRIQ-total l 

follow-up p 
period d 

66 months 

122 months 

66 months 

122 months 

66 months 

122 months 

66 months 

122 months 

66 months 

122 months 

66 months 

122 months 

66 months 

122 months 

66 months 

122 months 

F--
value e 

3.6 6 

3.0 0 

7.0 0 

4.8 8 

16.5 5 

11.2 2 

17.4 4 

9.6 6 

5.9 9 

1.3 3 

9.0 0 

6.1 1 

2.9 9 

3.6 6 

15.8 8 

9.3 3 

p-- value 

0.03 3 

0.04 4 

0.002 2 

0.006 6 

<0.001 1 

<0.001 1 

<0.001 1 

<0.001 1 

0.004 4 

0.3 3 

0.001 1 

0.001 1 

0.07 7 

0.03 3 

<0.001 1 

0.001 1 

pre-IPRR / follow-up 

Diff f 

0.24 4 

0.14 4 

0.46 6 

0.36 6 

0.93 3 

0.85 5 

1.21 1 

0.79 9 

0.49 9 

0.79 9 

0.37 7 

0.68 8 

0.89 9 

0.67 7 

0.5 5 

pHSD D 

0.6 6 

0.9 9 

0.08 8 

0.4 4 

<0.001 1 

<0.001 1 

<0.001 1 

0.04 4 

0.03 3 

0.001 1 

0.3 3 

0.08 8 

0.03 3 

<0.001 1 

0.02 2 

post-11 PR / follow-up 

Diff f 

-0.4 4 

-0.54 4 

-0.31 1 

-0.5 5 

-0.13 3 

-0.38 8 

-0.17 7 

-0.67 7 

-0.11 1 

0.06 6 

-0.36 6 

0.13 3 

0.16 6 

-0.16 6 

-0.35 5 

pHSD D 

0.2 2 

0.1 1 

0.03 3 

0.2 2 

0.8 8 

0.3 3 

0.8 8 

0.1 1 

0.8 8 

0.9 9 

0.3 3 

0.9 9 

0.9 9 

0.6 6 

0.9 9 

NN at 6 months: 29; N at 12 months: 17. Repeated measurements ANOVA with post-hoc significance 
testingg (p-value of HSD, Tukey's honest significant difference). The MID for difference (Diff) is 0.5 
units.. Minus sign indicates deterioration. 
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Tablee 3.5: Long-term change in health status, COPD 

F-- p-value pre-IPR/follow-up post-IPR/ follow-up 
value e 

Difff p HSD Diff p HSD 

domain n follow-up p 
period d 

breathing g 
problems s 

physical l 
problems s 

emotions s 

general l 
activities s 

triggering g 
situations s 

daily/domestic c 
activities s 

sociall relations 

QoLRIQ-total l 

66 months 

122 months 

66 months 

122 months 

66 months 

122 months 

66 months 

122 months 

66 months 

122 months 

66 months 

122 months 

66 months 

122 months 

66 months 

122 months 

17.8 8 

7.8 8 

15.8 8 

9.3 3 

10.6 6 

6.4 4 

24.3 3 

13.4 4 

9.9 9 

4.3 3 

20.7 7 

13.4 4 

3.9 9 

2.8 8 

22.7 7 

12.2 2 

<0.001 1 

<0.001 1 

<0.001 1 

<0.001 1 

<0.001 1 

0.001 1 

<0.001 1 

<0.001 1 

<0.001 1 

0.007 7 

<0.001 1 

<< 0.001 

0.03 3 

0.05 5 

<0.001 1 

<0.001 1 

0.38 8 

0.16 6 

0.21 1 

0.1 1 

0.46 6 

0.65 5 

0.7 7 

0.56 6 

0.13 3 

-0.03 3 

0.6 6 

0.7 7 

0.68 8 

0.8 8 

0.4 4 

0.33 3 

0.08 8 

0.8 8 

0.4 4 

0.9 9 

0.06 6 

0.07 7 

0.002 2 

0.2 2 

0.7 7 

0.9 9 

0.007 7 

0.03 3 

0.2 2 

0.3 3 

0.2 2 

0.3 3 

-0.6 6 

-0.73 3 

-0.61 1 

-0.77 7 

-0.45 5 

-0.45 5 

-0.7 7 

-1.13 3 

-0.49 9 

-0.62 2 

-0.65 5 

-0.83 3 

-0.3 3 

-0.32 2 

-0.56 6 

-0.74 4 

0.001 1 

0.002 0.002 

<0.001 1 

<0.001 1 

0.06 6 

0.3 3 

0.002 0.002 

<0.001 1 

0.004 4 

0.01 1 

0.004 4 

0.006 6 

0.7 7 

0.9 9 

<0.001 1 

<0.001 1 

NN at 6 months: 49; N at 12 months: 31. Repeated measurements ANOVA with post-hoc significance 
testingg (p-value of HSD, Tukey's honest significant difference). The MID for difference (Diff) is 0.5 
units.. Minus sign indicates deterioration 
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Tablee 3.6: Long-term change in psychosocial functioning. 

domain n 

emotional l 
wellbeing g 

experienced d 
invalidity y 

diag--
nosis s 

asthma a 

asthma a 

COPD D 

COPD D 

asthma a 

asthma a 

COPD D 

COPD D 

follow--
up p 

6 6 

12 2 

6 6 

12 2 

6 6 

12 2 

6 6 

12 2 

N N 

29 9 

18 8 

49 9 

32 2 

29 9 

18 8 

49 9 

32 2 

Repeatedd measures Anova with post-hoc 
significantt difference). M nuss sign 

F--
value e 

9.56 6 

6.21 1 

21.86 6 

11.86 6 

3.27 7 

1.47 7 

8.73 3 

3.77 7 

p-value e 

<0.001 1 

0.001 1 

<0.001 1 

<0.001 1 

0.04 4 

0.2 2 

<0.001 1 

0.01 1 

significancee testing (p-

pre-IPRR vs. 
follow--

ES S 

0.75 5 

0.91 1 

0.6 6 

0.5 5 

0.3 3 

0.26 6 

0.25 5 

up p 

HSD D 

0.02 2 

0 0 

0.02 2 

0.1 1 

0.5 5 

0.7 7 

0.1 1 

post-11 PR 
follow-u u 

ES S 

-0.27 7 

-0.14 4 

-0.84 4 

-0.78 8 

-0.4 4 

-0.89 9 

-0.78 8 

valuee of HSD, Tukey's honest 
ndicatess deterioration. ES=effect size. 

vs. . 

P P 

HSD D 

0.4 4 

0.9 9 

<0.001 1 

<0.001 1 

0.3 3 

0.006 6 

0.003 3 

3.55 Discussion 

Thee unfavorable scores on health status and psychosocial functioning show that the patients 

inn this study are highly impaired, in addition to the clinical severity of illness and instability 

foundd in Part 1 (see chapter 2). A major goal of the IPR-programme is to improve daily 

functioning.. IPR resulted in improvements in all HRQL-domains, both in patients with 

asthmaa and patients with COPD. The majority of the patients improved above the MID 

[30],, indicating clinically relevant changes. Intention-to-treat analysis gave a number needed 

too treat of about 2. Large improvements were also seen in self-assessed health status and 

emotionall well-being. The improvements in anxiety and depression were smaller than 

expectedd and in contrast to the large changes in the emotions-domain of the QoLRIQ and 

inn emotional well-being. The generic nature of the questionnaire we used (SCL-90) may be 

ann explanation for the small changes. Coping behavior also changed: there was less 

avoidancee and more use of the coping style emotional reaction. 

Theree was an important difference in long-term change between the two groups of patients. 

Patientss with COPD deteriorated significantly andd clinically relevant in the follow-up period 

inn most HRQL-domains, emotional well-being and experienced invalidity. Only domains 

relatedd to daily functioning remained improved in comparison to the pre-IPR level. Patients 

withh asthma showed some non-significant deterioration in health status and emotional well-
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beingg in the follow-up period, but remained significantly and clinically relevant improved 

inn comparison to their pre-IPR status. The initial changes in coping behavior disappeared 

inn both groups. 

Non-responsee analysis gave no clear indication of selective dropout, as was found by 

Ketelaarss and coworkers [6], There were some significant differences, but not in the 

expectedd direction, i.e. worse scores for treatment/illness related dropouts. We observed 

ann interestingdifference in between clinical/physiological and HRQL/psychosocial outcome 

measures.. Significant differences between completers and dropouts in clinical/physiological 

variabless were only found in the follow-up phase of the study, while differences in 

HRQL/psychosociall variables were only found in the I PR-phase. 

Thee positive effects of outpatient and home-based pulmonary rehabilitation on health status 

andd exercise tolerance of patients with COPD are well documented [26]. Pulmonary 

rehabilitationn in patients with asthma and the results of inpatient pulmonary rehabilitation 

havee received far less attention. One study on physiotherapy practice-based pulmonary 

rehabilitationn showed that patients with asthma show similar improvements as patients with 

COPDD [31]. Studies on IPR with patients with COPD have consistently shown 

improvementss in health status and exercise tolerance [5-7;32-37]. The only randomized 

controlledd trial on IPR [8] showed that an 8-week IPR programme for patients with stable 

COPDD results in sustained improvement in comparison with conventional care. IPR-studies 

withh follow-up [5-7,-35] showed that patients with COPD deteriorate to the pre-IPR level, 

whichh is similar to the results of the present study. 

AA major finding of our study is that patients with asthma showed lasting improvements in 

healthh status and emotional well-being. Another interesting finding is the change in coping 

behavior,, which was not found in another study on IPR with the same questionnaire [6]. 

Thiss change may be explained by the focus on training of self-management skills and 

modificationn of disease behavior. 

Thee control-group problem is not unique for this study: only one randomized trial of IPR 

versuss standard care has been published [8]. That study was feasible because of a 3 to 6 

monthh waiting list and by excluding unstable patients [38]. The severity of illness of patients 

referredd for IPR has been used as an argument against randomization [39]. Because our 

studyy had no control group, we searched for alternative methods to assess the statistical 

probabilityy and clinical relevance of the observed changes. 

Thee first method is to control for multiple testing by decreasing the level for accepting 

significancee to a very stringent level. A p-value of 0.001 provides reasonable evidence 

againstt the null-hypothesis [40]. Self-assessed health status, most QoLRIQ-domains, 
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emotionall reaction and in patients with COPD also emotional well-being and experienced 

invalidity,, improved with p-values of 0.001 or lower. 

AA second method is to check if the lower limit of the confidence interval is above the MID 

off 0.5 units, as suggested by Jones [25]. This was true for several QoLRIQ-domains. This 

suggestss that there is a clinically relevant improvement in almost all patients, which also 

showss from the high proportion of patients benefitting. 

AA third method, related to the large number of dropouts, is to perform imputation of 

missingg data. Imputation is used to check if something changes in the magnitude and 

significancee of the observed difference when all data are used [41]. A combined approach 

off sensitivity analysis and imputation, which is described in chapter 4, shows that the 

dropoutt did not distort the study findings. Even when assuming a worst case scenario, i.e. 

deteriorationn for the treatment dropouts and no improvement for the study dropouts, the 

short-termm improvement in QoLRIQ-total score remained significant in both groups. The 

changee was also clinically relevant {above the MID) in all scenarios, except for the worst 

casee scenario in patients with asthma. 

Wee found a contradiction between the diminishing of the initial treatment effect on health 

statuss and psychosocial functioning and the large decrease in hospital admissions post-IPR 

inn patients with COPD. It should be studied why patients report deterioration in quality of 

lifee and well-being while they are clearly improved on clinical parameters. The quick 

deteriorationn of health status in patients with COPD in the follow-up period is worrying, 

bothh from the perspective of the patients involved and from the perspective of third-payer 

parties.. Therefore, the effectiveness of methods for retaining the initial treatment effect, 

suchh as booster sessions, after-care programs [6] or repeating pulmonary rehabilitation [42], 

shouldd be studied. 
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3.66 Conclusion 

Thee patients referred for IPR showed highly impaired daily and psychosocial functioning. 

Thee IPR-programma resulted in large, clinically relevant improvements in health status, self-

assessedd health status and emotional well-being in both patients with asthma and patients 

withh COPD. Patients with asthma remained improved in the year after IPR. Patients with 

COPDD deteriorated in all domains, often to the pre-IPR level. Only daily functioning 

remainedd partially improved in patients with COPD. 

Two-thirdd of the patients who completed the program and half of the patients who started 

IPRR had an improvement in QoLRIQ-total score above the MID, which results in a number 

neededd to treat of 2. 

3.77 Overall conclusion part 1 and 2 

Thiss comprehensive study reported on baseline characteristics, pre/posttreatment change 

andd long-term outcome of inpatient pulmonary rehabilitation in both patients with asthma 

andd patients with COPD. The study group consisted of clinically unstable and highly 

impairedd patients with a very high pre-IPR hospitalization rate. There was a high, but non-

selectivee dropout. The major short-term findings of this study are the large, clinically 

relevantt improvements in health status and psychosocial functioning, and the decreased use 

off oral corticosteroids. Patients reported improved exercise tolerance, which was not 

accompaniedd by a mean change in walking distance. The major long-term findings of this 

studyy are the four- to six-fold decrease in hospitalization in the follow-up period and the 

lastingg improvements in health status and emotional well-being in patients with asthma in 

thee year after IPR. Health status in patients with COPD deteriorated to the pre-IPR level, 

ass was found in other studies. 
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