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1.11 Backgroun d 

Patientss with asthma or chronic obstructive pulmonary disease (COPD) often experience 

severee disabilities and handicaps despite optimal medical treatment. Outpatient pulmonary 

rehabilitationn has proven to be an effective treatment in most of these patients [1-5], by 

reducingg breathlessness and improving health status and functional exercise tolerance. The 

somaticc severity is often complicated by psychosocial problems such as anxiety, depression, 

relationall and/or occupational problems. The disabilities and handicaps contribute to the 

highh burden of disease, resulting in a highly impaired health status. The main characteristics 

off severity are an unstable disease pattern and a high burden of disease. An unstable 

diseasee pattern is characterized by frequent hospitalization, recurrent exacerbations, a high 

medicationn usage, somatic comorbidity and/or severe deconditioning. Standardized 

treatmentt programmes, such as most outpatient and home rehabilitation programmes [6-

9],, may not meet all the needs of highly impaired patients [10] and seem not to be sufficient 

inn severely dyspnoeic patients [11]. 

Inn patients with asthma or COPD who experience these somatic and psychosocial 

problems,, a multidisciplinary inpatient pulmonary rehabilitation program (!PR) with 

treatmentt goals tailored to the individual and specific problems of a patient may be 

necessary.. This thesis deals with the measurement of outcome of the multidisciplinary IPR 

programm of Asthmacenter Heideheuvel in Hilversum, the Netherlands. The focus of this 

thesiss lies on both the clinical outcome and the methodological difficulties of outcome 

assessment. . 

Thee current chapter describes the basic topics of asthma and COPD: definitions and clinical 

features,, epidemiology, comorbidity, exercise limitation, psychosocial functioning, health 

statuss and treatment options. The remainder of this chapter includes an overview of the 

methodologicall difficulties of outcome assessment in pulmonary rehabilitation, a description 

off the IPR programme of Asthmacenter Heideheuvel, and concludes with the research 

questions. . 

1.22 Definitio n and clinica l feature s of asthm a and COPD 

Asthmaa and COPD are both chronic airways diseases. Although they share some features, 

suchh as airflow limitation, these diseases are quite distinct in pathophysiology and 

epidemiology. . 
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1.2.11 Definition of COPD 

Chronicc obstructive pulmonary disease, abbreviated as COPD, is characterized by the 

presencee of slowly progressive, largely irreversible chronic airflow limitation [12;13]. COPD 

enclosess chronic bronchitis and emphysema. Chronic bronchitis is clinically defined as the 

presencee of chronic productive cough for 3 months in each of two successive years, which 

cannott be attributed to other pulmonary or cardiac causes. Emphysema is defined 

anatomicallyy as an abnormal, permanent enlargement of airspaces distal to the terminal 

bronchioles,, accompanied by destruction of the alveolar walls. The primary cause of COPD 

iss cigarette smoking [ 13; 14]. Smokers have higher death rates, more respiratory symptoms 

andd a greater annual decline of forced expiratory volume in one second (FEV^; age of 

starting,, total pack-years and current smoking status are predictive of COPD mortality. 

Socioeconomicc status has been suggested as the second most influential factor on morbidity 

andd mortality of COPD [15]. Other less important risk factors are passive smoking, ambient 

airr pollution, hyperresponsive airways, and occupational exposure [13]. COPD is 

characterizedd by chronic inflammation throughout the airways, which is caused by cigarette 

smokingg and possibly also by other COPD risk factors. This inflammation, together with an 

imbalancee of proteinases and antiproteinases in the lung, and oxidative stress, are held 

responsiblee for the damaging of lung structures [14]. The only known genetic abnormality 

thatt causes COPD is alpha!-antitrypsin deficiency, which accounts for less than 1% of all 

COPDD cases [13]. 

Thee normal decline in FEV^ in nonsmokers is 25 to 30 ml per year beginning at age 35. 

Smokerss have a greater decline, up to 150 ml/year in susceptible persons. A small amount 

off lung function is regained after cessation of smoking, while the decline in FEN^ becomes 

almostt similar to that in nonsmokers [16]. Usually, patients with COPD have been smoking 

att least 20 cigarettes per day for 20 or more years before symptoms develop. The major 

symptomss of COPD are breathlessness (dyspnea) at exercise or even at rest, chronic cough 

andd sputum production. A history of repeated respiratory infections is common [12]. With 

diseasee progression, intervals between acute exacerbations become shorter; weight loss, 

deconditioning,, hypoxemia, pulmonary hypertension and cor pulmonale may develop [13]. 

1.2.22 Staging of COPD 

Thee classification of the severity of COPD by the European Respiratory Society (ERS) is 

basedd on reduced FEX̂  expressed as a percentage of reference values [17]. A FENA, % 

predictedd of >70 in combination with obstruction assessed as FEV^vital capacity % 

predictedd less than 88% is classified as mild; a FEV, % predicted of 50-69 as moderate; and 

aa FEN^ % predicted of >50% as severe [12]. The American Thoracic Society (ATS) uses a 

differentt staging: stage I = FEVT >50% predicted; stage II = FEV, 35 to 49% predicted; stage 

IIII = FEY^ >35% predicted [13]. Recently, the Global Initiative for Obstructive Lung Disease 
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(GOLD)) proposed a new classification based on both FEV1 and symptoms [14]. 

Asthmacenterr Heideheuvel uses the ERS-classification. 

Thesee stagings are all based on FEV^ because decrease in FEV-, has long been known to be 

thee best correlate with mortality and morbidity in patients with COPD [13]. However, 

disabilityy is only weakly related to measurements of lung function [18]. A number of studies 

havee shown that dyspnea is a better predictor of health status, morbidity and mortality than 

lungg function parameters [19-23]. Nishimura showed that dyspnea is a better predictor of 

5-yearr survival than FEV1 [22]. Hajiro found that the Medical Research Council (MRC) 

dyspneaa scale, but not the ATS-staging, separated different levels of health status [21]. 

Williamss and Bury found that the MRC scale could distinguish between levels of disability 

ass measured with the Sickness Impact Profile [19]. Health status was much stronger 

correlatedd to dyspnea (as measured with the baseline dyspnea index) (r=0.51 to 0.70) than 

lungg function measures (r=0.08 to 0.44) in the study by Mahler et al. [24]. Furthermore, 

Almagroo and coworkers found that not FEVn %predicted or FVC %predicted, but quality of 

life,, depressive symptoms, comorbidity, marital status and prior hospital admissions were 

associatedd with higher mortality [23]. 

Severall authors argued to use dyspnea for grading severity [11 ;18;21;22]. Wedzicha and 

coworkerss suggested the MRC dyspnea scale as a valid and simple method for categorising 

disability,, as a complement to FEV-, in the classification of COPD severity [11;18]. They 

foundd significant associations between MRC grade and walking distance, quality of life, 

moodd state and activities of daily life. The value of the MRC scale as a tool for grading 

diseasee severity should be further studied in prospective studies. 

1.2.33 Definition and staging of asthma 

Asthmaa is defined as a chronic inflammatory disorder of the airways, which causes recurrent 

episodess of wheezing, breathlessness, chest tightness, and coughing, particularly at night 

andd in the early morning [25]. These episodes are usually associated with variable airflow 

obstructionn which is often reversible: spontaneous or with medication. Airway 

hyperresponsivenesss is an important feature of asthma, leading to clinical symptoms of 

dyspneaa and wheezing. The recurrent airflow limitation in asthma is caused by a variety of 

changess in the airway [25], including acute bronchoconstriction caused by allergens, 

nonsteroidall anti-inflammatory drugs (such as aspirin) or stimuli as exercise, cold air and 

irritants.. The airflow limitation is mostly accompanied by airway edema and chronic mucus 

plugg formation, whereas in long-lasting asthma airway remodelling occurs. Severe chronic 

asthmaa can lead to persistent airflow limitation [25]. The reversibility of the airflow 

limitation,, either partial or complete, is a major difference between asthma and COPD. 

Becausee of the difficulty in differentiating patients with asthma whose airflow obstruction 

remitss only partly, from patients with COPD and airway hyperreactivity, patients with 



6 6 chapterchapter 7 

unremittingg asthma can also be classified as having COPD [13]. The 1992 three-step 

severityy classification of asthma (mild, moderate, severe) is based on clinical symptoms, 

airfloww limitation and level of medication necessary for stabilisation [26]. The most severe 

featuree determines the level of severity. The most recent guideline report [25] has a new 

four-stepp classification based on symptoms, nighttime symptoms and airflow limitation, 

distinguishingg between mild intermittent, mild persistent, moderate persistent and severe 

persistentt asthma. Asthmacenter Heideheuvel used the 1992 three-step severity 

classificationn during the study period. 

1.33 Epidemiolog y of asthm a and COPD 

AA major difference between asthma and COPD is the age-period with the highest incidence 

andd prevalence. Asthma often begins in childhood; the incidence of adult-onset asthma is 

muchh lower [25]. COPD is typically caused by cigarette smoking for about 20 years and is 

stronglyy associated with age [13]. It is difficult to give a clear picture of the prevalence of 

asthmaa and COPD, due to differences in diagnostic criteria used by various sources [27]. 

Inn the Netherlands, the prevalence of asthma is about 11.6 per 1000 for women and 10.8 

perr 1000 for men [28]. The prevalence of COPD is much higher: 24.2 per 1000 for men 

andd 13.8 for women. The overall prevalence of chronic airflow limitation increased from 

17%% in 1977 to about 3 1 % in 1992, including an increase in prevalence of severe cases 

fromm 2% to 4% [29]. 

inn Europe COPD and asthma are, together with pneumonia, the third most common cause 

off death. COPD is the fourth leading cause of death in North America [30;31]. Mortality 

ratess of obstructive lung disease (including both asthma and COPD) in the United States of 

Americaa have increased 47% from 1979 to 1993 [32]. Mortality rates of obstructive lung 

diseasee have started to stabilise among men, but continue to increase among women, 

whichh reflects historical smoking trends in these populations [32]. In the Netherlands, the 

mortalityy rate (per 100.000 persons) for asthma was 0.4 for men and 0.3 for women in 

19944 [28]. The mortality rate for COPD was much higher: 50.2 for men and 23.5 for 

women.. Mortality from asthma in adults showed a large decline since 1990 [33]. Mortality 

fromm COPD increased significantly except for men aged 35-64 years, who showed a 

significantt decrease. Older women (>65 years) showed a very large increase from a 

standardizedd mortality rate of 100 per million in 1980 to about 220 in 1994 [33]. In the 

Netherlands,, asthma and COPD combined belong to the 10 leading causes of lost disability-

adjustedd life years [28]; worldwide, COPD ranked 12th in 1990 and is projected to be the 

5thh cause of lost disability-adjusted life years in 2020 [14]. 
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1.44 Comorbidit y in patient s wit h asthm a or COPD 

Comorbidityy in patients with asthma or COPD can be divided in two groups: a) other 

primaryy coexisting diseases and b) secondary diseases or impairments resulting from chronic 

airfloww limitation. Recently, Van Manen and coworkers [34] studied the prevalence of 

comorbidityy in adult patients with asthma or COPD and controls selected from general 

practicess in the Netherlands, using a questionnaire on 23 chronic diseases with a 

prevalencee of >2%. This study showed that the prevalence of comorbidities was 10 -12% 

higherr in patients with chronic airflow limitation, with significantly higher odds ratios for 

locomotorr diseases (prevalence 36.1%), sinusitis, migraine, depression, insomnia, 

stomach/duodenall ulcers and cancer. The prevalences of hypertension and heart disease 

weree high (22.7% and 13.1% respectively) but did not differ between patients with chronic 

airfloww limitation and controls. 

Inn patients with asthma, allergy-related problems and anxiety are common [25]. In long-

termm users of oral corticosteroids, osteoporosis may occur [35]. COPD is associated with a 

rangee of non-pulmonary problems: exercise limitation, social isolation, altered mood states 

(anxietyy and depression), muscle wasting, and weight loss [14]. Hypoxemia has 

neurocognitivee effects: higher levels of hypoxemia are related to more severe impairment 

off neuropsychological functioning [36]. Hypertension, diabetes mellitus and ischemic heart 

diseasee were the most common comorbid diseases in a study on mortality of patients with 

severee COPD after an acute exacerbation [37], Ferrer and coworkers found that 84% of a 

samplee of outpatients with COPD reported at least one coexisting chronic condition, with 

4 1 %% reporting three or more comorbidities [38]. Osteoarthritis was the most prevalent 

condition.. Kaiser et al. found 75% self-reported multimorbidity in a group of patients with 

asthmaa or COPD [39]. 

1.55 Physica l performanc e 

Thee reduction of physical activity is one of the major characteristics of chronic airflow 

limitationn [40] and is extensively studied in patients with COPD. Exercise intolerance is the 

mostt disabling and distressing consequence of chronic airflow limitation for most patients 

[41].. Casaburi describes a downward spiral: the breathlessness associated with activity 

causess patients to become sedentary, which in turn deconditions the muscles of locomotion 

[44].. This in turn makes physical activity even more unpleasant and thus reinforces the 

sedentaryy lifestyle. In contrast to healthy persons, exercise capacity in patients with COPD 

iss limited by the maximal level of ventilation they can sustain [42]. No interference with 

physicall performance may occur at minor or moderate obstructions, because normally a 
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markedd ventilatory reserve is present at maximal exercise. Exercise capacity is often limited 

byy symptoms (dyspnea and fatigue) prior to physiological limitations [43]. 

Thee major causes of decreased exercise capacity are airflow obstruction (limiting the 

maximall ventilation and distorting pulmonary gas exchange) [44] and peripheral skeletal 

musclee dysfunction. The major characteristics of peripheral muscle dysfunction are 

reductionss of muscle mass and muscle strength [45-49], together with reduction of oxidative 

enzymess and altered fibre type profiles [49]. Peripheral muscle dysfunction is mainly caused 

byy the lack of physical activity: patients avoid exertion because of their fear of dyspnea. 

Muscless may also be affected by malnutrition [50], hypoxia, hypercapnia and drug therapy 

[49].. Other factors limiting exercise tolerance include impairment of respiratory mechanics, 

requiringg more effort of the respiratory muscles, which in turn causes inspiratory muscle 

fatiguee [51 ;52] and circulatory impairments, such as destruction of the pulmonary 

vasculaturee and right heart decompensation [41;44;51]. The destruction of alveolar walls 

andd pulmonary vasculature causes a decrease of the effective area for gas transport, 

resultingg in a diffusion disorder. 

Inn patients with asthma, exercise may induce constriction of the airways, which may cause 

nott only dyspnea, but may also trigger an asthma attack [53;54]. Therefore, patients with 

asthmaa often avoid physical activity, resulting in the deconditioningspiral described above. 

1.66 Psychosocia l functionin g in patient s wit h asthm a or COPD 

Thee most prevalent psychosocial problems in patients with chronic airflow limitation are 

anxietyy and depression. Several studies reported on the prevalence of anxiety and/or 

depressionn in patients with asthma or COPD [55-58]. In patients with COPD, the 

prevalencee of depression ranges from 16% [59;60] to 74% [61 ]; the prevalence of anxiety 

showss an ever wider range: from 2% [55] to 96% [61]. The differences in prevalences 

betweenn studies are most probably caused by differences in patients samples and 

measurementt methods [36]. Patients with COPD have higher levels of anxiety and 

depressionn than controls or normal subjects [62-64], but do not seem to have more 

personalityy disorders than normal subjects [65]. The increased risk of depression in patients 

withh COPD has recently been questioned in a systematic review [66]. This review found an 

associationn between depression and COPD, but concluded that the empirical evidence on 

increasedd risk of depression remains inconclusive due to the poor methodological quality 

off the included studies. 

Inn patients with asthma, anxiety plays an important role. A major characteristic of asthma 

iss sudden and unexpected attacks of impaired breathing [67]. This threat is accompanied 



generalgeneral introduction 9 9 

byy anxiety. On the one hand, asthma-specific anxiety (as opposed to general anxiety) is 

importantt in emergency compliance, by influencing the amount of medication taken by the 

patientss and by influencing decisions about seeking medical attention [67]. On the other 

hand,, adequate disease behaviour may be compromised by very strong anxieties such as 

panicc disorders, over- or underestimation of asthma symptoms and unfounded fear of side 

effectss [67]. Furthermore, psychological stress influences the immune system and the 

autonomicc control of airways and increases the risk of respiratory infections [68]. Although 

thee level of anxiety in patients with mild asthma does not seem to differ from the general 

populationn [69;70], psychopathology plays an important role in severe asthma. Bosley 

reportedd that about 40% of the patients with near-fatal asthma attacks were psychiatric 

casess accordingto the General Health Questionnaire [71 ]. Adverse psychological and social 

factorss are related to asthma deaths [72]. Ten Brinke and coworkers recently reported an 

associationn between health care utilization and psychological functioning in patients with 

severee asthma (defined as a high dose of inhaled corticosteroids and at least 1 severe 

exacerbationn in the last year) [73], also using the General Health Questionnaire to detect 

psychiatricc disorders. Psychiatric cases had higher odds ratios than non-cases for >4 visits 

too general practitioner, >2 emergency visits, >2 severe exacerbations and for >2 hospital 

admissionss (all in the last year). 

Depressionn seems common in patients with asthma: Mancuso et at. reported that 45% of 

aa sample of younger adults with asthma in primary care had depressive symptoms [58]. 

Dyerr et al. reported a high level of depression in older hospitalized patients with asthma 

(48%),, although not significantly different from hospitalized controls [74]. 

1.77 Health status 

Chronicc airflow limitation has a large impact on the life of a patient. The impact of disease 

onn patients' life, health and well-being can be described and quantified by health status 

measurementt [75;76]. The term health status is often used interchangeably with functional 

statuss and with health-related quality of life [76-78]. Functional status reflects the ability to 

performm tasks of daily life [77-79]. Health-related quality of life assesses the consequences 

off a disease, and encompasses the physical, psychological and social functioning of a 

patientt [80]; it connotes the subjective experience of the impact of health status on the life 

off a person [77]. Quality of life is unique to each individual [81 ;82]. Perception of quality 

off life varies between persons and is dynamic within them [83]. Most existing measures of 

qualityy of life fail to take account of this uniqueness by imposing standardized models of 

qualityy of life and preselected domains [81]. This neglects that people have different 

expectationss of their health, that people may be at different points on their illness trajectory 
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andd that the reference value of their expectations may change over time ("response shift" 

[84])) [83], Therefore, most currently available instruments measure health status rather than 

qualityy of life [81 ;82;85] and may be inappropriate for measuring quality of life [86]. 

1.7.11 Health status measures 

Healthh status measures can be divided into two groups: generic and disease-specific [87]. 

Genericc measures can be divided into health profiles and utility measures; they can be used 

inn a variety of clinical settings and populations and allow comparisons of health status across 

differentt diseases [77;87]. Disease-specific measures focus on the areas of function that are 

relevantt to a particular illness [88], and are therefore more sensitive to small but important 

changess caused by treatment [77;88]. Using both generic and disease-specific measures in 

clinicall trials is advocated by several authors [89-95]. 

Thee impairment of physical, psychological and social functioning in patients with asthma 

orr COPD has been studied extensively. Several studies used the patient's perspective to 

exploree in which domains of life patients experience the most problems. Major problem 

areass are symptoms, restriction of day-to-day activities (because of dyspnea), physical 

problemss and fatigue, emotional functioning, control over the disease, environmental 

exposuree and (restriction of) social functioning [96-100]. This information has been used 

too construct disease-specific health status questionnaires, such as the Chronic Respiratory 

Questionnairee (CRQ) [89;101-103], the St. George's Respiratory Questionnaire (SGRQ) 

[104-106],, the Quality of Life for Respiratory Illness Questionnaire (QoLRIQ) [100; 107], the 

Asthmaa Quality of Life Questionnaire (AQLQ) [88;99] and a range of others [98;108-115]. 

Recentt trends are the development of standardized versions of the CRQ [116] and the 

AQLQQ [117]; the development of short or shortened questionnaires [114;118-124]; the 

constructionn of questionnaires specifically measuring activities of daily life in patients with 

COPDD [125;126]; and the first attempts at disease-specific utility measures [127;128]. 

Thee impairment of health status in asthma and COPD has also been studied with several 

genericc profile questionnaires, such as the Sickness Impact Profile (SIP) [129;130], the 

Qualityy of Well-Being scale [63], the Medical Outcomes Study Short Form-36 (SF-36) 

[1311 ;1 32], the Rand-36 [133;134] (which slightly differs from the SF-36 in item summation, 

butt not in wording or structure [135]) and the Nottingham Health Profile [136;137]. 

Overviewss of generic measures are given by Bowling [138] and by König-Zahn [139]. 

1.7.22 Health status in COPD 

Studiess using the SIP showed that patients with COPD are significantly more impaired than 

controlss in all domains of functioning [19;36;56;63;140;141]. 60% of the patients with 

chronicc airflow limitation have severe functional limitations [19;56]. Recreational activities 

andd household management are the most restricted domains [19;56;140;142;143]. Leidy 
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andd Haase did a qualitative study on the functional performance of people with COPD and 

reportedd limitations in household maintenance, movement, family activities, social 

activities,, (voluntary) work and recreation [144]. Williams and Bury reported that 40% of 

thee patients in their study was unable to work due to illness [19]; Ketelaars and coworkers 

reportedd that most older patients with COPD have retired or stopped working [145]. 

Severall studies assessed the determinants of health status in COPD. Health status is 

significantlyy related to symptoms such as breathlessness [19;56;142;146-148] and fatigue 

[149];; to exacerbations [150]; mood state including anxiety and depression [56;77;151-

154];; activities of daily life [153] and health resource use [152;155]. Several studies show 

aa relation between health status and exercise tolerance [56;145;151;152], but others find 

noo relation [156;157]. 

Thee relation of health status with lung function parameters is less clear, with correlations 

rangingg from 0.04 to 0.41 [75;77]. Health status is related to the severity of hypoxemia in 

patientss with severe COPD [141]. Subjective fatigue dimensions (reduced activity and 

reducedd motivation) are related to FENA,; physical fatigue is related to muscle force [158]. 

Ferrerr [38] and Hajiro [159] found that the ATS and British Thoracic Society severity stagings 

respectively,, which are based on FEVV can separate groups of patients with varying degrees 

off impaired health status as measured with the SCRQ. However, Hajiro [21] found in an 

earlierr study (which probably used largely the same patients) that the MRC-dyspnea scale, 

butt not the ATS-staging, could separate levels of health status. 

1.7.33 Health status in asthma 

Thee most important impaired functional domains in asthma are symptoms, emotions, 

physicall activities and environment [120]. Symptoms affect all domains of health status 

[160;161].. Asthma has impact on employment, education, physical activities, social 

interaction,, personal realtionshipsand emotional well-being [162]. Health status is related 

too disease severity [161 ], as indicated by number and duration of episodes, lung function, 

medicationn use, presence of exacerbations, emergency care, hospitalizations [122], and 

symptoms.. Lung function, as measured with FEVV shows small to moderate but significant 

correlationss with most domains of the SF-36 [163], Patients with a positive screen for 

depressionn have significantly worse scores on the SF-36 and the AQLQ than patients with 

aa negative screen [58]. Health status in asthma is also influenced by gender (women having 

poorerr health status) [98;99; 160; 164], socioeconomic status (patients with lower education 

reportt lower health status) [164; 165] and ethnicity (ethnic minorities have poorer health 

status)) [165;166]. Patients with moderate asthma have a poorer health status than the 

generall population, as indicated by lower scores on several SF-36 domains: physical 

functioning,, pain, general health perception and emotional role limitations [167]. Older 

adultss with asthma have a poorer health status than controls: a lower self-assessment of 
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health,, a greater handicap in mobility and more problems with instrumental activities of 

dailyy living [168]. Furthermore, elderly people with asthma have significantly lower scores 

thann controls on several domains from the SF-36: physical function, physical role, vitality, 

healthh change and general health perception [74]. 

1.88 Treatmen t method s fo r asthm a and COPD 

1.8.11 Pharmacotherapy 

Thee goals of treatment in asthma and COPD are to prevent respiratory symptoms and 

recurrentt exacerbations and to preserve optimal lung function [12;25], with the ultimate 

goall of improving daily functioning and health status. In COPD, cessation of smoking is the 

bestt way to help the patient [169], because so far it is the only strategy that reduces the rate 

off decline in lung function [16]. However, less than a third of the smokers continue their 

abstinencee after counselling [1 3]. The pharmacotherapy of breathing problems caused by 

asthmaa and COPD is quite similar. A distinction can be made between quick relief 

medicationn and long-term control medication [25]. Quick relief bronchodilation is achieved 

byy f32-agonists and anticholinergics. (32-agonists are preferred in asthma [25], while new, 

moree selective anticholinergics are the best choice in COPD [170]. Long-term control is 

mainlyy achieved with inhaled and oral corticosteroids which have a potent anti-

inflammatoryy effect; with long-actingbronchodilators including(32-agonists, anticholinergics 

andd methylxanthines (theophylline). In asthma, anti-allergic agents, such as nedocromil and 

chromolynn sodium, and leukotriene antagonists are also used for long-term control [25]. 

Inhaledd corticosteroids do not alter the decline of FEV1 in patients with COPD, but reduce 

thee number of exacerbations and slow the decline in health status [1 71 ]. In patients with 

COPDD and progressive hypoxemia, long-term oxygen therapy may be necessary and 

prolongss life [13]. Other noteworthy medications include influenza vaccination, 

psychoactivee agents and cardiovascular therapy. In some patients with very advanced 

COPD,, lung volume reduction surgery or lung transplantation may be indicated [169]. 

Exacerbationss are the main cause of medical intervention and admission to hospital in 

patientss with asthma or COPD [172]. Mild exacerbations can be defined as increased 

intensity/frequencyy of symptoms and/or worsened lungfunction (in asthma) or as increased 

breathlessness,, associated with increased cough and sputum production (in COPD), forcing 

thee patients to seek medical attention. Asthma exacerbations are severe if a lack of response 

orr a quick progression occurs or if the patient is at risk of asthma-related death. COPD 

exacerbationss are severe when associated with acute respiratory failure [172]. Treatment 

off exacerbations is done mainly with high dose systemic corticosteroids, supplemental 
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oxygen,, short-acting inhaled bronchodilators and, in case of bacterial infection, with 

antibiotics. . 

Long-termm treatment with systemic corticosteroids may cause several adverse systemic 

effects,, including osteoporosis, adrenal insufficiency, skin damage, cataracts, diabetes and 

secondaryy infection [13;35]. Long-term use of oral steroids should be weighed against the 

substantiall adverse effects [35; 173]. 

1.8.22 Pulmonary rehabilitation 

Thee principle goals of pulmonary rehabilitation are to reduce symptoms, decrease disability, 

increasee participation in physical and social activities, and improve the overall quality of life 

forr individuals with chronic respiratory disease [4]. In recent years, several comprehensive 

andd extensive guidelines on the components and results of pulmonary rehabilitation have 

beenn published [3-5;10;174-177]. Pulmonary rehabilitation may benefit all patients with 

lungg disease who, despite optimal medical treatment, are dyspnoeic, have reduced exercise 

tolerance,, or experience a restriction in activities [4]. The need for pulmonary rehabilitation 

iss dictated by symptoms, disability, and handicap, not by the severity of airflow obstruction. 

Pulmonaryy rehabilitation is mainly offerred to patients with COPD, but also patients with 

chronicc asthma, bronchiectasis and pulmonary fibrosis may benefit. Rehabilitation becomes 

appropriatee when patients become aware of their disability, which is usually at MRC 

dyspneaa grade 3 or higher [5]. 

1.8.2.11 Definitions of pulmonary rehabilitation 

Pulmonaryy rehabilitation is defined as a multidisciplinary programme of care for patients 

withh chronic respiratory impairment that is individually tailored and designed to optimise 

physicall and social performance and autonomy. American Thoracic Society, 1999 [4]. 

Pulmonaryy rehabilitation is a process which systematically used scientifically based 

diagnosticc and treatment options to achieve the optimal daily functioning in health-related 

qualityy of life of individual patients suffering from impairment and disability due to chronic 

respiratoryy disease as measured by clinically and/or physiologically relevant outcome 

measures.. European Respiratory Society, 7997 [10]. 

1.8.2.22 Settings and components 

Pulmonaryy rehabilitation is effective in all settings, although programs vary considerably in 

content,, intensity, and duration. Settings include hospital inpatient, hospital outpatient, 

communityy centre based, physio-practice based and home-based. The content may vary 

fromm exercise training [178] to comprehensive programs given by interdisciplinary working 

treatmentt teams (see §10). Most programs are between 4 and 12 weeks, but durations as 
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shortt as 10 days [179; 180] to as long as 6 months [9] have been reported. Inpatient 

pulmonaryy rehabilitation is suggested for severely handicapped patients and for a number 

off special reasons, such as integrated 24-hour monitoring; specific interventions such as 

nutritionall therapy, behavioural interventions to correct psychosocial problems, and 

teachingg of coping skills; and logistic aspects such as travelling distance [10]. Patients 

referredd to outpatient pulmonary rehabilitation programs should be in a stable phase of 

theirr disease, and have no major psychological or somatic problems. Furthermore, these 

patientss should have enough functional ability to attend the hospital or community centre 

twoo or three times a week for an outpatient session with mainly exercise training [4;10], 

Thiss type of patients can also be referred to home-based or physio-practice based 

pulmonaryy rehabilitation programs [6-8;181; 182]. Home-based rehabilitation is not suitable 

forr severely disabled patients [11]. Contraindications for rehabilitation are a lack of 

motivationn to participate in the programme, and diseases interfering with the treatment 

processs [10; 183]. 

Pulmonaryy rehabilitation programs should be comprehensive and individually tailored. The 

majorr components of rehabilitation are exercise training, education, psychosocial and 

behaviourall interventions, and outcome assessment [4;184], Physical training improves 

exercisee capacity and health status. The physical training, mostly walking and cycling, 

shouldd have a sufficient frequency, duration, and intensity to achieve a physiological 

trainingg effect. The target level of exercise training intensity should be around 60% of the 

maximumm work capacity. Exercise training should be done for about 20 to 30 minutes two 

too five times a week, with a course duration of 4 to 12 weeks [4;5]. Although a true 

physiologicall effect may only be achieved with a relatively high training intensity [185], 

improvementss in functional performance may occur at lower intensities [186] because of 

improvementss in confidence, ergonomics, or a reduction in dyspnea [184]. The effect of 

trainingg is specific to the muscle groups that are trained, and reversible. Upper extremity 

endurancee training may improve arm function which is important for many activities of 

dailyy living. Lower extremity endurance training, which is the major component of most 

pulmonaryy rehabilitation programs, improves submaximal endurance time for walking and 

cycling.. Strength training is useful for reducing peripheral muscle weakness, which 

contributess to exercise limitation. Respiratory muscle training improves the strength and 

endurancee of respiratory muscles, but has no impact on disability or handicap. 

Patientt education has become a central feature of pulmonary rehabilitation, although 

educationn alone is not sufficient [60; 187; 188]. Education includes lectures about 

medicationn and pathophysiology of lung disease; personal advice on nutrition, smoking 

cessation,, travel and relationships; and training of self-pacing, relaxation, energy 

conservation,, chest clearance and adequate self-management skills [4;5;10]. The role of 

breathingg retraining remains unclear. Nutritional therapy, which can consist of advice, 
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nutritionall supplements and anabolic agents, is often necessary because of weight loss and 

depletionn of fat-free mass, especially in patients with COPD admitted to inpatient programs 

[189].. Obesity may be a problem in a number of patients. 

Psychosociall and behavioural interventions are necessary to deal with anxiety, depression, 

copingg problems, and reduced self-efficacy. Patients should be helped to cope more 

effectivelyy with the physical manifestations and psychological consequences of their illness 

[10].. Fear of dyspnea-producing activities may cause patients to avoid doing their daily 

activities.. Anxiety, decreased energy levels and depression may interfere the ability of 

patientss to cope with their illness, resulting in inadequate illness behaviour. Interventions, 

inn the form of educational sessions, or individual, family and group psychological 

counsellingg [190], may include behavioural modification, stress management, panic control, 

musclee relaxation, goal setting and rewarding, changing beliefs about exercise and health 

relatedd behaviour, personal relationships and sexuality. Group discussions about common 

symptoms,, concerns and problems may give emotional support. 

Thee last component of pulmonary rehabilitation, outcome assessment, is described in detail 

inn §1.9. 

1.8.2.33 Benefits of pulmonary rehabilitation 

Thee major benefits of pulmonary rehabilitation in patients with COPD are a reduction in 

symptoms,, especially breathlessness; and improvement of health status and functional 

exercisee capacity [1 -5;191 ]. Impairment of lung function does not improve with pulmonary 

rehabilitationn and should therefore only be used as a descriptor of the patient population. 

Improvementt of health status, daily functioning and physical performance has been 

reportedd by a host of studies on outpatient pulmonary rehabilitation, both randomised 

controlledd trials [9;11 ;60;192-198] [199;200] and non-randomised or observational studies 

[157;201-217].. Positive effects have also been reported in physio-practice based [8;218] 

andd home-based pulmonary rehabilitation programs [6;7;181;182]. However, severely 

disabledd patients, with a maximal MRC dyspnea score, do not benefit from rehabilitation 

att home [11]. Improvements in psychological and cognitive functioning have also been 

reportedd [190;194;203;207;209;219]. 

Thee short-term benefits of inpatient pulmonary rehabilitation have been reported in a 

numberr of observational studies [179;180;220-236]; until now only one randomised 

controlledd trial of comprehensive inpatient pulmonary rehabilitation versus standard care 

hass been published [237]. In contrast to the previous studies, no short-term improvements 

inn psychological, physical, social or practical functioning (all assessed with questionnaires) 

weree found in a randomized trial of inpatient pulmonary rehabilitation with or without 

patientt education [238]. 
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1.8.2.44 Long-term effectiveness of pulmonary rehabilitation 

Mostt studies on the long-term effectiveness of pulmonary rehabilitation show lasting 

improvements,, but gradual deterioration isalso found, especially in inpatient rehabilitation. 

Thee research synthesis by Cambach and coworkers found significant effect sizes for maximal 

exercisee capacity and 6-minute walking distance up to 9 months [1]. Several outpatient 

programss have shown sustained improvement in exercise capacity at 6 months [8;193;197] 

andd 12-36 months post-rehab [7;9;196;202;210;239-241] and in health status 

[8;9;197;242].. Others found that some or all gains made in disability and handicap 

graduallyy decreased during follow-up [243;244], but remained significantly positive when 

comparedd to control groups [195;196;210]. Several long-term studies on inpatient 

pulmonaryy rehabilitation show marked deterioration in the follow-up period 

[224;229;230;245],, but others found sustained improvement [180;246] or both 

deteriorationn and sustained improvement [220;221]. The only randomized controlled trial 

foundd that the rehabilitation group was still significantly better than the conventional care 

groupp at 24 weeks {16 weeks post-rehab) [237], despite deterioration in the community-

phasee of the study [247]. 

1.8.2.55 Effect on hospitalisation 

Pulmonaryy rehabilitation reduces the number of hospitalisations and the number of days 

inn hospital [3;195;242;248]. However, some studies found no change in hospital 

admissionss after outpatient [196] or inpatient pulmonary rehabilitation [246]. Until now, 

onlyy two full economic analyses of pulmonary rehabilitation have been published 

[249;250].. Results show that comprehensive outpatient [250] and inpatient pulmonary 

rehabilitationn [249] and behavioural programs [251] produce quality-adjusted life-years 

withinn bounds considered cost effective. Several recent studies reported the cost of the 

programm [9;199;208;21 7;252], but without any subsequent cost-effectiveness analysis 

[253]. . 

1.8.2.66 Further research 

Furtherr research is required on the essential components of pulmonary rehabilitation [4], 

especiallyy on optimal types and intensity of exercise training, patient education and 

psychosociall and behavioural interventions [1 74;254]. The optimal duration and intensity 

off both outpatient [198] and inpatient programs is unknown. Ringbaek and coworkers 

foundd that exercise and education twice a week for 8 weeks did not result in improvements 

[252];; Engström et al. found improvement in exercise capacity but not in health status with 

22 sessions per week [241]. However, others found significant improvements with one [208] 

orr two sessions per week [192;210;211 ;213]. Most outpatient programs use 3 sessions per 

week,, but programs of 5 days a week have also been reported [194;203]. Duration of 
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outpatientt programs range from 4 weeks [198] up to 6 [9] and 12 months [241]. Green and 

colleaguess found that a 7-week program gave significantly greater improvements than a 4-

weekk program [198]. 

Exercisee maintenance results in sustained improvements in exercise capacity [6;202;212]. 

However,, the optimal form of maintenance programs [254-256] and the usefulness of 

aftercaree [232], booster sessions [241 ] and repetition of pulmonary rehabilitation [242] need 

too be studied. This is especially important in inpatient pulmonary rehabilitation, because 

off the frequently reported deterioration post-rehab. More research is also required on 

pulmonaryy rehabilitation in lung diseases other than COPD [4] and in clinically unstable 

patients.. There is some evidence that patients with asthma benefit from pulmonary 

rehabilitationn [8;53;195;225;248]. 

1.8.2.77 Outcome of I PR in Asthmacenter Heideheuvel 

Thee patients referred to the IPR-program of Asthmacenter Heideheuvel are often severely 

impairedd and clinically unstable, as characterized by recent hospital admissions, recurrent 

exacerbations,, and somatic and/or psychosocial comorbidity. This differs from most other 

inpatientt and outpatient pulmonary rehabilitation programs, which exclude unstable 

patients.. Another difference is that not only patients with COPD, but also patients with 

asthmaa are referred for treatment. Until now, nothing is reported about the results of IPR 

inn patients with asthma or in patients with unstable COPD. Therefore, the short- and long-

termm outcome of interdisciplinary inpatient pulmonary rehabilitation for patients with 

asthmaa or COPD in Asthmacenter Heideheuvel is described in chapters 2 and 3 of this 

dissertation.. Because of the comprehensive nature of the rehabilitation programme, 

outcomee assessment included health status, hospitalization, medication usage, functional 

exercisee tolerance, psychosocial functioning and coping behaviour. 

1.99 Measuremen t of outcom e in pulmonar y rehabilitatio n 

Joness [75] describes COPD as a multisystem disorder. The major components are 

breathlessness,, fatigue and muscle wasting, exacerbations, sleep and mood disturbances. 

Theree is a complex interplay between breathlessness, exercise limitation, depression and 

anxiety,, muscle wasting and disability [105;257], which cannot be assessed with measures 

off impaired lungfunctioning [75]. The major goals of pulmonary rehabilitation are to reduce 

symptoms,, increase function and improve health status [258]. Outcome measurement 

shouldd be as comprehensive as both the disease and the program, using appropriate and 

sensitivee measures. 
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Thee focus of outcome measurement in pulmonary rehabilitation has shifted from mortality 

andd FEVT towards health status. Until about a decade and a half ago, clinical aspects such 

ass mortality and FEV, were the predominant outcome parameters of pulmonary 

rehabilitation.. The review by Petty in 1993 describes the outcome of pulmonary 

rehabilitationn only in terms of survival [259]. In the 1980's, exercise tolerance became the 

mostt important outcome variable. Far more complete overviews of outcome assessment in 

pulmonaryy rehabilitation are given by Fishman (1994) [260], Zuwallack (2000) [258] and 

otherss [261 ;262]. Outcome measurement in pulmonary rehabilitation should include health 

status;; survival; physical functioning (including exercise performance and functional status); 

medicall resource consumption (ie. hospitalizations and use of emergency care); respiratory 

symptoms,, especially dyspnea; frequency of exacerbations of disease; psychological well-

beingg [263]; care-giver burden; need for assistive devices; nutritional status and body 

composition.. Pulmonary rehabilitation hardly ever changes airflow limitation, 

hyperinflation,, and disturbances in gas exchange. Therefore, objective measurement of 

pulmonaryy function, which is necessary for describing patients and for assessing outcome 

off other treatment options such as medication and assistive devices, has no place in the 

outcomee measurement of pulmonary rehabilitation. 

1.9.11 Health status measurement in pulmonary rehabilitation 

Healthh status measurement provides a comprehensive estimate of the primary and 

secondaryy effects of disease [75]. In the last 15 years, a large number of health status 

measuress specific for asthma and/or COPD have been published (see §7.1). There are 

severall reviews available on the use of both disease-specific and generic health status 

measuress in asthma and COPD [75; 76;85;91;93;94;105;264;265]. In recent years, several 

comparisonss of disease-specific and/or generic health status measures have been published 

[95;128;153;167;266-274].. Disease-specific measures are consistently more responsive, 

moree valid, more reliable and better discriminators than generic profile (SF-36, SIP) and 

utilityy measures (Euroqol or EQ5D [275], rating scale, standard gamble). The AQLQ 

performss best within the asthma-specific measures [128;266;274]. Within the COPD-

specificc measures, both the CRQ and the SCRQ perform good [267;270]. The CRQ is more 

responsivee to change due to pulmonary rehabilitation than the SCRQ and the BPQ 

[273;276],, although Yohannes et al. suggested that the BPQ provides a more valid 

assessmentt of health status than the CRQ in elderly patients with COPD [153]. The SF-36 

performss moderately good [95;128;267]. The validity of utility measures for measuring 

healthh status in patients with asthma or COPD is questionable [128;266]. 

1.9.22 Measurement of physical performance in pulmonary rehabilitation 

Thee aspect of physical performance about which information is needed, determines the 



generalgeneral introduction 19 9 

typee of assessment of exercise limitation. The maximal exercise test, mostly performed on 

aa bicycle ergometer with a progressive increase of workload, gives detailed information on 

thee maximal workload and the type of impairment limiting the physical exercise ability 

[411 ;277;278]. Certainly when arterial blood gases are obtained, limitations can be analysed 

ass predominantly ventilatory, circulatory or metabolically based. Maximal exercise testing 

cann also be used for determining the optimal exercise training intensity [40;51;279]. 

However,, because most patients with airflow limitation seldom perform activities near their 

maximall capacity, assessment of submaximal or functional exercise tolerance will give a 

moree realistic picture of the ability of a patient to perform daily activities. This is mostly 

donee by some kind of walking test [280;281], because walking is a major life activity. The 

mostt widely used tests are a self-paced 6- or 12-minute walking test [282;283], which is 

basedd on the run test by Cooper [284], or a controlled-pacing incremental test (shuttle walk 

testt [285;286]). Compared to traditional laboratory tests such as cycle or treadmill 

ergometry,, walking tests require minimal technical expertise and equipment and are less 

demandingg for the patient. However, timed self-paced walking tests are dependent on 

effort,, motivation and strategy [280]. There is a large effect of encouragement [287] and a 

learningg effect [288;289]. Further disadvantages include the non-standardized use of the 

testt (despite the availability of a protocol [283]) and the dependance on a single measure 

forr outcome [280;283]. To overcome some of these problems, Singh et al. developed the 

shuttlee walking test [285;290]. This is an incremental, standardized field walking test that 

provokess a symptom limited maximal performance. Because endurance capacity is 

importantt for most activities of daily living, the endurance shuttle walk test has been 

developedd by the same group to complement the incremental test [286]. The endurance 

shuttlee walk is far more sensitive to change than the incremental shuttle test [286], which 

makess this test very useful for measuring outcome in pulmonary rehabilitation. Change in 

endurancee capacity can also be measured reliably with constant-load submaximal exercise 

testingg on a cycle ergometer [3;8;291], but only when a sufficient maximal duration (>20') 

andd intensity (60-70% of the maximal workload of a patient) are chosen. 

Thee problem of using a single outcome measure, while the limitation of physical 

performancee is multifactorial, is investigated in chapter 5 of this dissertation. This is done 

byy incorporating more factors than maximal distance in the outcome of the self-paced 6-

minutee walking test (oxygen desaturation, maximal heart rate, perceived breathlessness). 

1.9.33 Remaining methodologie problems 

Severall methodologie problems with outcome research in pulmonary rehabilitation remain. 

First,, the content and comprehensiveness of outcome measurement should represent the 

contentt and comprehensiveness of the treatment. Much outpatient and home-based 

pulmonaryy rehabilitation programs comprise mainly exercise training with some disease 
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education.. For these programmes, a disease-specific health status questionnaire, a measure 

off dyspnea and a walking test may be sufficient to capture the results of the treatment [4]. 

However,, the content of currently existing outcome measures does not represent the 

contentt of inpatient pulmonary rehabilitation adequately. Standardized questionnaires and 

functionn tests do not allow for differences in problems, for differences in treatment goals, 

orr for differences in importance of problems and treatment goals. Therefore standardized 

questionnairess and function tests can not correctly show the outcome of inpatient 

pulmonaryy rehabilitation with individualized or personalised treatment goals. Individual 

assessmentt of change is almost non-existing in pulmonary rehabilitation, except for the 

dyspneaa domain from the CRQ. Furthermore, multi-intervention treatments such as 

inpatientt pulmonary rehabilitation, require multi-outcome measurement [292]. 

Measurementt of outcome on the level of patient-specific treatment goals is necessary in 

individualisedd treatment. Chapter 7 of this dissertation describes an attempt at 

individualised,, treatment-goal related outcome measurement. 

Thee second problem is that observed change is difficult to interpret because the size of a 

minimall clinically important difference is still unknown in most questionnaires and function 

tests.. From all outcome measures used in pulmonary rehabilitation, only the CRQ [293-

295],, the AQLQ [296;297], theSGRQ [104;298] and theencouraged 6-minute walking test 

[299]] have an established threshold for clinically relevant change. Chapter 6 of this 

dissertationn describes the longitudinal measurement properties of the Quality of Life for 

Respiratoryy Illness Questionnaire [100], the health status measure used for measuring the 

outcomee of the inpatient pulmonary rehabilitation program of Asthmacenter Heideheuvel 

(seee chapters 2 and 3). A range of both anchor-based [293;296] and distribution-based 

methodss [300-302] are used in this study to compute the minimal important difference 

[303;304].. Chapter 6 also goes into detail on the validity of anchor-based computation of 

thee minimal important difference, which has been questioned by several authors [305-307]. 

AA separate methodological problem is that clinical studies are often hindered by attrition 

orr dropout of patients. A number of studies on IPR, including the study described in 

chapterss 2 and 3, suffer from dropout of 40 to 60% of all patients, which threatens both the 

internall validity of the study and the generelazibility of the study findings. Therefore, a 

methodd was developed to test the robustness of the findings, by combining imputation of 

missingg data with sensitivity analysis. This is presented in chapter 4. 

1.100 Descriptio n of th e inpatien t treatmen t programm e in Asthmacente r Heideheuve l 

Thee I PR-programme is performed by an interdisciplinary treatment team, consisting of a 

pulmonologist,, psychologist, respiratory nurse, physiotherapist, exercise therapist, dietician, 
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sociall worker, therapeutic recreation specialist and occupational therapist. The main goals 

off the I PR-programme are reducing the impairment of daily functioning and prevention of 

deteriorationn and exacerbations. Because patients with severe chronic asthma often 

experiencee similar problems as patients with COPD, such as deconditioning and 

inadequatee disease behaviour, the IPR programme is open to both types of patients. The 

standardizedd programme with individual adaptations consists of several clinical and 

psychosociall aspects [10;308]: 

 an extensive diagnostic period focussing on both somatic and psychosocial problems 

andd their interaction; 

 optimisation of the medication regimen and decreasing the amount of oral 

corticosteroids;; disease education (causes, pathophysiology, symptoms, treatment); 

 education on medication and correct use of medication (total education time varying 

fromm 1 hour/week for all patients to 2-3 hours/week for patients needing extensive 

helpp with use of their medication); 

 training of adequate disease behaviour and self-management skills; 

 exacerbation management, including an individualized 'what to do' list to prevent 

exacerbationss when lung function decreases or symptoms increase; 

 extensive group-based and individual psychosocial counselling (1 to 4 hours/week); 

 chest physiotherapy and breathing retraining; 

 and exercise training with varying intensity depending on the individual tolerance: 

exercisee training consists of diverse upper and lower extremity exercises, ranging 

fromm 3 times a week 30' interval training with low intensity ADL-related exercises for 

patientss with very severe COPD, up to 5 times a week (45' to 60' each session) 

intervall and endurance training with moderate to high intensity for patients with 

moderatee severe asthma or COPD. 

Thee duration of the I PR ranges from 3 to 6 months, depending on the specific problems and 

treatmentt goals of a patient. Because of the large variation in individual problems and the 

essentiall role of motivation in pulmonary rehabilitation [10], individualized treatment goals 

aree formulated by the multidisciplinary treatment team in consultation with the patient. 

Afterr the one-week multidisciplinary diagnostic phase, an extensive integrated description 

off the specific problems of the patient is made, individualized treatment goals, based on 

thiss problem description, are formulated by the treatment team in consultation with the 

patient.. These treatment goals are formulated in words familiar to the patient to ensure 

comprehensionn of contentand maximal motivation. Examples of individual treatment goals 

cann be found in chapter 7. 
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1.111 Researc h question s 

Thee main reason for the outcomes research described in this thesis is the lack of 

systematicallyy acquired knowledge about the outcome of inpatient pulmonary rehabilitation 

inn patients with asthma or COPD. Therefore an observational study was done to describe 

thee short- and long-term outcome of inpatient pulmonary rehabilitation, in patients with 

asthmaa or COPD referred to Asthmacenter Heideheuvel. In addition to this outcome study, 

severall studies were designed to address some of the methodological problems with 

assessingg outcome in inpatient pulmonary rehabilitation. The research questions addressed 

inn this thesis are as follows: 

II What are the short- and long-term outcomes of inpatient pulmonary rehabilitation 

inn patients with asthma or COPD referred to Asthmacentre Heideheuvel; 

AA What are the short- and long-term clinical and physiological outcomes of 

inpatientt pulmonary rehabilitation in patients with asthma or COPD (chapter 

2); ; 

BB What are the short- and long-term outcomes on health status and 

psychosociall functioning of inpatient pulmonary rehabilitation in patients with 

asthmaa or COPD (chapter 3); 

CC How robust are the outcomes of inpatient pulmonary rehabilitation when 

missingg data are imputed using sensitivity analysis? (chapter 4); 

III Does the use of multiple factors add to walking distance in describing performance 

inn the six minute walking test, a measure for functional exercise tolerance (chapter 

5); ; 

IIII What are the longitudinal measurement properties of the Quality of Life for 

Respiratoryy Illness Questionnaire (QoLRIQ), a health status questionnaire for patients 

withh asthma or chronic obstructive pulmonary disease (chapter 6): 

AA Is the QoLRIQ sensitive to change and longitudinally valid; 

BB What is the size of a minimal important difference; 

CC What is the validity of retrospective computing of minimal important 

differences; ; 

IVV What is the outcome of inpatient pulmonary rehabilitation as measured by the 

subjectivee assessment by patients of attaining individualised treatment goals; and 

whatt are the sensitivity to change, reliability and longitudinal validity of that 

subjectivee assessment method {chapter 7). 
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2.11 Abstrac t 

Pulmonaryy rehabilitation is an effective treatment for patients with stable chronic 

obstructivee pulmonary disease (COPD). However, most programs exclude patients with 

unstablee disease, with comorbidity and patients with asthma. 

Wee studied the short- and long-term clinical and physiological outcome of 3- to 6 

monthh inpatient pulmonary rehabilitation (IPR) in patients with unstable, moderate to 

severee asthma or COPD. 56 patients with asthma and 84 patients with COPD were 

includedd in a prospective, observational study with follow-up at 6 and 12 months post-

IPR.. 111 patients were admitted to hospital in the year pre-IPR (total 5856 days). 80% of 

thee patients had at least one comorbid condition. Exacerbation rate during IPR was 7 

(asthma)) to 10 per year (COPD). Use of oral corticosteroids decreased (p<0.001). 

Walkingg distance did not improve, but composite analysis showed that 62% (asthma) 

andd 36% (COPD) of the patients improved in at least 2 factors relevant to functional 

exercisee tolerance. Hospital days in the year after IPR decreased 4- (asthma: p=0.008) 

too 6-fold (COPD: p<0.0001). There was a high, but non-selective dropout. 

Inpatientt pulmonary rehabilitation in patients with unstable asthma of COPD results in 

decreasess in hospitalization and use of oral corticosteroids. 

2.22 Introductio n 

Pulmonaryy rehabilitation is regarded as a well-established and effective treatment for 

patientss with chronic obstructive pulmonary disease (COPD). It is known to improve 

healthh status and functional exercise tolerance [1;2]. Most pulmonary rehabilitation 

programss are outpatient programs designed for patients with stable COPD without 

comorbidityy [3;4]. Donner suggested that patients with unstable disease should 

participatee in an inpatient pulmonary rehabilitation (IPR) programme [3;4]. 

Inn contrast to the large body of literature on outpatient pulmonary rehabilitation, there 

aree only a few studies describing comprehensive results of IPR [5-13]. All these studies 

deall with patients with relatively stable COPD. There are no reports about the results of 

IPRR in patients with unstable disease. Only two studies on IPR included also some 

patientss with asthma, but these studies did not differentiate between asthma and COPD 

[14;; 15]. The patients referred to our hospital are often severely impaired and clinically 

unstable,, as characterized by exacerbations, recent hospital admissions and somatic 

and/orr psychosocial comorbidity. Therefore we conducted a prospective observational 

studyy on the short- and long-term results of multidisciplinary inpatient pulmonary 

rehabilitationn in patients with asthma or COPD. Because of the comprehensive nature of 
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thee IPR programme, we assessed outcome on lung function, medication usage, 

hospitalization,, functional exercise tolerance, health status, psychosocial functioning and 

disease-specificc coping. Part 1 of this paper describes the clinical and physiological 

aspects;; part 2 describes health-related quality of life and psychosocial functioning. This 

partt contains baseline characteristics; adverse events during IPR; short-term outcome of 

IPRR (i.e. pre/post-treatment change) and long-term outcome of IPR with follow-up 

measurementss at 6 and 12 months post-lPR. 

Theree were several reasons why this study has not been set up as a randomized 

controlledd trial. First of all, in the Netherlands IPR is an accepted treatment for patients 

withh severe asthma or COPD, and outpatient pulmonary rehabilitation already has 

provenn to improve health-related quality of life and functional exercise tolerance [1;2]. 

Randomizingg patients to conventional care would imply withholding them an accepted 

treatment.. Secondly, the long duration of the program (3 to 6 months) and follow-up (12 

months)) would cause an unacceptable delay in providing treatment to often severely 

impairedd patients. The need for immediate treatment has been used as an argument 

againstt randomization in IPR studies [16;17]. 

2.33 Patient s and method s 

Wee conducted a prospective, observational pre/post-treatment study with follow-up 

assessmentss at 6 and 12 months after discharge. All 140 patients with a clinical diagnosis 

off asthma or COPD referred for IPR from January 1996 to December 1997 were 

included.. 4 additional patients who were unable to complete questionnaires in the 

Dutchh language were excluded. Diagnosis was done according to ERS-criteria[18]. All 

patientss gave written informed consent. The study protocol was approved by the 

institutionall medical ethics committee. 

Alll baseline measurements were done during the 2-week diagnostic period preceding 

thee 3- to 6 month IPR program. Post-treatment measurements were done in the week 

priorr to discharge. Patients were invited by phone and by mail for the follow-up 

assessmentss at 6 and 12 months after discharge. If a patient was unable to attend the 

follow-upp assessment (due to illness, work or transportation problem), the questionnaires 

weree sent by mail with a pre-stamped and -addressed envelope. Patients who missed 

thee 6-month follow-up assessment were contacted again at 12 months. 
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2.3.11 Description of inpatient treatment programme 

Thee IPR-programme was performed by a multi-disciplinary treatment team, consisting of 

aa pulmonologist, psychologist, respiratory nurse, physiotherapist, exercise therapist, 

dietician,, social worker, therapeutic recreation specialist and occupational therapist. The 

mainn goals of the IPR-programme are reducing the impairment of daily functioning and 

preventionn of deterioration and exacerbations. Because patients with severe chronic 

asthmaa often experience similar problems as patients with COPD (deconditioning, 

inadequatee disease behavior, etc), the IPR programme is open to both types of patients. 

Thee standardized programme with individual adaptations consists of several clinical and 

psychosociall aspects [3;19]: optimisation of the medication regimen; disease education 

(causes,, pathophysiology, symptoms, treatment); education on medication and correct 

usee of medication (total education time varying from 1 hour/week for all patients to 2-3 

hours/weekk for patients needing extensive help with use of their medication); training of 

adequatee disease behavior and self-management skills, including an individualized 'what 

too do' list to prevent exacerbations when lung function decreases or symptoms increase; 

extensivee psychosocial counseling (1 to 4 hours/week); chest physiotherapy; and 

exercisee training with varying intensity depending on the individual tolerance. Exercise 

trainingg consisted of diverse upper and lower extremity exercises, ranging from 3 times a 

weekk 30' interval training with low intensity ADL-related exercises for patients with very 

severee COPD, up to 5 times a week (45' to 60' each session) interval and endurance 

trainingg with moderate to high intensity for patients with moderate severe asthma or 

COPD. . 

Afterr the diagnostic period, patient-specific treatment goals are formulated by the 

treatmentt team in consultation with the patient. 

2.3.22 Outcome measures: physiological and clinical aspects 

Lungg function measurements were performed by trained lung function assistants, using a 

bodyplethysmographh and pneumotachometer system (Masterlab, Jaeger, Wurzburg, 

Germany).. Self-reported dyspnea was assessed with the MRC/ECCS dyspnea item (range 

11 - 5) [20]. Lung function measurements at baseline included forced expiratory volume 

inn one second (FEV.,), FEN^ as percentage of the predicted value (FEV1%pred), forced 

vitall capacity (FVC), FVC as percentage of the predicted value (FVC%pred), total lung 

capacityy (TLC) and residual volume (RV) [21]. At discharge and follow-up, only FEV1 and 

FVCC were measured. 

Functionall exercise tolerance was measured with six-minute walking tests (6MWT), 

whichh were performed in a quiet corridor of 40m. The walking test protocol was slightly 

modifiedd from Steele [22]: no encouragement was given [23] as not to interfere with 
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self-pacing.. We set the threshold for clinically relevant change at 30m [24]. Because self-

pacingg may cause some patients to walk less post-treatment, we recorded also other 

importantt aspects of functional exercise tolerance [25]: oxygen saturation, heart rate, 

perceivedd dyspnea and perceived effort (Borg scale [26]), which were used for 

compositee analysis {simultaneous qualitative analysis of multiple, related factors; see 

below).. Transcutaneous oxygen saturation (St02) and heart rate were measured with a 

portablee pulse oximeter (N20-PA, Nellcor Puritan Bennett, Pleasanton, USA). Perceived 

dyspneaa and perceived effort were rated with the modified Borg scale (range 0 — 10) 

[26]. . 

Thee medical chart was used for information on hospitalization rate and number of 

hospitall days in the year pre-IPR, lung medication, comorbid conditions existing at 

admissionn and adverse events happening during IPR. Hospitalization rate and number of 

hospitall days in the year pre-IPR were checked with the patients' self-report. Post-IPR 

hospitalizationss were taken from the patients' self-report. Medication use was recorded 

att admission and discharge from the I PR-programme and taken from the lists provided 

byy the hospital pharmacy. Usage was recorded for oral corticosteroids in milligram/day, 

inhaledd corticosteroids in microgram/day, number of different long-acting 

bronchodilatorss (including theophylline), number of different short-acting 

bronchodilators,, number of psychotropic drugs and oxygen. Comorbid conditions 

existingg at admission were recorded from the medical chart, using the diagnosis from the 

pulmonologistt and medical correspondence. Information about adverse events 

happeningg during IPR was also recorded from the medical chart. We defined the 

followingg categories of adverse events: death; exacerbations requiring oral 

corticosteroids,, antibiotics or both; new comorbidity; admission to the intensive 

treatmentt facility of the asthmacentre for severe exacerbations; discharge to another 

hospitall due to severe comorbidity. 

Att discharge patients were asked to rate self-perceived change on a 5-point scale in 

diseasee symptoms, exercise tolerance, disease knowledge, medication knowledge, 

knowledgee of correct use of medication. The 5-point scale included "much improved -

improvedd - the same - worse - much worse". 

2.3.33 Statistical Analysis 
Thee sample size calculation was based on a pilot study with the health status 

questionnairee and is described in Part 2 (see chapter 3). All statistical analyses were 

performedd with Statistica for Windows 5.1 (StatSoft, Tulsa, OK). 
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2.3.3.11 Analysis of non-response 

Wee expected selective dropout of the most seriously ill patients, both during the IPR-

programmee and during the follow-up period [9]. Differences in drop out rate between 

patientss with asthma or COPD and between levels of severity were tested using #2. 

Differencess at baseline in FEV1r walking distance, medication use and number of pre-IPR 

hospitalizationss between I PR-completers, treatment dropouts and study dropouts were 

testedd with ANOVA or the non-parametric Friedman ANOVA. In case of significance, a 

post-hocc test (Tukey HSD for unequal sample size) was performed. Treatment dropouts 

includedd patients who preliminarily terminated the IPR and patients transferred to 

anotherr hospital due to comorbidity. Patients who completed the IPR but refused 

furtherr cooperation in the outcome study or did not complete the questionnaires 

despitee reminders were labelled as study dropouts. If the dropout was selective indeed, 

thee treatment dropouts should have worse scores than I PR-completers. Study dropouts 

weree not expected to differ from IPR-completers. 

Wee also checked for differences between follow-up completers and dropouts by 

comparingg baseline scores and pre-post IPR change scores. Drop-out during follow-up 

wass divided into illness-related (death or unable to cooperate due to primary of 

secondaryy comorbidity) and other reasons (unwilling to corporate any further; no 

reactionn despite reminders; organisational problem). Patients with any missing follow-up 

assessmentt were labelled as dropouts for this analysis. Selective dropout would imply 

worsee scores for illness-related dropouts on both baseline and change scores. 

2.3.3.22 Baseline and change analysis 

Descriptivee statistics using mean and standard deviation or median and interquartile 

rangee (iqr) were computed. Normality of scores and change scores was assessed with the 

Shapiro-Wilkk W test [27]. Differences between patients with asthma and patients with 

COPDD at baseline and in pre/post-IPR change scores were assessed with %2 (gender, 

severity),, the Mann-Whitney U-test or the unpaired t-test. Long term change in 

functionall exercise tolerance was evaluated for each diagnosis apart with repeated-

measuress ANOVA [28]. 

Thee analysis of change in number and duration of hospital admissions was done in two 

steps.steps. First, the hospital admissions in the 6-months pre-IPR and 6-months post-IPR were 

comparedd in the patients who completed the 6-month follow-up. Second, in patients 

withh complete follow-up, hospital admissions in the year preceding IPR and the year 

post-IPRR were compared with the Wilcoxon matched pairs test. 
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2.3.3.33 Interpretation of change 

Statisticall significance of pre/post-IPR change was assessed with the Wilcoxon matched 

pairss test or the paired t-test. Statistical significance was accepted at a=0.05. The 

minimall important difference (MID) of the 6MWT is 54 m in patients with stable COPD 

[29].. Because we performed an unencouraged 6MWT and there is a large difference 

00 m) between encouraged and unencouraged 6MWTs [23], we set the threshold for 

clinicallyy relevant change at 30 m for this group of patients [7;24;30]. 

Wee define composite analysis as a simultaneous qualitative analysis of multiple, related 

factors.. For composite analysis of factors related to functional exercise tolerance in the 

6MWTT [25] we used the following thresholds for clinically relevant change: 

 change in desaturation: >2%: improvement; <-2%: deterioration; else unchanged 

(nott measured in patients with asthma) 

 change in perceived dyspnea (Borg-score): >2 points: improvement; <-2 points: 

deterioration;; else unchanged 

 change in heart rate increase: <-15 beats/min: improvement; >15 beats/min: 

deterioration;; else unchanged 

 change in 6-minute walking distance: >30m: improvement; <-30m: 

deterioration;; else unchanged. 

Patientss were marked as: 

 improved with 2 or more factors improved above the thresholds or when walking 

distancee was the only factor that improved above the threshold; 

 deteriorated with 2 or more factors deteriorated above the thresholds or when 

walkingg distance was the only factor deteriorated above the threshold; 

 unchanged with 3 or more factors unchanged; 

 unclear with all other combinations (i.e. less desaturation and less distance; higher 

distancee and higher heart rate increase). 

2.44 Result s 

2.4.11 Baseline description 

Generall characteristics of 56 patients with asthma and 84 patients with COPD are 

shownn in table 2 .1 , anthropomorphic and lung function parameters in table 2.2. As 

expected,, did patients with COPD have highly significant lower values on all lung 

functionn parameters (all p<0.0001) than patients with asthma. Reversibility of airways 

obstructionn in patients with asthma was small: 6.0%, but significantly higher as in 

patientss with COPD. 
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1111 of 140 patients were admitted to hospital for an exacerbation in the year pre-IPR 

(seee table 2.1 for details for each group). Admitted patients had an average of 2.5 (sd 

1.4)) admissions and a mean of 52.8 (sd 42.6) hospital days in the year pre-IPR. We 

countedd a total of 5848 hospital days, of which 3770 days (64%) in the 6 months pre-

IPR.. There were significantly more patients with COPD than patients with asthma 

admittedd to hospital, but there were no differences in the number of admissions or days 

inn hospital per patient. 

Tabl ee 2.1: genera l characteristic s 

totall patients 

diagnosiss mild/moderate/severe 

genderr (male / female) 

agee (years) 

diseasee duration (years) 

FEV,, (L) 

FEV,, %predicted 

MRCC dyspnea (N with maximal score) 

ex-smokers s 

pack-years s 

patientss with hospital admission(s) 
inn year pre-IPR 

Asthm a a 

56 6 

4 / 2 5 / 2 7 7 

13/43 3 

466 (iqr 26) 

155 (iqr 33) 

2.333 (sd 0.93) 

77.11 (sd 23.4) 

433 (76.7%) 

266 (46.4%) 

21.55 (sd 11.4) 

37(66.1%) ) 

COPD D 

84 4 

55 / 15 / 64 

4 4 / 4 0 0 

622 (iqr 15.5) 

100 (iqr 12) 

1.044 (sd 0.50) 

36.66 (sd 13.6) 

700 (83.3%) 

655 (77.4%) 

44.00 (sd 31.9) 

74(88.1%) ) 

p-valu e e 

0.002 2 

0.001 1 

<0.0001 1 

0.1 1 

<< 0.0001 

<< 0.0001 

ns s 

<0.0001 1 

0.0008 8 

0.002 0.002 

admissionss per patient # 2.6 (sd 1.4) 2.5 (sd 1.4) ns 

dayss in hospital per patient # 52.3 (sd 49.0) 53.0 (sd 39.4) ns 

totall hospital days 1917 3931 0.007 

Dataa are presented as N (percentage) or as median (interquartile range) or as mean (standard 
deviation).. ns=not significant. # in patients with admissions 

80%% of all patients had at least one comorbid condition, most frequently cardiovascular 

diseasess (n=42), mobility disorders (39), overweight (19), psychological disorders (25), 

allergyy (29), metabolic diseases (n = 14, including 5 patients with diabetes mellitus). 

Patientss with asthma did have significantly more allergic diseases (p=0.012) and 

overweightt (p=0.003), while the patients with COPD had more cardiovascular diseases 

(p=0.008).. Furthermore, 96 patients had osteoporosis (55% of the patients with asthma 

andd 77% of the patients with COPD; p=0.006). 
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Tabl ee 2.2: bod y composition , lun g functio n and functiona l exercis e toleranc e at 

baselin e e 

weightt (kg) 

bodyy mass index 

fat-freee mass (kg) 

FEV!! (sd), L 

FEV̂ ^ %predicted (sd) 

FEV̂ ^ reversibility, %predicted 

FVCC (sd), L 

FVCC %predicted (sd) 

TLCC (sd), L 

TLCC %predicted (sd) 

RVV (sd), L 

RV%predictedd (sd) 

6-minutee walking distance, m 

pre-testt 02-saturation, % 

minimall 02-saturation, % 

post-testt 02-saturation, % 

pre-testt dyspnea, borg-score 

post-testt dyspnea, borg-score 

perceivedd exertion, borg-score 

heartt rate increase, beats/min 

Meanss (sd). 6MWD: N asthma = 53; 
disorderss and patients who were too 

Asthm a a 

78.3(21.0) ) 

27.9(7.1) ) 

51.2(9.9) ) 

2.32(0.92) ) 

77.11 (23.4) 

6.0(7.4) ) 

3.08(0.99) ) 

78.11 (18.6) 

5.66(1.35) ) 

102.8(15.5) ) 

2.255 (0.84) 

125.0(35.3) ) 

490.0(167.4) ) 

97.0(1.6) ) 

--

96.4(2.2) ) 

1.6(1.5) ) 

3.55 (1.6) 

3.7(1.8) ) 

35.7(25.4) ) 

COPD D 

71.0(16.1) ) 

24.9(5.2) ) 

47.8(10.1) ) 

1.044 (0.50) 

36.6(13.6) ) 

2.6(3.7) ) 

2.49(0.91) ) 

71.33 (18.7) 

6.755 (1.57) 

115.44 (20.9) 

3.977 (1.25) 

185.44 (50.5) 

327.7(165.2) ) 

95.0(2.0) ) 

90.7(3.5) ) 

92.6(3.3) ) 

2.33 (1.4) 

3.9(1.6) ) 

3.7(1.5) ) 

18.8(17.0) ) 

p-valu e e 

0.3 3 

0.09 9 

0.02 2 

<0.00001 1 

<< 0.00001 

<0.00001 1 

0.0004 4 

<0.00001 1 

0.0003 3 

0.0005 5 

<0.00001 1 

<0.00001 1 

<0.00001 1 

0.006 6 

--

<0.00001 1 

0.049 9 

0.2 2 

0.9 9 

0.0002 2 

NN COPD= 72. Missings caused by patients with mobility 
illl to perform a walking test 

Short-- and long-acting bronchodilators were used by almost every patient (see table 2.3). 

Orall corticosteroids were used by 62.5% of the patients with asthma (range: 1 to 50 

mg/day)) and by 70.2% of the patients with COPD (range: 1.5 to 40 mg/day). Inhaled 

corticosteroidss were used by 94.6% of the patients with asthma and by 70.2% of the 

patientss with COPD. One-third of all patients used psychotropic drugs and one quarter 

off the patients with COPD used supplemental oxygen. 
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62.5 5 

94.6 6 

92.9 9 

100 100 

33.9 9 

0 0 

5(10) ) 

800(1100) ) 

11 (D 

2(1) ) 

0(1) ) 

70.2 2 

70.2 2 

89.3 3 

96.4 4 

32.1 1 

25 5 

Comparisonn of the baseline 6-minute walking test showed that patients with COPD had 

significantlyy lower values than those with asthma on walking distance (p<0.00001), pre-

testt and post-test 02-saturation (p=0.006 and 0.00001), heart rate increase 

(p=0.00002)) and pre-test dyspnea {p=0.049) (see table 2.2). 

Tabl ee 2.3: pre-IPR medicatio n use 

Asthm aa COPD 

mediann (iqr) * % patients using median (iqr) * % patients using 

orall corticosteroids (mg) 5 (10) 

inhaledd corticosteroids (|ug) 1000 (800) 

long-actingg bronchodilators (N)# 1 (1) 

short-actingg bronchodilators (N)# 1 (1) 

psychotropicc drugs (N) 0 (1) 

supplementall oxygen 

** median computed over all patients; # number of different bronchodilators used 

2.4.22 Non-response analysis 

Theree were 20 treatment dropouts and 13 study dropouts in the inpatient phase of the 

study,, resulting in 107 patients with complete pre- and post-treatment assessments (see 

tablee 2.4). 29 patients dropped out at the 6-month follow-up (including 3 deaths), of 

whomm 9 completed the 12-mo assessment. Another 28 patients missed the 12-mo 

follow-up.. This results in 78 patients with complete data at 6 months post-IPR and 50 

patientss at 12 months post-IPR. There were no significant differences in dropout rates 

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

Theree were no clinical or physiological differences between IPR-completers, treatment 

dropoutss and study dropouts. The main reasons for study-dropout were refusal to 

cooperate;; no contact with patient despite several attempts; organizational problem. 

Thee main reasons for treatment/illness related dropout were discharge to another 

hospitall because of (new) comorbidity; preliminary termination of IPR; death; too ill to 

participatee or in hospital. 

Theree were a few significant differences between study-completers, illness-related 

follow-upp dropouts and dropouts during follow-up for other reasons. In patients with 

asthma,, illness-related dropouts had more combined steroid/antibiotic courses than 

completerss (p=0.06) and other-reason dropouts (p=0.04); other-reason dropouts 

improvedd more on self-confidence (p=0.01) and they reduced more on psychotropic 
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drugss (p=0.01) than completers. In patients with COPD, other-reason dropouts showed 

largerr baseline use (p=0.02) and reduction (p = 0.002) of short-acting bronchodilators 

thann study-completers; illness-related dropouts had a higher fat-mass at baseline than 

bothh study-completers (p=0.02) and other-reason dropouts (p = 0.03). 

Tabl ee 2.4: dropou t durin g IPR and follow-u p 

IPR(nn = 140) follow-u p (n = 107) 

(PRR treatment study study dropouts: # dropouts: # 
completerss dropouts dropouts completers illness related other reasons 

Asthma:: 19 8 2 10 0 9 

mi ld /moderate e 

Asthma:: severe 20 3 4 8 3 9 

C O P D :: mi ld/moderate 16 2 2 6 2 t 8 

C O P D :: severe 52 7+ 5++ 26 10++ 16 

totall 107 20 13 50 15 42 

## patients w i th a missing assessment at 6 or 12 or both are labelled as dropouts 

++ including 1 death post-IPR; ++ including 2 deaths post-IPR 

2.4.33 Ac/verse events during IPR 

Adversee events during IPR were common, mostly exacerbations treated with courses of 

orall steroids (in 94 patients, range 1 to 11 courses per patient), antibiotics (n = 65, range 

11 to 4 courses) or combined courses (in 78 patients, range 1 to 9 courses). Significantly 

moree patients with COPD than patients with asthma were treated with oral steroid 

coursess (p=0.01). The median number of courses per month was 0.6 (iqr 0.6) for 

patientss with asthma and 0.8 (iqr 0.8) for patients with COPD. This would give an 

exacerbationn rate of about 7 per year in asthma and 10 per year in COPD. Patients with 

severee exacerbations were admitted to the intensive treatment facility of the 

asthmacentre.. There were 80 admissions (857 days) for a total of 21 patients with 

asthmaa and 34 patients with COPD. Comorbidity caused another 11 admissions (123 

days,, from 9 patients). Other adverse events included discharge to another hospital due 

too severe comorbidity (n = 4); new mobility problems (n=4); other new somatic 

problemss (n = 10). 

Mediann length of stay was 160 (interquartile range 108) days in patients with asthma 

andd 128 (iqr 77) days in patients with COPD. 
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2.4.44 Pre-post IPR change 

Thee use of oral corticosteroids decreased significantly in both groups of patients (see 

figuree 2.1). This decrease was accompanied by median increases in the use of inhaled 

steroidss of 200 ug (asthma, p = 0.1) and 300 ug (COPD, p=0.002). The number of 

differentt short- and long-acting bronchodilators and psychotropic drugs did not change. 
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Figuree 2.1 Median pre-posttreatment change in daily dose of oral corticosteroids (in 
mg).. Box plot layout: median (square dot); 25-75% (box); min-max (whiskers); outliers 
(points). . 

Theree were no significant changes in lung function variables, except for FVC%predicted 

inn patients with asthma (p = 0.009). Walking distance improved non-significantly in 

patientss with asthma, but not in patients with COPD (see table 2.5). Borg-scores 

exertionn did not improve significantly; dyspnea improved only in patients with asthma 

(p=0.006).. Minimal 02-saturation during the walking test improved in patients with 

COPDD (p=0.0006). Composite analysis of walking distance, desaturation, dyspnea and 

heartt rate increase showed that 36% of the patients with COPD improved relevantly in 

22 or more factors and that 28% deteriorated in 2 or more factors (see table 2.6). 62% of 

thee patients with asthma were improved in 2 or more factors, while 22% showed 

deterioration. . 

Bothh groups of patients reported large subjective improvement on the questions 

pertainingg to self-perceived change. Knowledge about lung disease, medication and 

correctt use of medication improved in 70% to 85% of the patients. Both groups 
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reportedd improved exercise tolerance (80% in asthma, 77% in COPD) and less disease 

symptomss {72% and 63%). 

Tabl ee 2.5: Pre-post-treatmen t chang e in 6MWT 

walking g 
distancee (m) 

minimall 0 2 -
satuu ration 

perceived d 
breathh lessness 

perceived d 
exertion n 

heartt rate 
increase e 

before e 

4733 (185) 

--

3.8(1.3) ) 

3.8(1.6) ) 

35.0(25.7) ) 

Asthm aa (n=37) 

after r 

500(225) ) 

--

2.99 (1.8) 

3.33 (1.5) 

37.9(25.6) ) 

pp value 
change e 

0.1 1 

--

0.006 6 

0.1 1 

0.3 3 

before e 

328(166) ) 

90.6(3.2) ) 

3.8(1.5) ) 

3.77 (1.5) 

19.7(18.1) ) 

COPDD (n = 58) 

after r 

334(195) ) 

91.9(2.7) ) 

3.6(1.7) ) 

3.55 (1.8) 

17.11 (18.2) 

pp value 
change e 

0.6 6 

0.0006 6 

0.5 5 

0.4 4 

0.2 2 

Valuess are presented as means (SD). Smaller N caused by patients with mobility problems or being 
tooo ill to perform exercise testing. 

Tabl ee 2.6: composit e analysi s of pre/posttreatmen t chang e in factor s relate d to 

functiona ll  exercis e toleranc e 

%% improve d % unchange d % deteriorate d % unclea r 

asthmaa (n = 37) 

COPD(nn = 58) 

62.2 2 

36.2 2 

10.8 8 

25.9 9 

21.6 6 

27.6 6 

5.4 4 

10.3 3 

2.4.55 One-year follow-up 

Thee number of hospital admissions, as well as the number of patients with admissions 

andd the number of days in hospital all showed three- to tenfold decreases which were 

significantt in both groups (see table 2.7 and figure 2.2). Repeated-measures anova's for 

walkingg distance and FEV^ showed no significant changes. There was selective dropout 

inn the follow-up scores for walking distance and lung function: some patients were 

unablee (ill, traveling too exhausting, in hospital) to come to the asthmacentre to perform 

aa walking test and lung function testing. Because these patients filled in the 

questionnairess at home, they are not missing from the results reported in part 2 (see 

chapterr 3). 
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Tablee 2.7: Change in hospital admissions 

Asthma ,, 6-mo period , n = 29 

pre-IPRR post-IPR p change 

COPD,, 6-mo period , n=49 

pre-IPRR post-IPR p change 

patientss with hospital 
admission(s) ) 

totall admissions 

totall hospital days 

12 2 

15 5 

495 5 

4 4 

4 4 

51 1 

0.02 2 

0.07 7 

0.02 2 

35 5 

65 5 

1495 5 

7 7 

10 0 

312 2 

<0.0001 1 

<0.0001 1 

<0.0001 1 

Asthma ,, 12-mo period , n = 18 

pre-IPRR post-IPR p change 

COPD,, 12-mo period , n = 32 

pre-IPRR post-IPR p change 

patientss with hospital 
admission(s) ) 

totall admissions 

totall hospital days 

9 9 

19 9 

326 6 

3 3 

3 3 

82 2 

0.04 4 

0.007 7 

0.008 8 

27 7 

76 6 

1363 3 

8 8 

13 3 

236 6 

<0.0001 1 

<0.0001 1 

<0.0001 1 

1800 0 

600 0 

300 0 

66 months pre-IPR 

66 months post-IPR 

p=0.02 2 
II 1 

asthm aa (n=29) 

p=0.00003 3 
II 1 

COPDD (n=49) 

Figur ee 2.2: Total hospital days in 6 months before and after IPR 
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2.55 Discussio n 

Thiss study describes a group of severely impaired and unstable patients with asthma or 

COPD.. The severity of illness and instability is reflected by the very high amount of days 

inn hospital in the year pre-IPR, the large amount of comorbidity and the high number of 

exacerbations.. These were also the main reasons for referral to our I PR-program. 

Duringg the programme, the use of oral corticosteroids decreased significantly in both 

groupss of patients, while the use of inhaled corticosteroids increased. Although there 

weree much changes in type and dosage of the other medications, a further indication of 

thee optimization of the medication regimen, the number of bronchodilators and 

psychotropicc drugs did not change significantly. Although walking distance did not 

changee significantly, most patients reported subjectively improved exercise tolerance. 

Thee number of hospital admissions decreased drastically. 

Thee reversibility of airway obstruction in patients with asthma was smaller than might be 

expected,, being a major criterium for a diagnosis of asthma. Most probably this low 

reversibilityy is caused by the regular use of oral or inhaled steroids, which could not be 

withdrawnn before lung function testing. In a large multicentre study, reversibility virtually 

disappearedd after starting the regular use of inhaled steroids in patients with asthma [31]. 

Apparently,, there is a large chronic component in this group, which is illustrated by the 

longg disease duration and the on average moderately lowered FEVr Despite the small 

reversibility,, the asthma group is clearly different from the COPD-group: they fulfilled 

thee clinical criteria and showed highly significant differences on all lung function and 

exercisee tolerance parameters. Whether the improvement in FVC in patients with 

asthmaa was caused by reduced hyperinflation could not be tested because lung capacity 

parameterss were not measured post-treatment. 

Thee severity of illness and instability in these groups of patients is illustrated by three 

indicators:: pre-IPR hospitalization rate, comorbidity and adverse events. The pre-IPR 

hospitalizationn rate in this study is 2 to 4 times higher then the rates reported in other 

IPR-studies,, including studies in the Netherlands (9-20 days) [6;10;13], The decrease in 

hospitalizationn in these IPR-programs varied from 0 to 12 days, which is much smaller 

thenn the six-fold decrease found in our study. This very large decrease could be partly 

explainedd by 'regression to the mean'. Patients are referred to I PR at a peak of disease 

activity,, which is illustrated by the finding that two-thirds of the hospitalizations occurred 

inn the half year immediately preceding the I PR-programme. Some patients will improve 

withoutt intervention, needing less hospital admissions. However, because COPD is a 
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progressivee disease, with continuous deterioration of FEV, and health status [32], it is to 

bee expected that most patients will deteriorate even further without intervention. 

Mostt patients had one or more comorbid conditions, often complicating treatment of 

thee lung disease and thereby necessitating inpatient multidisciplinary treatment. Patients 

withh comorbidity seem to be excluded from both in- and outpatient pulmonary 

rehabilitationn programs (at least those reported in the literature). Inclusion of patients 

withh comorbidity was only reported by Buchi et al. [12] and Stewart et a/. [13], both 

havingg about 40% patients with comorbidity. The high occurrence of osteoporosis is 

mostt likely caused by the extensive use of corticosteroids. 

Thee number of exacerbations during IPR was very high (about 7 per year in asthma and 

100 per year in COPD), highlighting the disease severity in these patients. Although in an 

inpatientt setting more exacerbations may be reported than in other settings, there 

remainss a large difference with the exacerbation rates found in large studies with 

outpatientss with COPD: 2 (ISOLDE trial [33]) to 4.9 (BRONCUS trial [34]) exacerbations 

inn two years. Seemungal et al. reported a median of 3 (range 1 to 8) exacerbations per 

yearr in a group of patients with COPD [35], although 49% of the exacerbations were not 

reportedd and probably not treated. 

Wee found no mean improvement in walking distance, with a wide range of change. This 

iss in contradiction to almost all studies on pulmonary rehabilitation. Wedzicha and 

coworkerss found a similar lack of improvement in walking distance in severely 

dyspnoeicc patients (highest MRC-score) [36], who also constituted the major part of our 

studyy group. The lack of change may be caused by an insufficient intensity of the 

exercisee training (which has been increased recently in recognition of recent findings 

[37;38]).. Another explanation for the lack of change is the attention for self-pacing, 

whichh often makes patients walk slower, but in a steady pace, preventing exhaustion, 

dyspneaa and desaturation. This is confirmed by the improvement in minimal 02 -

saturationn during the walking test in patients with COPD. Dyspnea improved only in 

patientss with asthma, while perceived exertion did not change. This lack of change in 

perceivedd symptoms may in part be explained by response shift: a change in the 

meaningg of one's self-evaluation, resulting from changes in internal standards or 

conceptualizationn [39] caused by the treatment itself. 

Compositee analysis, which is a simultaneous qualitative outcome analysis of several 

relatedd factors [25], of functional exercise tolerance gave a different picture: 62% of the 

patientss with asthma and 36% of the patients with COPD improved relevantly in 2 or 

moree factors. This result agrees better with the subjectively reported improvement of 

exercisee tolerance and with the wide range of change in several factors. Still, a 
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considerablee number of patients deteriorated in 2 or more factors, which is an 

illustrationn of the disease severity in these patients. 

Wee have the impression that the 6MWT may not be the most appropriate test when 

assessingg the effect of self-pacing and endurance training. Regrettably, we did not assess 

thee regularity of walking, which should improve due to self-pacing. Several patients 

reportedd on the post-treatment test that they could have walked much further than the 6 

minutess of the test. This indicates that a test of endurance would probably have been a 

betterr choice, although in the large number of patients with cardiovascular comorbidity 

speciall care is needed in case of strenuous exercise. 

Theree was a substantial dropout, both in the I PR-phase and in the follow-up phase of 

thee study. About twenty percent of the patients dropped out at each subsequent 

assessment,, totalling up to 64% dropout. This is comparable to the dropout rates of 50% 

andd 60% in studies on IPR by Stewart et al. [13] and Van den Broek [40], but higher 

thann in other studies on IPR (range 15 to 40%). Follow-up assessments were hindered by 

thee nation-wide function of our asthmacentre, making it impossible for far away living 

patientss to attend for walking and lung function tests. However, most of these patients 

didd complete questionnaires. We found no convincing evidence for selective dropout, 

ass was found in the study of Ketelaars and coworkers on IPR in patients with COPD [9]. 

Inn that study, reasons for non-response were mainly death and being too ill, with non-

respondentss having significantly worse quality of life scores post-IPR. Büchi et al. found 

thatt dropouts had a significantly worse health status (as mesasured with the SF-36) than 

studyy completers, but found no difference in clinical, psychological or demographic 

variabless [12]. Several studies found no differences between completers and dropouts 

[11;15;41],, although in the study by Bijl et al. [15] half of the dropout was illness-

related,, as in our study. Other IPR-studies did not test [13;16] or report dropout [42]. 

Youngg et al. studied non-adherence in outpatient pulmonary rehabilitation, and found 

noo difference in physiological measures, morbidity or health status between adhering 

andd nonadhering patients [43]. Nonadherent patients were more likely to be current 

smokers,, divorced, living alone, living in rented accommodation and experienced less 

disease-relatedd social support than adherent patients. 

Inn our study, there were a few significant but clinically unimportant differences between 

completerss and dropouts. The only difference in the expected direction was the higher 

numberr of combined steroid/antibiotic courses in illness-related follow-up dropouts 

(asthmaa only) as compared to study completers and other-reason dropouts. Based on 

thee lack of selective dropout, we conclude that the short- and long-term results are 

generaliziblee to the complete study group. To assess the influence of dropout and the 

robustnesss of the study findings, we performed a study that combined sensitivity analysis 
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andd imputation of missing data, which is described in chapter 4. This analysis showed 

thatt the dropout did not distort the study findings. Even when assuming a worst case 

scenario,, i.e. deterioration for the treatment dropouts and no improvement for the study 

dropouts,, the improvement in hospitalizations remained significant in COPD. In asthma, 

thee difference in hospitalizations remained significant in the sombre scenario (no 

improvementt for both treatment and study dropouts), but not in the worst case scenario. 

Theree are large differences in length of stay in IPR, with a range from as short as 10 days 

[8]] to as long as 10-13 weeks [6;9;41 ;44]. The longer length of stay of our program (18 

weekss in patients with COPD, 23 weeks in patients with asthma) is probably caused by 

thee higher severity and comorbidity of the patients referred to our asthmacentre. Other 

reasonss may be the focus on individualized treatment goals and the extensive training of 

self-managementt skills: modification of disease behavior requires a considerable amount 

off time. Recently, the length of stay for all inpatient pulmonary rehabilitation programs 

inn the Netherlands has been limited to 12 weeks under pressure of health insurance 

companies. . 

2.66 Conclusio n 

Thee high pre-IPR hospitalization rate, the high number of comorbidities, and the large 

numberr of adverse events during IPR suggest that the patients with asthma or COPD 

referredd for IPR in our asthmacentre are severely impaired, unstable patients. There was 

aa high, but non-selective dropout. Use of oral corticosteroids decreased significantly, 

accompaniedd by a small rise in inhaled steroids. Most patients reported improved 

exercisee tolerance, but mean walking distance did not improve. Composite analysis 

showedd that two-third of the patients with asthma and one-third of the patients with 

COPDD improved in at least 2 factors relevant to functional exercise tolerance. This I PR-

programmee resulted in a large decrease in hospitalization, both in patients with asthma 

(4-fold)) and patients with COPD (6-fold). 
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3.11 Abstrac t 

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 Introductio n 

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 Method s 

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 Result s 

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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Tabl ee 3.1a : Pre-post-treatmen t chang e in healt h status : asthm a (N=39) 

QoLRIQ-domain s 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 valu e 
chang e 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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Tabl ee 3.1b : Pre-post-treatmen t chang e in healt h status : C O P D ( N = 6 8 ) 

QoLRIQ-domain ss pre-IPR post-IP R p(l ) p(D) p value  ES 
chang e 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 

Asthm aa (n=39) befor e e %% high 
score ' ' 

after r pp value 
chang e e 

ES S improve d 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 

Asthm aa (n=39) befor e e after r pp valu e 
chang e 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 

Figur ee 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. 
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Tabl ee 3.4: Long-ter m chang e in healt h status , asthm a 

domai n 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-u p p 
perio d 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--
valu e 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-- valu e 

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-u p 

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-u p 

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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Tabl ee 3.5: Long-ter m chang e in healt h status , COPD 

F-- p-valu e pre-IPR/follow-u p post-IPR / follow-u p 
value e 

Difff p HSD Diff p HSD 

domai n n follow-u p p 
perio d 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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Tabl ee 3.6: Long-ter m chang e in psychosocia l functioning . 

domai n n 

emotional l 
wellbeing g 

experienced d 
invalidity y 

diag--
nosi s 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--
valu e 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-valu e 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 Discussio n 

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 Conclusio n 

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 Overal l conclusio n par t 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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4 4 
Imputatio nn of missin g data and 

sensitivit yy  analysi s in an outcom e stud y 
off  inpatien t pulmonar y rehabilitatio n 

Henkk F. van Stel 



AliceAlice hastily corrected herself. 7 meant it the other way. 

'It's'It's too late to correct it/ said the Red Queen; 

whenwhen you've once said a thing, that fixes it, 

andand you must take the consequences.' 

Lewiss Carroll 

AliceAlice in Wonderland, 1865 
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4.11 Introductio n 

Thee outcome of pulmonary rehabilitation for patients with chronic obstructive pulmonary 

diseasee (COPD) has been studied extensively in recent years. Both outpatient and inpatient 

pulmonaryy rehabilitation programs show short- and long-term improvements in health 

statuss and exercise capacity when compared to a control group [1 -33. A number of studies 

onn the outcome of inpatient pulmonary rehabilitation (IPR), including the study described 

inn chapter 2 and 3 of this dissertation, are affected by high dropout rates, causing missing 

dataa [4-12]. There are two problems associated with missing data [13]. The first is loss of 

statisticall power because there are fewer observations: several statistical techniques, such 

ass multivariate analysis of variance, exclude cases with a missing value. The second, often 

moree important problem is that missings may bias the results of a study. There is more bias 

whenn there are more missings and when the missings are not at random (selective dropout) 

[14].. This bias threatens the internal validity and generalizability of the study findings, so 

analysiss of missing data is required. 

Somee studies on the outcome of I PR assessed whether the dropout was selective [9; 10]; but 

otherss ignored up to 50% missings [7;12]. None of the outcome studies on IPR tested the 

robustnesss of the findings by imputingthe missing data. Therefore, missing data analysis was 

donee on the outcome study of IPR described in chapter 2 and 3, which had a substantial 

dropoutt both during the treatment phase and the follow-up phase. 

Missingg data analysis consists of documenting the reasons for missings, analysing covariates 

thatt explain variability in outcome and in missings, imputing of the missing values, and 

performingg sensitivity analysis [13]. The use of imputation is to check if something changes 

inn the magnitude and significance of the observed difference when all data are used [15]. 

However,, imputation is always an estimate, so sensitivity analysis is required, especially 

whenn simple imputation methods are used [16]. Simple imputation, such as imputing 

missingss with the mean of the non-missings ('mean substitution') and last value carried 

forwardd (LVCF), ignore available information and attenuate variance [15]. Fairclough gives 

ass a reason for doing sensitivity analysis, that it is difficult to choose between the numerous 

potentiall methods of imputation and analysis [17]. 

Thee approach in the current study is different from other imputation studies. While most 

imputationn studies search for the method that has the least bias, in this study the possible 

outcomess for the dropout patients dictate the imputation method. Imputation is done for 

thee two most important outcome measures of IPR for patients with asthma or COPD (see 

chapterr 2 and 3): the change in health status (from pre- to post-treatment) and the 

differencee in hospitalization in the year pre-IPR compared to the year post-IPR. There are 

severall possibilities for what could have happened to the dropouts in the remainder of the 
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study-period:: they could have improved, stayed the same or could have deteriorated. Two 

typess of dropout are distinguished in this study: treatment- or illness-related dropout and 

study-relatedd dropout. The sensitivity analysis comprises four scenarios, ranging from 

optimisticc to pessimistic. The construction of these scenarios was based on the outcome 

possibilitiess and the dropout type. The scenarios consists of decision rules for each group 

off dropouts, and an imputation method for each decision. Furthermore, missings were 

imputedd using multiple imputation software. The robustness of the findings in the patients 

whoo completed the outcome study was then analysed by performing a significance test on 

thee difference between the pre-treatment data and each set of imputed post-treatment 

data. . 

4.22 Method s 

Chapterr 2 and 3 describe an outcome study of I PR for patients with moderate to severe 

asthmaa or COPD. 56 patients with asthma and 84 patients with COPD were included in 

observationall outcome study with follow-up at 6 and 12 months post-IPR. The major 

outcomee measures of this study were health status, exercise capacity, hospitalization before 

andd after IPR, emotional well-being, and use of medication. Both the patients with asthma 

andd the patients with COPD improved significantly in all these outcome measures except 

exercisee capacity. Because of the high dropout during this study, the findings needed testing 

off their robustness by performing missing data analysis. Because reducing hospital 

admissionss and improving health status are the most important goals of the I PR-programme, 

theyy were selected for missing data analysis. 

4.2.11 Outcome measures 

Healthh status was assessed with the Quality of Life for Respiratory Illness Questionnaire 

(QoLRIQ)) [18], a validated outcome measure for both patients with asthma and patients 

withh COPD. The QoLRIQ is divided in 7 domains; a total score is computed from all 55 

items.. The QoLRIQ uses a 7-point response scale; a higher score represents more 

impairment.. The minimal important difference is estimated at 0.5 points, within a range 

fromm 0.4 to 0.6 (see chapter 6 of this dissertation). The post-IPR QolRIQ-total score was 

selectedd for imputation. 

Numberr of hospital admissions and days in the year pre-IPR were taken from the patient's 

self-reportt and checked with the medical chart. Post-IPR hospitalisation was taken from the 

patient'ss self-report at the 6 month and 12 month follow-up assessments. Imputation was 

donee for both admissions and days, at 6 months and 12 months post-IPR. 
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4.2.22 Missing data analysis 

Generally,, three types of missings are distuingished [13;14]: (1) missing completely at 

randomm (MCAR, missing is independent of both unobserved and observed data), (2) missing 

att random (MAR, missing depends on observed data, such as a previous value, but not on 

unobservedd data), and (3) missing not at random (MNAR, missing depends on observed 

dataa and on the missing value itself). Patients who dropped out of this study were labelled 

ass being a study-related dropout or a treatment/illness-related dropout The main reasons 

forr study-dropouts were organisational problems; refusal to cooperate with the study any 

further;; no contact with the patient despite several attempts (eg. patient moved). The main 

reasonss for treatment/illness-related dropouts were discharge to another hospital because 

off (new) comorbidity; preliminary termination of the I PR program; death; too ill to 

participatee or in hospital at the per-protocol assessment moment. The study dropouts are 

assumedd to be MCAR or MAR, butthe treatment/illness-related dropouts are clearly MNAR. 

Stepp one of the missings data analysis was to describe the dropout pattern. Step two was 

too identify variables that are associated with dropout, by assessing if there were differences 

betweenn completers, treatment/illness-related dropouts and study dropouts using analysis 

off variance with post-hoc testing (Tukey's HSD), distinguishing between dropout during the 

treatmentt phase and dropout during the follow-up phase. The following variables were 

tested:: age; gender; diagnosis; disease severity; forced expiratory volume in 1 second; 

numberr of hospitalisations pre-IPR; days in hospital pre-IPR; self-assessed health status at 

baseline;; emotional well-being and experienced invalidity at baseline (from the Medical 

Psychologicall Questionnaire for Lung Patients [19]); QoLRIQ-domains at baseline; number 

off steroid courses / antibiotic courses / combined steroid-antibiotic courses for 

exacerbations;; baseline dose of oral steroids and baseline dose of inhaled steroids; change 

inn QoLRIQ-domains; change in self-assessed health status. Step three was to imputate 

missingss (see below); step four was to perform dependent t-tests to assess the significance 

off the change from pre-IPR to post-IPR in each scenario. 

4.2.33 Imputation methods 

Imputationn was done in two ways: according to the decision model described in detail 

below,, and by using the free software program NORM version 2.03 by J.L. Schafer 

(Departmentt of Statistics, Pennsylvania State University, http://www.stat.psu.edu/~jls/ 

misoftwa.html).. NORM is a program for multiple imputation of incomplete multivariate 

data.. The program uses information in other variables (multivariate prediction model) for 

estimatingg parameters (means, variances, and covariances) and for imputing missing values. 

Onee of the assumptions of multiple imputation in NORM is that the missings are MAR. 

http://www.stat.psu.edu/~jls/
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Strictlyy spoken, treatment/illness related dropout, which is MNAR, should not be imputed 

usingg NORM. This was a major reason to develop the decision model. 

Thee prediction model for 6-month post-IPR hospital admissions in patients with COPD 

includedd the following variables: 6-month pre-IPR hospital admissions, 6-month post-IPR 

hospitall admissions and the dropout reason (completer, illness-related dropout, study 

dropout).. This model gave unlikely, counter-intuitive results: all illness-related dropouts 

wouldd have had zero post-IPR admissions (which was set as the lower border), and all study 

dropoutss would have had three post-IPR admissions (which was set as the upper border). 

Inclusionn of improvement in QoLRIQ-total score in the prediction model did not change 

thesee results. Similar results were found for the 12-month imputation and for imputing 

missingg hospital admissions in patients with asthma. These unreliable results are not further 

reported. . 

AA model with gender, disease severity, age, IPR-dropouttype, pre-IPR QoLRIQ total score 

andd post-IPR QoLRIQ total score to impute missings in post-IPR QoLRIQ total score also 

resultedd in quite unbelievable values: only mininal and maximal scores (i.e. 1's and 7's). 

Gender,, age and disease severity appear to be bad predictors because of their low 

correlationss with post-IPR QoLRIQ total score. The final model for imputing the post-IPR 

QoLRIQ-totall score included only IPR-dropouttype (completer, treatment dropout, study 

dropout)) as a dummy variable and both the pre- and post-IPR QoLRIQ-total score (with 

logitt transformation which allows to set borders, at 0.99 and 7.01). This model gave sensible 

values,, that is, somewhere in the range between 1 to 7 and clinically plausible for each 

patient. . 

4.2.44 Decision model for imputation of missing data 

Generall information: 

 four different scenarios: optimistic, realistic, sombre, pessimistic; 

 patients who died remain missing in imputation analysis; 

 treatment dropouts include both treatment dropouts (IPR-phase) and illness-related 

follow-upp dropouts; 

 study dropouts include both study dropouts (IPR-phase) and other reason follow-up 

dropouts; ; 

 all imputation is done by hand; 

 LVCF = last observation carried forward. 
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Scenari oo 1, Optimistic : treatment dropouts and study dropouts show similar improvement 

asas study completers 

A.. imputed value post-IPR QoLRIQ-total O: 

1.. asthma: 0.7 * pre-IPR QoLRIQ-total score 

2.. COPD: 1.22 + 0.41 * pre-IPR QoLRIQ-total score 

B.. imputed value number of hospital admissions and admission duration in follow-up 

period: : 

1.. dropouts without admissions pre-IPR get zero admissions post-IPR 

2.. dropouts with admissions pre-IPR: pre-IPR rate divided by diagnosis-specific 

ratee of decline in hospital admissions © © 

Scenari oo 2, Realistic : treatment dropouts have not improved; study dropouts show similar 

improvementimprovement as study completers 

A.. imputed value post-IPR QoLRIQ-total: 

1.. treatment dropouts: imputing pre-IPR QoLRIQ-total score (LVCF) 

2.. study dropouts, asthma: 0.7 * pre-IPR QoLRIQ-total score O 

3.. study dropouts, COPD: 1.22 + 0.47* pre-IPR QoLRIQ-total score © 

B.. imputed value number of hospital admissions and admission duration in follow-up 

period: : 

1.. treatment dropouts: imputing pre-IPR number of admissions and admission 

durationn (LVCF) 

2.. study dropouts: pre-IPR number of admissions and admission duration 

dividedd by diagnosis-specific rate of decline in hospital admissions © O © 

Scenari oo 3, Sombre : both treatment dropouts and study dropouts have not improved 

A.. imputed value post-IPR QoLRIQ-total: for both treatment dropouts and study 

dropoutss the pre-IPR QoLRIQ-total score (LVCF) 

B.. imputed value number of hospital admissions and admission duration in follow-up 

period:: number of pre-IPR admissions (LVCF) © 

Scenari oo 4, Pessimistic : treatment dropouts have deteriorated; study dropouts have not 

improved improved 

A.. imputed value post-IPR QoLRIQ-total: 

1.. treatment dropouts: pre-IPR QoLRIQ-total score + 2 * 0.5 (0.5 = minimal 

importantt difference) 

2.. study dropouts: pre-IPR QoLRIQ-total score (LVCF) 

B.. imputed value number of hospital admissions and admission duration in follow-up 

period: : 
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1.. treatment dropouts: imputing doubled number of pre-IPR admissions and 

admissionn duration (with a maximum of 183 days in 6 months or 365 days in 

122 months) 

2.. study dropouts: imputing number of pre-IPR admissions (LVCF) © 

OO change in QoLRIQ total score based on regression analysis in the patients who 

completedd IPR. 

©© diagnosis-specific rate of decline in number of hospital admissions and admission 

durationn is based on table 2.4 in chapter 2 ("change in hospital admissions"). 

©© except for treatment dropouts or study dropouts who missed only the last, 12-month 

post-lPRR assessment and had admissions in the first 6 months post-IPR: imputed 12-month 

valuee = number or days 6 months post-IPR -+- their own first half year pre-IPR number/days 

dividedd by diagnosis-specific decline rate. 

©© except for study dropouts who missed only the last, 12-month post-IPR assessment and 

hadd admissions in the first 6 months post-IPR: imputed 12-month value = their own pre-

IPRR number of admissions multiplied by their own post-IPR average admission duration 

(withh n (year pre-IPR admissions) >n (first half year post-IPR admissions). 

©© except for study dropouts who missed only the last, 12-month post-IPR assessment and 

hadd no admissions in the first 6 months post-IPR: imputed 12-month value = their own 

"firstt half year pre-IPR" number of admissions and admission duration divided by diagnosis-

specificc decline rate. 

©© except for dropouts who missed only the last, 12-month post-IPR assessment and had 

admissionss in the first 6 months post-IPR: imputed 12-month value = their own pre-IPR 

ratee multiplied by their own post-IPR average admission duration. 

©© except for dropouts who missed only the last, 12-month post-IPR assessment and had 

admissionss in the first 6 months post-IPR: imputed 12-month value = their own pre-IPR 

ratee multiplied by their own post-IPR average admission duration. 

4.33 Result s 

Generall characteristics of the patients are listed in table 4 .1 . The dropout pattern is 

decribedd in table 4.2. There were 20 treatment dropouts and 13 study dropouts in the 

inpatientt phase of the study, resulting in 107 patients with complete pre- and post-

treatmentt assessments. 29 patients dropped out at the 6-month follow-up (including 3 

deaths),, of whom 9 completed the 12-mo assessment. Another 28 patients missed the 12-

monthh follow-up. This results in 78 patients with complete data at 6 months post-IPR and 

500 patients at 12 months post-IPR. 
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Tabl ee 4.1: genera l characteristic s 

Asthma a COPD D 

totall  patients 

diagnosiss mild/moderate/severe 

genderr (male / female) 

agee (years) 

FEVTT %predicted 

MRCC dyspnea (N with maximal score) 

patientss with hospital admission(s) 
inn year pre-1 PR 

admissionss per patient # 

dayss in hospital per patient # 

totall hospital days 

56 6 

4 / 2 5 / 2 7 7 

13 /43 3 

46(iqr26) ) 

77.11 (sd 23.4) 

433 (76.7%) 

37(66.1%) ) 

2.66 (sd 1.4) 

52.33 (sd 49.0) 

1917 7 

84 4 

5 // 15 /64 

4 4 / 4 0 0 

622 (iqr 15.5) 

36.66 (sd13.6) 

700 (83.3%) 

74(88.1%) ) 

2.55 (sd 1.4) 

53.00 (sd 39.4) 

3931 1 

Dataa are presented as N (percentage) or as median (interquartile range, iqr) or as mean (standard 
deviation,, sd). # in patients with admissions 

Tablee 4.2: Patter n of dropou t durin g IPR and follow-u p 

Pattern n 

assessmen tt  no . 

22 3 

Complete e 

Treatmentt dropouts 

Studyy dropouts 

50 0 

10 0 

4 4 

20 0 

1 1 

18 8 

16 6 

13 3 

8 8 

35.7 7 

7.1 1 

2.9 9 

14.3 3 

0.7 7 

12.9 9 

11.4 4 

9.3 3 

5.7 7 

xx indicates completed assessment, — indicates missing assessment 



88 8 chapterchapter 4 

Dropoutt rates did not differ between patients with asthma and patients with COPD or 

betweenn levels of severity. Differences between completers, treatment dropouts or study 

dropoutss in health status and psychosocial functioning were only found in the treatment 

phase,, while clinical and physiological differences were only found within follow-up 

dropout.. From the few differences in health status and psychosocial functioning, only three 

reachedd significance at post-hoc testing. Study dropouts had a worse score than completers 

onn the QoLRIQ-domain triggering situations (asthma only, p=0.03), a worse score on self-

assessedd health status than treatment dropouts (asthma only, p = 0.02), and a better score 

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

p=0.022 and 0.04). 

Theree were a few significant clinical / physiological differences between the follow-up 

dropoutss and completers. In patients with asthma, treatment dropouts had more combined 

steroid/antibioticc courses than completers (p=0.06). In patients with COPD, study dropouts 

showedd larger baseline use (p=0.02) and reduction (p=0.002) of short-acting 

bronchodilatorsthann completers; treatment dropouts had a higher fat-mass at baseline than 

bothh completers (p=0.02) and study dropouts (p=0.03). 

Imputationn of missing data and significance testing of the difference between the pre-

treatmentt data and each imputation method is shown in tables 4.3 and 4.4 (QolRIQ-total 

scores)) and tables 4.5 to 4.8 (hospitalization). 

Tabl ee 4.3: Chang e in QoLRIQ-tota l score , asthm a onl y 

Complet ee cases , n=3 8 

pre-!! PR 

post-11 PR 

Impute d d 

pre-IPR R 

post-11 PR, 

post-11 PR, 

post-11 PR, 

post-!! PR, 

post-11 PR, 

data* ,, n=5 6 

NORM-imputation n 

optimisticc scenario 

realisticc scenario 

sombree scenario 

pessimisticc scenario 

meann (sd) 

3.566 (0.96) 

2.76(1.00) ) 

3.666 (0.98) 

2.811 (1.65) 

2.744 (0.91) 

2.977 (1.04) 

3.10(1.11) ) 

3.20(1.19) ) 

differenc e e 

0.80 0 

0.85 5 

0.92 2 

0.69 9 

0.56 6 

0.46 6 

p-valu e e 

<0.0001 1 

<0.0001 1 

<0.0001 1 

<0.0001 1 

<0.0001 1 

<0.0001 1 

** pre-IPR data are not imputed but the original data of all patients 
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Tabl ee 4.4: Chang e in QoLRIQ-tota l score , COPD onl y 

meann (sd) differenc e p-valu e 

Complet ee cases , n=6 8 

pre-IPR R 

post-IPR,, original 

Impute dd data* , n=84 

pre-IPR R 

post-IPR,, NORM-imputation 

post-IPR,, optimistic scenario 

post-IPR,, realistic scenario 

post-IPR,, sombre scenario 

post-IPR,, pessimistic scenario 

3.900 (0.85) 

3.066 (0.97) 

3.877 (0.90) 

2.97(1.10) ) 

3.044 (0.90) 

3.14(1.00) ) 

3.18(1.03) ) 

3.244 (1.09) 

0.84 4 

1.09 9 

0.84 4 

0.74 4 

0.69 9 

0.64 4 

<0.0001 1 

<< 0.0001 

<0.0001 1 

<0.0001 1 

<0.0001 1 

<0.0001 1 

pre-IPRR data are not imputed but the original data of all patients 

Tabl ee 4.5: Change in hospital admissions in 6 month period pre/post-IPR, asthma only 

Complet ee cases Asthma ,, 6-mont h period , n=29 

pre-IPRR post-IPR p change 

patientss with hospital admission(s) 

totall admissions 

totall hospital days 

12 2 

15 5 

495 5 

4 4 

4 4 

51 1 

0.02 2 

0.07 7 

0.02 2 

Impute dd data * Asthma ,, 6-mont h period , n=56 

optimisticc scenario 

realisticc scenario 

sombree scenario 

pessimistic c 
scenario o 

admissions s 

hospitall days 

admissions s 

hospitall days 

admissions s 

hospitall days 

admissions s 

hospitall days 

pre-IPR R 
original l 

98 8 

1224 4 

98 8 

1224 4 

98 8 

1224 4 

98 8 

1224 4 

post-IPR R 
imputed d 

15 5 

143 3 

23 3 

405 5 

44 4 

920 0 

56 6 

1212 2 

pp change 

<0.0001 1 

<0.0001 1 

0.0005 5 

<0.0001 1 

0.011 1 

0.004 4 

0.87 7 

0.57 7 

** pre-IPR data are not imputed but the original data of all patients 
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Tabl ee 4.6: Change in hospital admissions in 12 month period pre/post-1 PR, asthma only 

Complet ee cases Asthma ,, 12-mont h period , n = 18 

pre-IPRR post-IPR p change 

patientss with hospital admission(s) 

totall admissions 

totall hospital days 

9 9 

19 9 

326 6 

3 3 

3 3 

82 2 

0.04 4 

0.007 7 

0.008 8 

Impute dd data* Asthma ,, 12-mont h period , n=56 

optimisticc scenario 

realisticc scenario 

sombree scenario 

pessimistic c 
scenario o 

admissions s 

hospitall days 

admissions s 

hospitall days 

admissions s 

hospitall days 

admissions s 

hospitall days 

pre-IPR R 
original l 

98 8 

1917 7 

98 8 

1917 7 

98 8 

1917 7 

98 8 

1917 7 

post-IPR R 
imputed d 

17 7 

445 5 

35 5 

785 5 

66 6 

1365 5 

88 8 

1840 0 

pp change 

<0.0001 1 

<0.0001 1 

<0.0001 1 

<0.0001 1 

0.0008 8 

0.0006 6 

0.37 7 

0.46 6 

** pre-IPR data are not imputed but the original data of all patients 
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Tabl ee 4.7: Change in hospital admissions in 6 month period pre/post-IPR, COPD only 

Complet ee cases COPD,, 6-mont h period , n=4 9 

pre-11 PR post-IPR pp change 

patientss with hospital admission(s) 

totall admissions 

totall hospital days 

35 5 

65 5 

1495 5 

7 7 

10 0 

312 2 

<< 0.0001 

<0.0001 1 

<0.0001 1 

Impute dd data 4 COPD,, 6-mont h period , n=82 t 

optimisticc scenario 

realisticc scenario 

sombree scenario 

pessimistic c 
scenario o 

admissions s 

hospitall days 

admissions s 

hospitall days 

admissions s 

hospitall days 

admissions s 

hospitall days 

pre-IPR R 
original l 

104 4 

2393 3 

104 104 

2393 3 

104 104 

2393 3 

104 4 

2393 3 

post-IPR R 
imputed d 

16 6 

492 2 

24 4 

753 3 

38 8 

1008 8 

48 8 

1310 0 

pp change 

<< 0.0001 

<0.0001 1 

<0.0001 1 

<0.0001 1 

<0.0001 1 

<0.0001 1 

<0.0001 1 

0.0006 6 

** pre-IPR data are not imputed but the original data of all patients 
tt excluding 2 deaths 
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Tabl ee 4.8: Change in hospital admissions in 12 month period pre/post-IPR, COPD only 

Complet ee cases COPD,, 12-mont h period , n = 32 

pre-IPRR post-IPR p change 

patientss with hospital admission(s) 

totall admissions 

totall hospital days 

27 7 

76 6 

1363 3 

8 8 

13 3 

236 6 

<0.0001 1 

<0.0001 1 

<0.0001 1 

Impute dd data 4 COPD,, 12-mont h period , n = 78 + 

optimisticc scenario 

realisticc scenario 

sombree scenario 

pessimistic c 
scenario o 

admissions s 

hospitall days 

admissions s 

hospitall days 

admissions s 

hospitall days 

admissions s 

hospitall days 

pre-IPR R 
original l 

171 1 

3633 3 

171 1 

3633 3 

171 1 

3633 3 

171 1 

3633 3 

post-IPR R 
imputed d 

34 4 

871 1 

55 5 

1514 4 

79 9 

2029 9 

100 100 

2640 0 

pp change 

<0.0001 1 

<0.0001 1 

<0.0001 1 

<0.0001 1 

<0.0001 1 

<< 0.0001 

0.0001 1 

0.01 1 

** pre-IPR data are not imputed but the original data of all patients 
tt excluding 6 deaths 
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4.44 Discussion 

Theree was a substantial dropout in the outcome study of I PR described in chapter 2 and 3, 

bothh in the I PR-phase and in the follow-up phase of the study. About twenty percent of the 

patientss dropped out at each subsequent assessment, totalling up to 64% dropout. 

Theree were a few significant but clinically unimportant differences between completers and 

dropouts.. The only difference in the expected direction was the higher number of 

combinedd steroid/antibiotic courses in illness-related follow-up dropouts (asthma only) as 

comparedd to completers and study dropouts. The lack of selective dropout suggests that the 

short-- and long-term results are generalizible to the complete study group. 

Thee influence of dropout and the robustness of the study findings was assessed by 

combiningg sensitivity analysis and imputation of missing data. This showed that the dropout 

didd not distort the study findings. Even when assuming a pessimistic scenario, i.e. 

considerablee deterioration for the treatment dropouts and no improvement for the study 

dropouts,, the improvement in health status remained significant in both asthma and COPD. 

Thee change in health status was also clinically relevant (above the minimal important 

difference)) in all scenarios. In COPD, the difference in hospitalizations remained significant 

andd clinically relevant (at least 1000 less days in hospital) in all scenario's. In asthma, the 

significantt difference in hospitalizations remained up the sombre scenario (i.e. no 

improvementt for both treatment and study dropouts). 

4.4.11 Dropout 

Thee dropout rate of 64% is comparable to the dropout rates of 50% and 60% in studies on 

IPRR by Stewart et al. [12] and Van den Broek [7], but higher than in other studies on IPR 

(rangee 15 to 40%). In the current study, follow-up assessments were hindered by the supra-

regionall function of the asthmacentre and by illness of the main researcher. There was no 

convincingg evidence for selective dropout, as was found in the study of Ketelaars and 

coworkerss on IPR in patients with COPD [10]. In that study, reasons for non-response were 

mainlyy death and being too ill, with non-respondents having significantly worse quality of 

lifee scores post-IPR. Büchi et al. found that dropouts had a significantly worse health status 

(ass measured with the SF-36) than study completers, but found no difference in clinical, 

psychologicall or demographic variables [11]. Several studies found no differences between 

completerss and dropouts [6;8;9], although in the study by Bijl et al. [6] half of the dropout 

wass illness-related, as in our study. Other IPR-studies did not test [4;12] or report dropout 

[5]. . 

Youngg et al. studied non-adherence in outpatient pulmonary rehabilitation, and found no 

differencee in physiological measures, morbidity or health status between adhering and 

nonadheringg patients [20]. Nonadherent patients were more likely to be current smokers, 
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divorced,, living alone, living in rented accommodation and experienced less disease-related 

sociall support than adherent patients. 

4.4.22 Imputation 

Theree are some problems with simple imputation. Simple imputation methods, such as 

imputingg missings with the mean of the non-missings ('mean substitution')/ univariate 

regression,, or LVCF, ignore available information and attenuate variance [15]. As an 

example,, pre-and post-treatment scores are often significantly correlated. This information 

cann be used to obtain more realistic values for missings post-treatment. Multivariate 

predictionn models, such as in the multiple imputation program NORM which was used in 

thiss study, use the information in variables related to the missingness to impute the missing 

data.. However, when the dropout is non-random, that is, related to the missing value itself, 

NORMM should not be used. Furthermore, it is difficult to choose which imputation method 

iss best. The current study tries to address these problems by combining sensitivity analysis 

andd simple imputation methods, in addition to performing multiple imputation. The 

constructionn of different scenarios allows to distinguish the possible outcomes in both study 

dropoutss and treatment/illness related dropouts. 

Thee variables chosen for imputation represent the major goals of I PR: improvement of 

healthh status and preventingsevereepisodesof disease requiring hospitalization. The choice 

forr short-term change in health status was further directed by the finding that differences 

inn health status and psychosocial functioning between completers and dropouts only 

occurredd in the treatment phase. Similarly, differences in clinical variables were only found 

inn the follow-up phase, justifying the choice for imputing hospitalizations. Most other 

clinicall or physiological variables, except for use of oral corticosteroids, did not change 

sufficientlyy to test if change was robust. Imputation of missings in follow-up QoLRlQ scores 

wass not done because the available data already show a deterioration {see chapter 3). 

Imputationn will give a similar or larger deterioration, but will not change the existing 

conclusion. . 

Thee decision to exclude deaths from the imputation analysis is questionable. In cancer 

research,, death is one of the major reasons for dropout, and is therefore included in missing 

dataa analysis and imputation [21]. However, not including deaths allows to estimate the 

treatmentt result in the patients who are alive and may be clinically sensible. In this study, 

theree were a total of six deaths in the follow-up period, of which three were patients who 

droppedd out during the treatment phase. Some of these deaths were not related to the lung 

diseasee and could therefore be labeled as study dropouts. Including the deaths will not 

appreciablyy change the conclusions of the sensitivity analysis. 
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4.55 Conclusio n 

Thee improvements in health status and hospitalization after IPR in patients with asthma or 

COPDD remain significant and clinically relevant after imputation of missing data, even when 

assumingg that patients who dropped out of the study did not change or deteriorated. There 

wass no convincing evidence for selective dropout The combined approach of sensitivity 

analysiss and simple imputation methods is a useful method to test the robustness of change 

inn clinical trials with non-random missings, allowing to differentiate between 

treatment/illnesss related dropout and study dropout. 
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// do remember one thing. 
ItIt took hours and hours but.. 

byby the time I was done with it, 

II was so involved, I didn't know what to think. 

II carried it around with me for days and days.. 

playingplaying little games 

likelike not looking at it for a whole day 

andand then., looking at it. 

toto see if I still liked it. 

II did. 

Kingg Crimson 

Indiscipline,Indiscipline, 1981 
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5.11 Abstrac t 

Functionall exercise tolerance in patients with chronic obstructive pulmonary disease 

(COPD)) is often assessed by the six minute walking test (6MWT). To assess if the use of 

multiplee factors adds to walking distance in describing performance in the 6MWT, an 

exploratoryy factor analysis was performed on physiological measurements and dyspnea 

ratingss recorded during testing. 

833 patients with mild to severe COPD performed repeated 6MWTs before inpatient 

pulmonaryy rehabilitation. Factor analysis on 15 variables yielded a stable 4-factor 

structuree explaining 78.4% of the total variance. Recorded heart rate variables 

contributedd to factor 1 ('heart rate pattern'); walking distance, heart rate increase and 

decreasee contributed to factor 2 ('endurance capacity'); oxygen desaturation variables to 

factorr 3 ('impairment of oxygen transport') and dyspnea and effort variables to factor 4 

('perceivedd symptoms'). Walking distance decreased in half of the 53 patients measured 

post-treatment,, but self-perceived change in exercise tolerance improved in 84% and 

wass explained by change in walking distance, by less desaturation and less dyspnea 

(R2=0.55,, p=0.005). Qualitative analysis showed that 29 of 53 patients improved in 3 

orr 4 factors. 

Performancee in the 6MWT can be described with four statistically independent and 

clinicallyy interpretable factors. Because clinically relevant changes consist of more than 

onlyy walking distance, assessment of functional exercise tolerance in patients with 

COPDD improves by reporting multiple variables. 

5.22 Introduction 

Impairmentt of functional exercise tolerance (FET) is an important feature of chronic 

obstructivee pulmonary disease (COPD). Physical deconditioning and impaired lung 

functionn are the main causes of decreased FET [1 ;2]. Self-pacing is suggested as another 

majorr contributor to performance in daily activities [3]. An important treatment goal in 

pulmonaryy rehabilitation is improvement of FET by exercise training and training of self-

pacingg skills [1;3]. However, exercise training and training of self-pacing skills may have 

contradictingg effects on outcome parameters for FET. FET is usually assessed by timed 

walkingg tests such as the six or twelve minute walking test because of the relevance of 

walkingg to daily activities [2;3]. The usual measure of performance in the six minute 

walkingg test (6MWT) is the walking distance. FET encloses more than walking distance 

andd additional information on other aspects such as dyspnea, oxygen saturation, 

cardiovascularr fitness and walking technique is needed [3;4]. However, changes in these 
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aspectss of FET, which may be of equal importance for a patient, are only seldom used to 

reportt results of walking tests [5;6]. In our opinion the effect of rehabilitation will be 

underestimatedd or misunderstood if the walking distance is the only outcome parameter 

forr FET, especially in programs with attention for self-pacing skills. Performance in an 

exercisee test should be described with multiple, responsive factors to give a more 

completee picture of (changes in) FET. 

Inn several studies with patients with COPD the statistical method of factor analysis has 

beenn used to characterize the pathophysiological condition of COPD [7-10]. Factor 

analysiss is a data-reduction method that reduces multiple interrelated variables to a few 

clinicall interpretable factors [11]. 

Thee first aim of our investigation was to describe baseline performance in the 6MWT 

withh more factors than only walking distance. These factors were derived from multiple 

variabless obtained from walking tests in patients with COPD. An exploratory factor 

analysiss has been performed on physiological measurements, dyspnea ratings and 

walkingg distance recorded during pre-treatment 6-minute walking testing. The second 

aimm was to assess if the use of multiple factors adds to walking distance in describing 

changee in performance after inpatient pulmonary rehabilitation (IPR). For this purpose, 

changee in the composite factors and recorded variables was compared with self-

perceivedd change in exercise tolerance. Change in health status was recorded to assess 

thee overall effectiveness of the IPR. 

5.33 Pa tien  ts  and methods 

5.3.11 Patients and program 

Wee studied patients with mild to severe COPD referred to the two-week diagnostic 

periodd preceding our 3 to 6 month inpatient pulmonary rehabilitation program (IPR). 

Thee duration of the IPR depends on the specific problems and individually tailored 

treatmentt goals of a patient (see §5.8.1.1). The main reasons for referral were an 

unstablee disease pattern and/or a high burden of disease, characterized by frequent 

hospitalization,, high medication usage and/or psychosocial problems. The inpatient 

programm aims at optimizing functioning in daily life. The key components of the program 

aree exercise training, optimizing the medication regimen, education, extensive 

psychosociall support and training of self-management skills, including self-pacing. Based 

onn previous experience and treatment goals, we expected a high variety in change in 

FET:: patients who improve in one aspect of FET may have worse scores on other 

aspects. . 
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Diagnosiss was done according to ERS-criteria [12] by the attending pulmonologist. All 

patientss gave their informed consent. The study protocol was approved by the medical 

ethicss committee. 

5.3.22 Assessments 

833 patients (see §5.8.1.2) were consecutively included in this study from March 1996 to 

Decemberr 1997 (including 3 younger patients having asthma with major irreversible 

airfloww obstruction). Pre-treatment assessments were done in the diagnostic period 

precedingg the inpatient pulmonary rehabilitation program. Post-treatment data were 

collectedd in 53 (see §5.8.1.3) out of 83 patients in the week prior to discharge. Lung 

functionn (see §5.8.1.4) values are expressed in %predicted [13]. Self-reported dyspnea 

wass assessed with the 5-point MRC dyspnea scale (range 1 - 5 ) [14]. Self-perceived 

changee in exercise tolerance was assessed at discharge with a global rating of change 

question,, using a 5-point response scale ('much worse', 'worse', 'the same', 'better', 

'muchh better'). Change in health status was assessed with the Quality of Life for 

Respiratoryy Illness Questionnaire (QoLRIQ) [15]. 

5.3.33 Walking test protocol 

Thee walking test protocol (see §5.8.1.5) was modified from Steele [3]. No 

encouragementt was given [16] as not to interfere with self-pacing. Transcutaneous 

oxygenn saturation (St02) and heart rate were measured with a portable pulse oximeter 

(N20-PA,, Nellcor Puritan Bennett, Pleasanton, USA). Perceived dyspnea and perceived 

effortt were rated with the modified Borg scale (range 0 — 10) [17]. 

5.3.44 Statistical analysis 

Statisticall analysis (see §5.8.1.6} included assessment of normality; summarizing baseline 

data;; significance testing for change in factors and in health status domains; computation 

off standardized response means (SRM) for health status domains; rank correlation 

coefficientss and forward stepwise multiple regression analysis to assess predictors for 

changee in walking distance. 

Ann exploratory factor analysis (see §5.8.1.7) [11] was performed on variables recorded 

duringg the last baseline test and on derived variables describing increase, decrease, 

minimumm and maximum. Factor analysis is a data reduction technique that exists of two 

steps:: clustering of variables with shared variance which yield 'factors' and then 

simplifyingg the factor structure by 'varimax rotation' which improves interpretability. 

Wee selected one original variable for each factor, based on a high factor loading and 

clinicall relevance [7]. The pattern of change in these selected variables was qualitatively 
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analysedd by dichotomising change scores to improvement (larger walking distance, 

higherr minimal saturation, less dyspnea, lower maximal heart rate) and deterioration. 

5.44 Results 

Patientt characteristics including anthropometric data, lung function variables and MRC 

dyspnea-scoree are presented in table 5.1. Most variables, except for the saturation 

variables,, were not normally distributed. Median and range of the variables used in the 

analysiss are listed in table 5.2. The minimal St02 is lower than the preset stop-criterion 

off 86%; this is caused by patients who continued to desaturate after stopping. There 

weree no significant differences at baseline between the groups with and without post-

treatmentt assessments. 

Tabl ee 5.1: Patien t characteristic s 

paramete r r meann (SD) Range e 

gender r 
male e 

female e 

age,, yr 

portablee oxygen / walking aidH 

both h 
onlyy walking aid 

onlyy oxygen 

MRC-scoree (range 1 - 5 ) 

FEVVV L 

FEV„„ %predicted 

FVC,, % predicted 

TLC,, %predicted 

RV,, %predicted 

42 2 
41 1 

60.4(12.0) ) 

20 0 

266 — 82 

4.6(0.7) ) 

1.04(0.45) ) 

36.9(12.8) ) 

72.6(19.7) ) 

116.7(22.2) ) 

185.8(48.2) ) 

2 --

0.38--

15.0--

2 8 . 0 --

7 0 . 0 --

110.9--

- 5 5 

- 2 . 4 6 6 

- 7 0 . 0 0 

-122.7 7 

-166.9 9 

-311 .0 0 

Abbreviations:: MRC = Medical Research Council dyspnea score; FEV, = forced expiratory 
volumee in one second; FEV,%pred = FEV, as percent of predicted value; FVC = forced 
vitall capacity; TLC = total lung capacity; RV = residual volume 
** walking aids: wheeled walker (26), walking stick (1), wheelchair (1) 

Thee principal components analysis yielded a 5-factor structure explaining 85.7% of the 

variancee in the data set. Because the 5th factor contained only one variable (dyspnea at 

0')) a four-factor structure was forced. This resulted in essentially the same factor 

structure,, explaining 78.4% of the total variance, with the one variable of the 5th factor 

contributingg to the 4 lh factor. The stability of the factor structure was checked by 

conductingg additional factor analyses. The structure remained the same and the 

percentagee explained variance and values and significance of the factor loadings did not 
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appreciablyy change when excluding the 6 patients with mild COPD; by excluding the 

patientss with asthma; by excluding the patients without post-treatment measurements; 

byy using a different extraction method (maximum likelihood procedure); by use of other 

rotationn procedures such as oblique rotation; or by using the mean values of the three 

baselinee 6MWTs instead of the values of the last 6MWT. 

Thee significant factor loadings of the four-factor solution after rotation are listed and 

groupedd by factor in table 5.3. The heart rate at 0', 6', +2' and maximal heart rate 

loadedd significantly on factor 1. The walking distance, the heart rate increase while 

walkingg and heart rate decrease in the recovery period loaded on factor 2. St02 at 0' 

andd 6', minimal St02 and decrease in St02 loaded on factor 3. Dyspnea at 0' and 6', 

increasee in dyspnea and the perceived effort loaded on factor 4. Heart rate at 0' also 

hadd a moderate (>0.4) but non-significant loading on factor 2. The equations for the 

compositee variables are listed in table 5.4. Using the values of the baseline test with the 

highestt walking distance gave a small difference in the factor structure: heart rate at 6' 

andd maximal heart rate had also a significant loading (0.6) on factor 2, while the non-

significantt loading of heart rate at 0' disappeared. 

Tabl ee 5.2: Variable s used in the facto r analysi s 

paramete rr  media n rang e e 
HR0',, bpm 

HRR 6', bpm 

HRR +2' , bpm 

HRR max, bpm 

HRR increase, bpm 

HRR decrease +2 ' , bpm 

St022 0', % 

St022 6', % 

St022 minimum, % 

St022 decrease, % 

Dyspneaa 0' (range 0-10) 

Dyspneaa 6' (range 0-10) 

Dyspneaa increase 

Perceivedd effort (0-10) 

6MWD,, meters 

92 2 

109 9 

96 6 

113 3 

15 5 

-8 8 

95 5 

91 1 

93 3 

-3 3 

3 3 

4 4 

1 1 

3 3 

311 1 

611 —133 

800 — 17 4 

611 —141 

844 — 1  7 4 

-66 — 8 5 

-50—18 8 

900 — 10 0 

844 — 10 0 

833 — 9 9 

-1 22 — 1 

0 —5 5 

00 — 8 

-1—6 6 

00 — 1 0 

722 — 84 0 

Abbreviations:: HR = heart rate; HR max = maximal observed heart rate; HR+2' 
== heart rate after 2' recovery; HR increase = heart rate increase during walking 
test;; HR decrease +2 ' = heart rate decrease in 2'-recovery period, St02 = 
transcutaneouss oxygen saturation; 6MWD = six minute walking distance 
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Tabl ee 5.3: Significan t facto r loading s after rotatio n 

paramete r r 1 1 

Facto r r 

22 3 

HRO' ' 

HR6 ' ' 

HRR + 2' 

HRR maximum 

HRR increase 

HRR decrease +2' 

6MWD D 

St022 0' 

St022 6' 

St022 minimum 

St022 decrease 

Dyspneaa 0' 

Dyspneaa 6' 

Perceivedd effort 

Dyspneaa increase 

0.82 2 

0.91 1 

0.88 8 

0.87 7 

# # 

0.86 6 

0.83 3 

0.77 7 

0.66 6 

0.96 6 

0.99 9 

0.78 8 

0.66 6 

0.97 7 

0.90 0 

0.69 9 

Eigenvalu e e 

%% explaine d varianc e 

3.16 6 

21.0 0 

2.78 8 

18.5 5 

3.04 4 

20.2 2 

2.80 0 

18.7 7 

Onlyy significant factor loadings (>0,572) are listed. Non-significant factor loadings 
betweenn 0,4 and 0,57 are marked with # . Recalculated eigenvalues after rotation 
aree listed. For abbreviations see table 5.2. 

Tabl ee 5.4: Computatio n of composit e facto r variable s 

Facto rr  name Equatio nn usin g facto r scor e coefficient s 

Heartt rate pattern 

Endurancee capacity 

Impairmentt of oxygen 
transport t 

Perceivedd symptoms 

0.27*(HR0')) + 0.30*(HR 6') + 0.29*(HR+2') + 0.29*(HR-maximum) 

0.28*(6MWD)) + 0.31 *(HR increase) + 0.30*(HR decrease) 

0.22*(StO22 0') + 0.32*(StO, 6') + 0.33*(StO2 minimum) + 
0.26*(StO22 decrease) 

0.25*(dyspneaa 0') + 0.36*(dyspnea 6') + 0.34*(perceived effort) + 
0.26*(dyspneaa increase) 

Forr abbreviations see table 5.2 

Analysiss of the pre/post-treatment change in 53 patients was performed on both the 

compositee variables and the selected variables (1 for each factor). The results of 

significancee testing were similar for the composite and selected variables. For clarity only 

thee results of the selected variables are presented. Only minimal St02 showed a 

significantt improvement (mean 90.4% to 91.8% p=0.00008, range -2% to +4%). 

Analysiss of change in walking distance showed that 25 patients improved (median +54 

m,, range +1 to +178) and 28 patients walked less (median -46 m, range -4 to -159) 

(seee table 5.5). 
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Tabl ee 5.5: Chang e in walkin g distanc e 

chang ee in 6MWD (m) 

-2000 — -150 

-1500 —-100 

-1000 —-50 

-500 — 0 

00 — 50 

500 — 100 

100100 — 150 

150150 — 200 

N N 

1 1 

5 5 

6 6 

16 6 

11 1 

8 8 

4 4 

2 2 

Dyspneaa at 6' changed in a similar way: 12 patients improved 2 or more points, 9 

patientss had a worser dyspnea score (>2 points). Qualitive analysis showed that 29 out 

off 53 patients improved in 3 or 4 variables and 7 patients deteriorated in 3 variables 

(seee table 5.6). 

Tablee 5.6: Qualitative analysis of change in selected variables 

6MWD D StO,, minimu m Dyspne aa 6' HRR maximu m NN patients 

11 1 

6 6 

3 3 

1 1 

2 2 

2 2 

changee scores are dichotomised into + and — : + stands for improvement: larger walking distance, 

higherr minimal saturation, less dyspnea, lower maximal heart rate; — stands for deterioration: smaller 

walkingg distance, lower minimal saturation, more dyspnea, higher maximal heart rate 
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500 patients reported self-perceived change in exercise tolerance (see table 5.7): 42 

reportedd improvement while 17 of the subjectively improved patients had a lesser 

walkingg distance at discharge. The group of patients with an individualized treatment 

goall on improvement of exercise tolerance (n = 17) had a non-significant mean 

improvementt of 10 m in walking distance, accompanied by significant improvements in 

minimall oxygen saturation during the walking test (92.8% to 94%, p=0.009), perceived 

exertionn (4.1 to 3.1, p=0.01) and perceived dyspnea (4.1 to 3.1, p=0.01). 

Tabl ee 5.7: Self-perceive d chang e in exercis e toleranc e 

self-perceive dd chang e in patient s wit h decrease d patient s wit h improve d 

exercis ee toleranc e 6MWD 6MWD 

muchh worse 1 0 

worsee 3 0 

thee same 4 0 

betterr 12 11 

muchh better 5 14 

Changee in walking distance was significantly correlated with change in desaturation 

(r=0.43,, p=0.005), with self-perceived change in exercise tolerance (r=0.56, 

p=0.00002)) and with change in several health status domains: general activities, ADL-

functioning,, social activities, total score (r=0.47, 0.36, 0.39, 0.41, all p<0.05) but not 

withh change in maximal heart rate, change in dyspnea at 6' or initial walking distance. 

Onlyy change in desaturation and self-perceived change in exercise tolerance remained 

significantt predictors of change in walking distance in multiple regression analysis 

{adjustedd R2=0.48, p = 0.001). Multiple regression analysis on self-perceived change in 

exercisee tolerance with other change variables as independent variables showed that 

self-perceivedd change is not only explained by change in walking distance (R2=0.31, 

pp = 0.004) but also by less desaturation (additional R2=0.12, p=0.04) and less dyspnea 

(additionall R2=0.11, p=0.04) (total adjusted R2=0.55, p=0.005). 

Alll domains from the QoLRIQ improved significantly (see table 5.8). Most domains 

showedd moderate (SRM>0.5) to large (SRM>0.8) clinically relevant changes, with 

generall activities and ADL showing the largest absolute changes. 
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Tabl ee 5.8: Chang e in healt h statu s 

107 7 

Domai nn name 

Breathingg problems 

Physicall problems 

Emotions s 

Generall activities 

Triggeringg situations 

Activitiess of daily life 

Sociall activities 

QoLRIQ-total l 

aa median score; 
bb SRM= change score 

baselin ee score a 

3.44 4 

3.38 8 

3.22 2 

4.50 0 

3.14 4 

5.14 4 

4.43 3 

3.87 7 

chang ee score a 

0.67 7 

0.67 7 

0.67 7 

1.50 0 

0.57 7 

1.00 0 

0.57 7 

0.72 2 

p-valu e e 
off  chang e 

<0.0001 1 

<0.0001 1 

<0.0001 1 

<0.0001 1 

0.0004 4 

<0.0001 1 

0.02 2 

<0.0001 1 

dividedd by standard deviation of change score 

SRMb b 

0.77 7 

0.84 4 

0.73 3 

0.95 5 

0.56 6 

0.79 9 

0.43 3 

0.94 4 

5.55 Discussion 

Thiss study presented a new, more detailed approach of analysing the 6MWT as a 

measuree of performance for patients with COPD. Encouragement was omitted from the 

walkingg test protocol as not to interfere with self-pacing. Factor analysis of a set of 

variabless with clinical relevance to FET yielded a stable 4-factor structure. The use of 

multiplee factors allowed a detailed assessment of change in FET: a) the major part of the 

patientss improved in two or more factors; b) patients with an individualized treatment 

goall on improvement of exercise tolerance improved significantly in all factors except 

walkingg distance; and c) the improvement in self-perceived exercise tolerance was 

explainedd by walking distance, less desaturation and less dyspnea, while the larger part 

off the patients showed a decrease in walking distance. 

5.5.11 Factor structure 

Besidess walking distance, measurements of physiological parameters and dyspnea 

ratingss were obtained from 83 patients with mild to severe COPD. Factor analysis 

reducedd the 15 selected variables to 4 factors explaining 78.4% of the total variance in 

thee data set. Our clinical interpretation of the factors is as follows. Factor 1 contains the 

heartt rate variables measured during testing. This factor describes the 'heart rate 

pattern'.pattern'. Factor 2 is made up of the walking distance and the two dynamic heart rate 

variables:: the increase while walking and the decrease in the recovery period. This 

factorr is interpreted as 'endurance capacity'. The variables for oxygen (de)saturation 
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belongg to factor 3; this can be interpreted as 'impairment of oxygen transport'. Factor 4 

containss the dyspnea and effort variables; this factor is named 'perceived symptoms'. 

Thee factor score coefficients resulting from the factor analysis were used to compute a 

compositee variable for each factor (see §5.8.2.1). Following the suggestion by Ries et a/. 

[7],, we selected for each factor the variable that represents most closely the conceptual 

meaningg of the factor. This variable should be a valid outcome measure and combine a 

highh factor loading with a clear clinical interpretation. We selected as follows: maximum 

heartt rate for factor 1 ; walking distance for factor 2; minimal saturation for factor 3; and 

perceivedd dyspnea at 6' for factor 4. 

5.5.22 Change in FET 

Inn this study we further assessed if the obtained factors added to walking distance in 

describingg change in FET after treatment in 53 patients. Only minimal StO, improved 

significantly.. Despite the lack of significant change in the other selected variables, 

moderatee to large, both positive and negative changes were seen. The qualitative 

analysiss showed a high variation in the pattern of change: most patients improved in two 

orr three variables but deteriorated in another variable. Although we neglected the 

magnitudee of the changes, this analysis suggests that patients with a lesser walking 

distancee are not necessarily deteriorated because they may have improved in other 

factors.. This suggestion is supported by three findings in this study: a) all health status-

domainss showed a statistically highly significant and clinically relevant improvement; b) 

patientss with an individualized treatment goal on improvement of exercise tolerance 

improvedd significantly in all factors except walking distance and c) the major part of the 

patientss with a lower walking distance at discharge perceived an improved exercise 

tolerance.. This last point was also found by Redelmeier et a/ [18]; their suggestion was 

thatt patients do not have perfect memory of their past functional status. We think that 

thee difference between objective and subjective change is mainly explained by change 

inn other factors related to FET. An advantage of our factor approach may be that in case 

off specific treatment goals, analysis of change may be focused on the factor related to 

thatt treatment goal, such as improvement of dyspnea or 02desaturation. 

5.5.33 Factor analysis in COPD 

Factorr analysis has previously been used in studies with patients with COPD [7-10]. 

Thesee studies selected several pathophysiological measurements and dyspnea 

assessmentss from clinical ratings and disease-specific health status measures in order to 

characterizee the pathophysiological condition of COPD. In contrast to these studies we 

selectedd only variables from one specific exercise test {the 6MWT). We excluded 

variabless related to FET that can not be recorded during testing. In our study walking 
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distancee and dyspnea ratings belong to different factors, which suggests that they are 

differentt aspects of FET [3]. In the study by Wegner et al [9] walking distance and 

dyspneaa ratings formed a factor together, apart from airway obstruction and pulmonary 

hyperinflation.. In factor analysis studies without walking distance, all dyspnea measures 

falll into one factor [8; 10]. The sample sizes of all studies using factor analysis in patients 

withh COPD, including our own study, are smaller than recommended [11]. Despite this 

thee factor structures are stable, which may be explained by the use of homogenous 

patientt groups. 

5.5.44 Limitations 

Thiss study has several limitations. We already mentioned the rather small but apparently 

adequatee sample size. Our protocol for the walking test differed in several aspects from 

thee protocol proposed by Steele [3], most noticable in omitting standard phrases of 

encouragement.. We had two reasons for not providing encouragement. The first is that 

wee expected that the most severely impaired patients would need frequent resting 

duringg the walking test. We felt that an encouraging phrase while a patient is resting is 

unbecoming.. The second reason is that training of self-pacing skills is an important 

treatmentt goal in our IPR program. Encouraging may interfere with acquired self-pacing 

skill.. Because the effect of encouragement is large (about 30 m) [16], comparisons to the 

changee in walking distance found in the literature must be made with caution. The 

thresholdd for clinical relevant change in walking distance of 54 m suggested by 

Redelmeierr [18] may not be valid using this modified protocol. A different approach to 

computingg the size of clinically relevant change is the effect size [19]. Using the baseline 

standardd deviation of 152 meters (this study), a small effect size of 0.2 would be equal to 

aa difference of 30.4 meters. 

Ourr study showed no overall improvement in six minute walking distance. This is at 

variancee with the results of most pulmonary rehabilitation programs, both outpatient 

andd inpatient. This lack of significant change in walking distance may be partly 

explainedd by the absence of encouragement; partly by the focus on self-pacing skills (see 

§5.8.2.2)) and partly by the variation in the individualized treatment goals. 

Anotherr limitation is that we did not include several variables associated with self-pacing 

thatt may improve the clinical interpretability and explained variance of the factor 

analysis.. Alas, we recorded 'time spent resting' and 'frequency of resting' only in a small 

partt of the study group. 
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5.5.55 Clinical relevance 

Inn our opinion, a multifactorial interpretation of the six minute walking test will be of 

valuee in the estimation of clinical efficacy of rehabilitation programs and in the 

assessmentt of FET. The main advantage of using multiple factors (or variables) to 

describee performance is the possibility to assess change in several aspects of FET 

simultaneouslyy instead of only in one aspect, which is one of the disadvantages of the six 

minutee walking test [20]. When assessing change in several variables simultaneously, a 

statisticall and a clinical problem arises. The statistical problem is the increased type I 

errorr due to multiple testing (see §5.8.2.4), which can be controlled by applying a 

Bonferronii correction. The clinical problem is to judge the importance of the observed 

changess in all factors together. It will depend on the specific treatment goal for a patient 

andd the size of the changes if the improvement in one factor outweighs the deterioration 

inn another factor. This judgment may be aided by assessing the self-perceived change in 

exercisee tolerance and the patient's satisfaction with that change. Reviewing several 

aspectss of FET simultaneously can be compared to analysing a multi-domain quality of 

life-questionnaire,, it is important to know if an overall improvement did occur, but it 

mayy be much more interesting to know which domains did improve and to analyse the 

patternn of improvement. Reporting multiple factors will be especially useful for 

(pulmonary)) rehabilitation programs with attention for training of self-pacing skills as a 

methodd to prevent dyspnea and exhaustion: a decrease in walking distance may be 

accompaniedd with less desaturation and less dyspnea or perceived effort, as was shown 

inn this study. 

Thee clinical relevance of multi-aspect reporting of FET lies both on programme and on 

patientt level. On programme level it is necessary to know if the observed change 

resembless the main treatment goals, if patients have improved in those areas that 

receivedd most attention, and if patients that worsened on an outcome measure such as 

walkingg distance, improved on other aspects of FET. This last argument is also important 

too individual patients. A worsening in walking distance may leave the patient 

disappointedd about the treatment result and probably confused if the patient 

experiencedd a subjective improvement in FET. Reporting change in FET in more detail, 

whilee comparing to the expected treatment results, may clarify this confusion in patients. 

5.5.66 Further research 

Severall topics addressed in this study need further investigation. The magnitude of 

clinicallyy relevant changes and valuing positive and negative changes simultaneously are 

basicc questions for all situations with multiple outcome measures. Furthermore, the 

analysiss of treatment effects with regard to the individual goals of a patient is essential for 

alll treatment programmes that employ individual adaptation of treatment based on the 
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specificc problems of the patient. Lastly, the factor structure found in this study should be 

confirmedd in other patient samples, including both in- and outpatients with COPD. 

5.66 Conclusion 

Too conclude, performance in six minute walking testing can be described by 4 statistical 

independentt and clinical interpretable factors: endurance capacity, heart rate pattern, 

perceivedd symptoms and impairment of oxygen transport. Assessment of change in 

performancee is improved by using selected variables representing these factors instead of 

merelyy walking distance. Reviewing change in all factors simultaneously may be useful 

bothh in clinical and in research settings. 



112 2 chapterchapter 5 

5.77 Reference List 

1.. Casaburi R. Exercise training in chronic obstructive lung disease. In; Casaburi R, Petty TL, editors. 

Principless and practice of pulmonary rehabilitation. Philadelphia: W.B . Saunders, 1993: 204-224. 

2.. Donner CF, Mu i r JF. Selection criteria and programmes for pulmonary rehabilitation in COPD 

patients.. Rehabilitation and Chronic Care Scientific Group of the European Respiratory Society. 

Eurr Respir J 1997; 10:744-757. 

3.. Steele B. Timed walking tests of exercise capacity in chronic cardiopulmonary illness. ) Cardiopulm 

Rehabill 1996; 16:25-33. 

4.. Cuyatt G H , Townsend M , Keller JL, Singer J, Nogradi S. Measuring functional status in chronic lung 

disease:: conclusions f rom a randomized control trial. Respir Med 1989; 83:293-297. 

5.. Honeyman P, Barr P, Stubbing DG. Effect o f a walking aid on disability, oxygenation, and 

breathlessnesss in patients wi th chronic airflow l imitat ion. J Cardiopulm Rehabil 1996; 16:63-67. 

6.. Rooyackers JM, Dekhui jzen PNR, van Herwaarden CLA, Folgering HThM. Training with 

supplementall oxygen in patients w i th COPD and hypoxaemia at peak exercise. Eur Respir J 1997; 

10:1278-1284. . 

7.. Ries AL, Kaplan RM, Blumberg E. Use of factor analysis to consolidate mult iple outcome measures 

inn chronic obstructive pulmonary disease. ] Clin Epidemiol 1991 ; 44 :497-503. 

8.. Mahler DA, Harver A. A factor analysis of dyspnea ratings, respiratory muscle strength, and lung 

funct ionn in patients wi th chronic obstructive pulmonary disease. Am Rev Respir Dis 1992; 

145:467-470. . 

9.. Wegner RE, Jorres RA, Kirsten DK, Magnussen H. Factor analysis of exercise capacity, dyspnoea 

ratingss and lung funct ion in patients wi th severe COPD. Eur Respir J 1994; 7:725-729. 

10.. Haj iro T, Nishimura K, Tsukino M, Ikeda A, Koyama H, Izumi T. Analysis of clinical methods used 

too evaluate dyspnea in patients wi th chronic obstructive pulmonary disease. Am ) Respir Crit Care 

Medd 1998; 158:1185-1189. 

1 1 .. Stevens J. Exploratory and confirmatory factor analysis. In: Stevens ] , editor. Appl ied multivariate 

statisticss for the social sciences. Mahwah, NJ; Lawrence Erlbaum Associates, 1996: 362-428. 

11 2. Siafakas N M , Vermeire P, Pride NB, Paoletti P, Gibson J, Howard P et al. Opt imal assessment and 

managementt of chronic obstructive pulmonary disease (COPD). The European Respiratory Society 

Taskk Force. Eur Respir J 1995; 8:1398-1420. 

13.. Quanjer PH, Tammel ing GJ, Cotes JE, Pedersen OF, Peslin R, Yernault )C. Lung volumes and 

forcedd ventilatory flows. Report Work ing Party Standardization of Lung Function Tests, European 

Communi tyy for Steel and Coal. Eur Respir | 1993; 6 (suppl. 1 6):5-40. 

14.. van der Lende R, Or ie N O The MRC-ECCS questionnaire on respiratory symptoms (use in 

epidemiology).. Scan ] Respir D 1972; 52:218-226. 

11 5. Mail lé AR, Koning CJM, Zwinderman A H , Willems LN, Di jkman JH, Kaptein AA. The development 

off the 'Quality-of-l i fe for Respiratory Illness Questionnaire (QOL-RIQ)': a disease-specific quality-

of-l ifee questionnaire for patients wi th mild to moderate chronic non- specific lung disease. Respir 

Medd 1997; 91 :297-309. 

16.. Guyatt G H , Pugsley SO, Sullivan MJ, Thompson PJ, Berman LB, Jones NL et al. Effect of 

encouragementt on walking test performance. Thorax 1984; 39:818-822. 

17.. Wi lson RC, Jones PW. A comparison of the visual analogue scale and modif ied Borg scale for the 

measurementt of dyspnoea dur ing exercise. Clinical Science 1989; 76:277-282. 

18.. Redelmeier DA, Bayoumi A M , Goldstein RS, Guyatt G H . Interpreting small differences in 

funct ionall status: the Six M inu te Walk test in chronic lung disease patients. Am J Respir Crit Care 

M e dd 1997; 155:1278-1282. 

19.. Kazis LE, Anderson JJ, Meenan RF. Effect sizes for interpreting changes in health status. Med Care 

1989;; 27:S178-S189. 

20.. Ambrosino N. Field tests in pulmonary disease. Thorax 1999; 54:191-193. 



multivariablemultivariable assessment of 6MWT 113 3 

5.88 Data supplement  to:  "Multivariable  assessment  of  the six  minute  walking 

testtest  in  patients  with  COPD" 

AmAm J Respir Crit Care Med 2001; 163: 1567 - 1571 

5.8.11 Methods 

5.8.1.11 Individualized adaptations of the standard IPR-programme 

Becausee of the large variation in individual problems and the essential role of motivation 

inn pulmonary rehabilitation [1], individualized treatment goals are formulated by the 

multidisciplinaryy treatment team in consultation with the patient. The treatment goals 

aree based on the two-week multidisciplinary diagnostic period. 

5.8.1.22 Exclusion of patients 

99 patients were excluded because of one of the following exclusion criteria: poor 

languagee skill; musculoskeletal problems; cardiac problems or severe hypoxia (not 

reachingg an oxygen saturation of 86% at the start of the walking test while using 

additionall oxygen). 

299 out 83 patients used additional oxygen, a walking aid or both (see table 5.1) 

5.8.1.33 Post-treatment dropout 

111 patients were not eligible for the IPR, mainly because of psychosocial comorbidity or 

lackk of motivation; 2 did not complete the I PR; 4 were transferred to another hospital 

becausee of comorbidity; 2 had a prolonged exacerbation at discharge from the IPR; 4 

declinedd further cooperation; 2 patients started with additional oxygen during the IPR 

andd were not allowed to exercise without; 5 patients were not assessed at discharge due 

too other reasons. 

5.8.1.44 Lung function measurements 

FEV,,, FVC, TLC and RV were measured with a Lilly type pneumotachometer system and 

aa bodyplethysmograph (Masterlab, Jaeger, Hoechberg, Germany) and performed by a 

trainedd en experienced lung function assistant. 

5.8.1.55 Walking test protocol 

Thee walking test protocol was modified from Steele [2]. The walking test was performed 

threee times in five days (pre-treatment) and one time post-treatment in a quiet hospital 

corridorr of 40 meters length. The corridor was marked every meter for precise 

assessmentt of walking distance. The level of supplemental oxygen and the use of a 

walkingg aid were recorded before the first test and kept constant in subsequent tests. 

Afterr instruction about the goal of the test the patients were asked to cover as much 
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groundd as they could achieve during 6 minutes, without extreme breathlessness or 

fatiguee [3]. If needed resting was allowed; patients were asked to start walking again as 

soonn as they could. No encouragement was given [4] as not to interfere with self pacing. 

Thee time passed was mentioned every minute. Measurement of heart rate and 

transcutaneouss oxygen saturation (St02) was done with a portable pulse oximeter (N20-

PA,, Nellcor Puritan Bennett, Pleasanton, USA) at baseline (0'), every minute during 

testing,, at the end of test {6') and 2 minutes after stopping (+2 ' , recovery period). If St02 

decreasedd to 86%, the patient was asked to stop. The patient was asked to walk on as 

soonn as St02 reached 90%. Ratings of perceived dyspnea and perceived effort were 

obtainedd at baseline (dyspnea only) and immediately after stopping using the modified 

Borgg scale (range 0 — 10) [5]. The maximal heart rate and minimal saturation reached 

duringg testing were recorded. 

5.8.1.66 Statistical analyses 

Thee Shapiro-Wilk W Test was used to assess normality. Baseline data were summarized 

withh the mean and standard deviation or with the median and range. Significance of 

changee in health status domains was tested with the wilcoxon matched pairs test; 

clinicall relevance of these changes was assessed with the standardized response mean 

(SRM):: the change score divided by the standard deviation of that change score [6]. The 

SRMM is interpreted as an effect size: 0.2 represents a small clinically relevant change, 0.5 

aa moderate change and 0.8 or higher a large change. Rank correlation was computed 

withh Spearman's r. Testing of pre/post-treatment change of each factor was done 

univariatee with the dependent t-test or the Wilcoxon matched pairs test (a=0.01 after 

Bonferronii correction for multiple testing on 4 variables, overall a=0.039 [7]). Forward 

stepwisee multiple regression analysis was used to assess predictors for change in walking 

distancee and self-perceived change in exercise tolerance. 

Alll statistical analyses were performed with Statistica for Windows version 5.1 (Statsoft 

Inc.,, Tulsa, OK, USA, 1998). 

5.8.1.77 Factor analysis 

Ann exploratory factor analysis [8] was performed on variables recorded during the last 

baselinee test and on derived variables describing increase, decrease, minimum and 

maximum.. Variables with redundant information (e.g. heart rate and St02 at 2' to 5') 

weree excluded from the analysis. Because time spent resting was not assessed in all 

patientss it was also excluded from analysis. Factor analysis is a data reduction technique 

thatt exists of two steps: extraction and rotation of the factors. Principal components 

analysiss was used to extract (cluster) variables with shared variance. A cluster of variables 

iss called a latent variable or factor. Each factor is independent or uncorrected with the 
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otherr factors (orthogonality). The correlation of a variable with a factor is called 'factor 

loading'.. Only factor loadings >0,572 were included because this is the critical value for 

significancee with N = 80 [8], Eigenvalues provide a measure of the proportion of variance 

explainedd by successive factors. Factors with an eigenvalue >1 were retained (Kaiser-

criterion)) [8]. The obtained factors were rotated with the varimax normalized rotation 

procedure.. With varimax rotation a factor loads high on a few variables and low on all 

otherr variables. This simplifies the factor structure and improves interpretability. 

Interpretationn and naming of the factors is done by examining which variables load 

significantlyy on a factor after rotation. 

5.8.22 Discussion 

5.8.2.11 Composite or original variables 

Whenn using the factor approach, a choice must be made between the use of a 

compositee variable and the use of one original variable for each factor. Although 

compositee variables can be easily computed from the factor score coefficients of the 

variabless contributing to that factor, we have several reasons to prefer the use of selected 

originall variables. Composite variables can not be interpreted as easily as an original 

variable;; the factor score coefficients may differ between populations which limits 

comparabilityy between studies; in clinical practice a composite variable cannot easily be 

usedd as a clinical measure; significance testing gave the same results for both the 

compositee variables and the selected variables. Following the suggestion by Ries et al. 

[9],, we selected for each factor the variable that represents most closely the conceptual 

meaningg of the factor. This variable should be a valid outcome measure and combine a 

highh factor loading with a clear clinical interpretation. The selection could be as follows. 

Maximumm heart rate for factor 1 (heart rate pattern); walking distance for factor 2 

(endurancee capacity); minimal saturation for factor 3 (impairment of oxygen transport); 

andd lastly perceived dyspnea at 6' for factor 4 (perceived symptoms). 

5.8.2.22 Lack of walking distance improvement 

Ourr study showed no overall improvement in six minute walking distance. This is at 

variancee with the results of most pulmonary rehabilitation programs, both outpatient 

andd inpatient. This lack of significant change in walking distance may be partly 

explainedd by the absence of encouragement, partly by the focus on self-pacing and 

partlyy by the variation in the individualized treatment goals. Although exercise training is 

aa major part of the common treatment programme, it depends on the specific problems 

off a patient which aspects of functional exercise tolerance receive the most attention. In 

aa large part of our patients, self pacing is an important treatment goal. Self pacing skills 
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aree necessary to prevent dyspnea and desaturation but may result in a lesser walking 

distance.. A smaller walking distance does therefore not imply a lack of treatment result. 

Thiss is supported by the improvement in ADL-functioning which is closely related to 

functionall exercise tolerance. The main predictors of change in walking distance were 

changee in self-perceived exercise tolerance and change in desaturation. 

5.8.2.33 Relation of walking distance with other variables 

Recentt studies using multiple regression analysis have shown that walking distance is 

significantlyy determined by anthropomorphic variables in healthy adults (age, height, 

weight)) [10] and by several physiological variables in patients with COPD. These 

variabless include maximal inspiratory pressure (Pimax) [11-13], peripheral muscle strength 

(quadricepss force) [13] and diffusing capacity (TLCO) [11;14;15] (although TLCO may be 

onlyy significantly related in univariate analysis [13]). We did not include these variables 

inn our analysis because they can not be measured during a walking test. The relationship 

off walking distance with FEV, is unclear: some studies found a significant correlation 

[111 ;12;14-16] but others found no relation [13;17;18]. Walking distance is also related 

too dyspnea in univariate analysis [11;12;15;19] although results of multiple regression 

analysiss contradict [11;12]. Walking distance is moderately correlated with the physical 

dimensionn of the Sickness Impact Profile [12;20] but not with emotional status [16] or 

thee fatigue, emotion and mastery domains of the Chronic Respiratory Disease 

Questionnairee [11]. The non-correlated factors in the current study confirm the finding 

off Mak et al [15] that 0 2 desaturation is not related to walking distance or degree of 

perceivedd exertion and breathlessness. 

5.8.2.44 Multiple testing 

Whenn testing multiple variables simultaneously, the type I error rises often above the 

acceptedd 5% level. A solution to the problem of increased type I error is multivariate 

significancee testing (multivariate repeated measures analysis of variance, MANOVA). 

Althoughh this approach could give a one-test solution to the question if significant 

changee happened in the combination of the four factors, there are several reasons why 

thee use of MANOVA is not valid in this study. Firstly, our data did not met the stringent 

assumptionss of MANOVA, such as multivariate normality and homogeneity of variance. 

Secondly,, multivariate testing may lack power if the dependent variables are 

uncorrelatedd [7], which in this is study was caused by orthogonal extraction of principal 

components.. Thirdly, the results of a MANOVA are difficult to interpret and the one-test 

answerr gives no insight in which factors did change and by how much. So we chose the 

otherr possible solution: applying a Bonferroni correction. 
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TheThe more I look at it, 

thethe more I like it. 

II do think it's good. 

TheThe fact is.. 

nono matter how closely I study it, 

nono matter how I take it apart, 

nono matter how I break it down, 

ItIt remains consistant. 

II wish you were here to see it. 

Kingg Crimson 

Indiscipline,Indiscipline, 1981 
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6.11 Abstrac t 

Thee Quality of Life for Respiratory Illness Questionnaire (QoLRIQ) is an outcome measure 

forr patients with asthma or chronic obstructive pulmonary disease (COPD). This study 

assessedd the longitudinal validity, reliability of the change score and the interpretation of 

changess on the QoLRIQ in inpatient pulmonary rehabilitation, completed by 108 patients 

withh moderate to severe asthma (39) or COPD (69). Domains and total score of the 

QoLRIQQ changed significant (all p<0.0002) with standardised response means from 0.46 

too 0.90. All QoLRIQ-change scores were significantly correlated with self-rated change in 

healthh and in disease symptoms and with change in self-assessed health status (r from 0.2 

too 0.61). There were several significant correlations between QoLRIQ-change scores and 

changee in experienced invalidity, emotional well-being, anxiety, depressive symptoms and 

Rand-36-domainss (r from 0.2 to 0.68). The intraclass correlation coefficient of change was 

0.90.. The size of a minimal important difference (MID), computed from a retrospective 

globall rating of change by the patients and with the standard error of measurement, was 0.5 

pointss on a 7-point response scale. Computation of the MID from retrospective assessment 

off change may not be valid because this change was significantly correlated to post-

treatmentt health status and significantly higher than serial assessment of change. 

Wee conclude that the QoLRIQ is sensitive to change, longitudinally valid and reliable, with 

aa MID of 0.5 points. These results enable the use of the QoLRIQ as an outcome measure 

inn clinical trials with patients with moderate to severe asthma or COPD. The longitudinal 

measurementt properties in less severe patients still need to be studied. 

6.22 Introductio n 

Thee Quality of Life for Respiratory Illness Questionnaire (QoLRIQ) is a disease-specific 

healthh related quality of life (HRQL) questionnaire designed for both patients with asthma 

andd patients with chronic obstructive pulmonary disease (COPD) [1]. The psychometric 

characteristicss of the QoLRIQ are good: a high reliability, good validity, and sensitive to 

differencess in disease severity (see below) [2]. The QolRIQ was intended to be used as an 

outcomee measure in clinical research. However, evaluation of the longitudinal 

measurementt properties has not been performed yet. 

Theree are different views on the optimal nomenclature of the (longitudinal) measurement 

propertiess of HRQL questionnaires. Cuyatt et al [3] suggested that adequate responsiveness 

iss a prerequisite for an outcome measure, next to validity and reliability. Husted et a/ [4] 

proposedd the term 'external responsiveness' for the extent to which changes in a measure 

correspondd with changes in external, related measures. The difference with longitudinal 

validityy [3] is that the external measure has to represent a widely accepted indication of 
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change.. Recently, Beaton et a/ suggested a taxonomy for responsiveness based on context 

[5],, with axes for who is being analyzed, which scores are contrasted and the type of 

change.. Terwee et a/ [6] argued that the concept of responsiveness as a separate property 

off evaluative instruments [3] is not necessary: all measures of 'responsiveness' used in the 

literaturee are measures of longitudinal validity or reliability, while some also contain 

informationn that can be used for interpretation. They proposed guidelines for assessment 

off longitudinal validity, reliability of change scores and interpretation of change [6]. In this 

paper,, we describe the longitudinal measurement properties of the QoLRIQ, using the 

guideliness proposed by Terwee. First, we assessed the statistical significance and relative 

magnitudee of changes [7] detected by the QoLRIQ by performing significance tests and 

computingg standardised response means (SRM), a variant of the effect size (ES) [8]. Second, 

wee studied the longitudinal validity of the QoLRIQ by computing correlation coefficients 

betweenn change scores in QoLRIQ-domains and change scores from related outcome 

measuress [3;4|. Third, we assessed the reliability of the change score by computing the 

intraclasss coefficient of change [6;9]. Fourth, we assessed the size of a minimal important 

differencee (MID) using a retrospective global rating of change question. Because several 

authorss question the validity of retrospective assessment of change [9-11], we studied the 

validityy of that method and determined the MID with alternative methods: computing the 

standardd error of measurement (SEM) [12-14] and using the ES-benchmarks [15]. 

Thiss study was performed in an inpatient pulmonary rehabilitation setting (IPR) including 

bothh patients with asthma and patients with COPD. We chose this setting because 

pulmonaryy rehabilitation is known to be an effective treatment for patients with both 

asthmaa and COPD [16;17]. Because IPR is a multidisciplinary treatment with multiple 

treatmentt goals, we expected clinically relevant change in several quality of life domains. 

Furthermore,, improvement of quality of life is a major goal in pulmonary rehabilitation. A 

disease-specificc HRQL questionnaire with established longitudinal measurement properties 

wouldd serve as an important outcome measure in clinical trials about pulmonary 

rehabilitation. . 

6.33 Stud y desig n and subject s 

Patientss with asthma or COPD referred for inpatient pulmonary rehabilitation (IPR) at 

Asthmacenterr Heideheuvel were recruited for this study. The IPR is a rolling programme, 

soo patients were included consecutively from January 1996 to December 1997. Patients 

whoo did not complete the IPR or did not speak Dutch were excluded from this study. 108 

patientss (39 with asthma, 69 with COPD) were included. Diagnosis including assessment 

off disease severity was done by a pulmonologist according to criteria from the European 
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Respiratoryy Society [18] and the National Heart, Lung and Blood Institute [19]. The patients 

completedd all questionnaires both pre- and post-treatment. Pre-treatment assessments were 

donee in the first week of the observation period preceding the 3- to 6-month inpatient 

pulmonaryy rehabilitation programme. Post-treatment data were collected in the week prior 

too discharge. All patients gave written informed consent and the study protocol was 

approvedd by the institutional medical ethics committee. 

6.3.11 IPR programme description 

Thee main reasons for referral to the IPR programme were an unstable disease pattern and/or 

aa high burden of disease, characterized by frequent hospitalization, a high medication usage 

and/orr psychosocial problems. The inpatient programme aims at optimization of functioning 

inn daily life. Because of the large variation in individual problems and the essential role of 

motivationn in pulmonary rehabilitation [20], individualized treatment goals are formulated 

byy the multidisciplinary treatment team in consultation with the patient. The key 

componentss of the programme are exercise training, optimization of the medication 

regimen,, education, extensive psychosocial support and training of self-management skills, 

includingg self pacing and adequate symptom perception. The duration of the IPR ranges 

fromm 3 up to 6 months, depending on the specific problems and treatment goals of a 

patient. . 

6.3.22 Outcome measures 

HRQLL was assessed with the QoLRIQ. This questionnaire consists of 55 items divided into 

sevenn domain subscales: breathing problems (9 items), physical problems (9), emotions (9), 

situationss triggering or enhancing breathing problems (7), general activities (4), daily and 

domesticc activities (10), and social activities, relationships and sexuality (7) [1 ]. The QoLRIQ 

usess a 7-point response scale ranging from "not at all" to "very severe" to assess the degree 

off trouble from symptoms or impediment in carrying out activities in the two previous 

weeks.. A higher score represents a higher level of impairment. Test-retest reliability (intra-

classs correlation) with a one-month interval has been tested in stable primary care patients. 

Stablee was defined as self-reported stability with no visits to the general practioner for 

breathingg problems. Test-retest reliability was 0.54 for the emotions domain and ranged 

fromm 0.71 to 0.85 for the other domains and the total score [2]. Construct validity was 

satisfying,, with moderate to good correlations with the total score of the SIP (0.30 to 0.57), 

withh domains from the MOS SF20 (-0.35 to -0.61), with subjective severity of 

attacks/dyspneaa (0.62) and with the MRC-dyspnea score (0.44; all p<0.001) [2]. The 

QoLRIQQ discriminated significantly between primary care patients, outpatients and 

pulmonaryy rehabilitation patients, both in asthma and in COPD [2]. 



124 4 chapterchapter 6 

Levell of airways obstruction was assessed by the forced expiratory volume in one second 

(FEV^^ and by the forced expiratory volume in one second as percentage of the predicted 

valuee (FEV^pred) (adjusted for age, gender and body weight) [21 ]. Self-reported dyspnea 

wass assessed with the five-point MRC/ECCS dyspnea item {range 1 -5 ) [22]. Overall health 

statuss was assessed with a single item for self-perceived health status ("How would you rate 

yourr health status at this moment": very good, good, fair, moderate, poor) which was 

slightlyy modified from the Netherlands Health Survey Interview [23] (we changed the 

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

thee former wording). At discharge a retrospective "global rating of change" question was 

added.. Patients were asked to rate self-perceived change in disease symptoms on a 5-point 

responsee scale: "much improved - improved - the same - worse - much worse". Well-

beingg was assessed with two domains from the Medical Psychological Questionnaire for 

Lungg Patients (MPQL) [24]: emotional well-being (range 13-39, higher= better) and 

experiencedd invalidity (range 11-33, iower= better). The Symptom Checklist 90 (SCL-90) 

[25]] was used to assess anxiety and depressive symptoms (range 10-50 and 16-80, 

higher== more symptoms). During the last phase of the study, the Dutch version of the Rand-

36,, a generic quality of life questionnaire, was added (N = 31) [26]. 

6.3.33 Statistical Analysis 

Thee scores of each QoLRIQ-domain are standardized by dividing the sum of valid scores 

byy the number of valid items. A domain should have at least V^n + I valid items, otherwise 

thee domain score is missing. A total score ("QoLRlQ-total") is computed in a similar way 

fromm all valid items. Two domains were divided into subdomains: a) the "situations"domain 

becausee of the large difference in change between the 4 items about weather conditions 

("triggers:weather")) and the 3 items about allergic triggers ("triggers:allergic") and b) the 

''sociall activities, relations and sexuality" domain because a large number of patients 

skippedd the 3 items about sexuality which caused missings for the whole domain 

("social:activities"" and "sociahsexuality"). Descriptive statistics for the (sub)domains and 

totall score include baseline mean score; baseline standard deviation; change score; percent 

off patients scoring at the floor or ceiling of the score range; and for reliability the internal 

consistencyy (Cronbach's a). 

Normalityy of the distributions of pre- and post-treatment scores and change scores from all 

measuress was assessed with the Shapiro-Wilk W test [27]. Differences in baseline scores 

betweenn the asthma and COPD-groups were tested for significance with the Mann-Whitney 

U-test. . 
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6.3.44 Significance of change and effect sizes 

Differencess in change between the groups of patients with asthma and patients with COPD 

weree tested with an independent t-test on the change scores. Significance of change was 

assessedd by the Wilcoxon matched pairs test and accepted at p<0.05. A variant of the 

effectt size, the standardised response mean (SRM) was computed to assess the relative 

magnitudee of observed changes [4; 7]. The SRM is computed as the mean difference divided 

byy the standard deviation of that difference [8]. SRM is interpreted using the benchmarks 

byy Cohen: 0.2 represents a small change; 0.5 a moderate change and changes of 0.8 or 

higherr are interpreted as a large change [28]. For change scores which were not normally 

distributed,, a nonparametric SRM (SRMnp) was computed as the median change divided 

byy the interquartile range (iqr) from that change [29]. Based on the main programme goals 

andd clinical experience, we expected moderate to large changes in the QoLRIQ-total score 

andd in domains representing daily functioning (general activities, daily and domestic 

functioning,, social:activities) and emotional functioning (emotions); small to moderate 

changess in physical symptoms (breathing problems, physical problems); and no change in 

triggers:allergic. . 

Too check whether the size of the change depended on the initial value, the correlation 

betweenn the change score and the average of pre- and post-treatment QoLRIQ-total score 

wass computed [27]. 

Ass the QoLRIQ was originally developed for patients with mild to moderate severe asthma 

orr COPD, the item content may not be optimal for patients with severe asthma or COPD. 

Hylandd et al [30] suggested that creating a purpose-specific version may improve the 

responsivenesss of quality of life-questionnaires. They used the Breathing Problems 

Questionniaree in an outpatient pulmonary rehabilitation setting and limited it to the 10 

itemss most sensitive to change (7 out of 33 items had an SRM>0.2). To assess whether this 

strategyy would be useful for the QolRIQ, we checked how many items showed at least a 

smalll change (SRM>0.2). 

6.3.55 Longitudinal validity 

Longitudinall validity was assessed by computing Spearman's rank order correlations (rs) 

betweenn change in QoLRIQ-domains (and total score) and change in related outcomes: 

self-perceivedd change in disease symptoms, self-assessed health status, experienced 

invalidity,, emotional well-being, anxiety, depressive symptoms and Rand-36 domains. 

Measuress without change, such as FEVV were excluded from this analysis. A priori 

predictionss regarding the magnitude of the correlations included high correlations (>0.5) 

[31]] for change in QoLRIQ-total score with change in self-assessed health status and self-

ratedd change in disease symptoms; moderate to high correlations (0.35 - 0.6) for change 

inn emotions with change in mental health, well-being, anxiety and depressive symptoms; 
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moderatee to high correlations for change in daily/domestic activities, general activities and 

phsyicall problems with change in experienced invalidity and physical functioning; and a 

moderatee to high correlation for social activities with social functioning. Significance of 

correlationss was accepted at p<0.05. 

6.3.66 Reliability of the change score 

Reliabilityy of the change score was computed as an intraclass correlation coefficient of 

changee in the QoLRIQ-total score, using the formula provided by Streiner and Norman [9]. 

6.3.77 Interpretation of change 

Thee size of clinically important differences can be assessed from the mean change in the 

categoriess of a retrospective 'global rating of change' question. This anchor-based method 

hass been outlined by jaeschke et al [32] and Juniper et al [33]. The minimal important 

differencee (MID) can be estimated from the average change among patients who rate their 

healthh as somewhat improved or deteriorated minus the average change in patients who 

ratee their health as unchanged [4]. In this study the self-rated change in disease symptoms 

wass selected for computing the MID for the QoLRIQ domains and total score. 

SeveralSeveral hypotheses regardingthe validity of computing the size of MIDs from retrospective 

questionss were tested. First, a one-sample t-test [27] was used to assess whether the mean 

changee in QoLRIQ-total score in the group with rating 'the same' was significantly different 

fromm zero. 95% confidence intervals (95%CI) for mean changes and for MIDs were also 

computedd [34]. 

Second,, Norman et al [10] state that patients are unable to recall their initial health status, 

whichh causes global measures of change to be highly correlated with the present state and 

uncorrectedd with the initial state. Spearman's rank correlation coefficients between the 

retrospectivee rating of change in disease symptoms and pre- and post-treatment scores for 

QoLRIQ-totall and self-assessed health status were computed to test this hypothesis. 

Third,, Fischer et al [11 ] showed that the retrospective assessment of change is significantly 

higherr than the serial assessment of change (pre-treatment minus post-treatment scores). 

Wee repeated their analyses on our own data using the change in QoLRIQ-total score as 

seriall change and the self-rated change in disease symptoms as retrospective assessment of 

change.. The difference in sensitivity to change of both types of measurement [11] was 

assessedd by comparing the SRM-serial (the mean change in QoLRIQ-total score divided by 

thee standard deviation of that change) and the SRM-retrospective (the post-treatment self-

ratedd change score divided by the standard deviation of that score). The significance of this 

difference,, including a 95%CI, was also computed [35]. The concordance between serial 

andd retrospective change was assessed by constructing a contingency table and a) assessing 

thee crude % agreement from the on-diagonal agreement in the contingency table and b) 



interpretationinterpretation and validity of change in the QoLRIQ 127 7 

performingg a McNemar test on this table to test if one measure was significantly higher than 

thee other[11 ]. For the contingency table the serial change was divided into five categories: 

<< -1.5: large negative change; -1.5 to -0.5: moderate negative change; -0.5 to +0.5: no 

change;; +0.5 to +1.5: moderate positive change; > +1.5: large positive change. This 

categorizationn was based on the MID-thresholds for HRQL-questionnaires with a 7-point 

responsee scale [32;33], which have been suggested to be valid for any HRQL-questionnaire 

usingg a similar scale [33]. Additionally, the SRMnp of the Rand-36 retrospective question 

aboutt health change in the past half year was compared to the SRMnp's of significantly 

improvedd Rand-36 domains. 

6.3.88 Alternative computation of MID 

Wee used three alternative methods to compute the MID. The first was to compute the 

standardd error of measurement (SEM): the standard deviation of an instrument multiplied 

byy the square root of one minus its reliability coefficient. The SEM was validated by 

Wyrwichh et a/, as a criterion for meaningful intra-individual changes in three chronic disease 

HRQLL measures [12-14]. A one-SEM change corresponded with the MID of 0.5 point 

changee on a 7-point response scale. The SEM was computed for each domain using the 

baselinee standard deviation and the internal consistency (Cronbach's a) found in this study. 

Thee second method was to use the benchmarks for effect sizes: what is the absolute change 

associatedd with an ESof 0.2 or 0.5 [6;15]? The third method was to compare serial change 

inn the QoLRIQ to serial change (one-unit changes) in self-assessed health status, as an 

anchor-basedd alternative for categorizing change by retrospective change. 

Alll statistical analyses were performed with Statistica for Windows version 5.1 (Statsoft Inc, 

Tulsa,, OK, USA, 1998). 

6.44 Results 

6.4.11 Baseline characteristics 

Thee study group consisted of severely limited patients. 68.5% of the patients had a diagnosis 

off severe asthma or COPD; the MRC-dyspnea score was high; 61 % of the patients assessed 

theirr health status as moderate or poor (see table 6.1). The QoLRIQ-domainscores were 

nott normally distributed, except for the QoLRIQ-totalscore and all change-scores. Two 

domainss had noticeable floor or ceiling effects at baseline: almost 30% of the patients 

reportedd no impairment in the subdomain triggers:allergic, while almost 20% had the 

highestt possible score for the subdomain social activities. Baseline differences in quality of 

lifee between the asthma- and COPD-groups were only seen within domains representing 
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dailyy functioning: general activities (p=0.04) and daily/domestic activities (p<0.0001). 

Becausee of these differences the baseline QoLRIQ-total score tends to be somewhat worse 

inn patients with COPD (p=0.06). Experienced invalidity was significantly worse (p=0.004) 

inn patients with COPD, but emotional well-being, anxiety and depressive symptoms did not 

differr between patients with asthma and patients with COPD. 

Tabl ee 6 .1 : Baselin e characteristic s 

Asthm a a COPD D 

totall N 

diagnosiss "severe" (n) 

genderr (n male / n female) 

agee (years) 'H 

MRC-dyspneaa score hc 

self-assessedd health status bcl 

FEV,, (liter) " 

FEV,, % predicted d 

39 9 

21 1 

8 / 3 1 1 

46.6(16.6) ) 

5(0) ) 

44 (1) 

2.29(0.82) ) 

78.7(23.1) ) 

69 9 

53 3 

37 /32 2 

60.44 (11.0) 

5(0) ) 

4(1) ) 

1.033 (0.50) 

36.6(14.1) ) 

"'' mean (sd); h median (interquartile range); ' range: 1 (no dyspnea) to 5 (maximal dyspnea);'' range: 1 
(veryy good) to 5 (poor) 

6.4.22 Significance of change and effect sizes 

Theree were no significant differences between the patients with asthma and COPD in 

changee in domains from the QoLRIQ, MPQL or SCL-90 (all p>0.2), in change in walking 

distancee or in number of exacerbations during treatment (data not shown); SEM-values 

weree very similar (see below). Therefore the change analysis was performed on all within-

patientt differences together. All QoLRIQ-domains showed statistically significant 

improvement,, except for triggers:allergic (see table 6.2). Absolute differences ranged from 

0.499 to 1.32 on a 7-point scale. The largest differences were seen in general activities, 

sociall :activities and daily/domestic activities. SRM's of the QoLRIQ-domains ranged from 

0.466 to 0.90, reflecting moderate to large effect sizes. 46 out of 55 items showed at least 

aa small change (SRM>0.2). 

Thee size of the change score did not depend on the initial value, as shown by a correlation 

off -0.12 (p=0.2) between the QoLRIQ-total change score and the average of pre- and 

posttreatmentt QoLRIQ-total scores. 

Alll selected domains from other questionnaires improved significantly, especially emotional 
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well-beingg and self-assessed health status (see table 6.3), which showed highly significant 

changess and large effect sizes. Domain and change scores from the Rand-36 were not 

normallyy distributed. Five domains of the Rand-36 improved significantly: physical 

functioning,, role-emotional, mental health, vitality and pain (see table 6.3). The groups with 

(nn = 31) and without Rand-36 were tested for differences in QoLRIQ baseline and change 

scores.. There were no significant differences except for improvement in social:activities 

(p=0.003)) which was higher in the group without Rand-36. 

6.4.33 Longitudinal validity 

Thee change scores from all domains of the QoLRIQ, except "triggers: allergic" which did 

nott change, were significantly correlated with change in self-assessed health status {rs from 

0.377 to 0.61, all p<0.001) and with self-rated change in disease symptoms (rs from 0.20 to 

0.51,, most p<0.001) (see table 6.4). All domains, except "triggering: weather", were 

significantlyy correlated with change in experienced invalidity (rs from 0.25 to 0.42). There 

weree some smaller correlations for emotional well-being with "physical problems" 

(rs=0.33),, "general activities" (rs=0.25), "emotions" (r5=0.40) and the QoLRIQ-total score 

(rs=0.27)) (all p<0.05). Change in "emotions" was significantly correlated to change in 

anxietyy (rs=0.40, p<0.0001) and to change in depressive symptoms (rs = 0.47, p<0.0001). 

Changee in depressive symptoms was also correlated to other QoLRIQ-domains (see table 

6.4).. Change in all domains of the QoLRIQ except social relations was significantly 

correlatedd with the health change question from the Rand-36 (see table 6.5). There were 

severall moderate to high and significant correlations between change in QoLRIQ-total score 

andd change in the Rand-36-domains physical functioning, social functioning, role-physical, 

mentall health and vitality (see table 6.5); there were no significant correlations with change 

inn bodily pain, role-emotional and general health. 
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Tabl ee 6.3: Chang e in healt h statu s and psychologica l functionin g 

Domai n n 

Self-assessedd health status 

Emotionall well-being 

Experiencedd invalidity 

Anxiety y 

Depressivee symptoms 

Rand-36:: (n = 31) 

Physicall functioning 

Sociall functioning 

Role-physical l 

Role-emotional l 

Mentall health 

Vitality y 

Pain n 

Generall health 

baselin e e 
scor ee (iqr ) 

4(1) ) 

19(10) ) 

30(5) ) 

17(10) ) 

27(14) ) 

255 (35) 

44.44 (33.3) 

0(25) ) 

00 (66.7) 

522 (32) 

400 (25) 

55.11 (67.3) 

20(16) ) 

post-treatmen t t 
scor ee (iqr ) 

3(1) ) 

29(15) ) 

28(8) ) 

16(9) ) 

24(14) ) 

255 (35) 

44.44 (22.2) 

0(50) ) 

66.7(100) ) 

644 (28) 

555 (15) 

67.33 (55.1) 

288 (20) 

p-valu ee of 
chang e e 

<0.0001 1 

<0.0001 1 

0.002 2 

0.013 3 

0.006 6 

0.018 8 

0.15 5 

0.12 2 

0.002 2 

0.04 4 

<< 0.0001 

0.01 1 

0.26 6 

SRM M 

0.911 a 

0.866 d 

0.33 3 

0.20 0 

0.22 2 

0.20 0 

0.25 5 

0 0 

0.50 0 

0.50 0 

0.75 5 

0.35 5 

0.33 3 

DataData are presented as medians (interquartile range) with a non-parametric SRM, excepta: parametric 
SRM.. Score ranges: self-assessed health status: 1 (very good) to 5 (poor); emotional well-being: 
13-39,, higher=better; experienced invalidity: 11-33, lower=better; anxiety: 10-50, higher=more 
symptoms;; depressive symptoms: 16-80, higher=more symptoms; Rand 36 domains: range 0-100, 
higherr = better. 

6.4.44 Reliability of the change score 

Basedd on a pre-treatment variance of 0.81 and reliability (Cronbach's a) of 0.94; a post-

treatmentt variance of 0.96 and reliability of 0.96; and a correlation between pre- and post-

treatmentt scores of 0.54, the intraclass correlation coefficient of change in the QoLRIQ-total 

scoree was 0.90. 



132 2 chapterchapter 6 

Tablee 6.4: correlation of QoLRIQ-change scores wi th change in health status and 

psychologicall functioning 

chang ee score s self-assesse d self-rate d chang e emotiona l experience d anxiet y depressiv e 
(spearman' ss  r) healt h statu s in diseas e well-bein g invalidit y symptom s 

symptom s s 

Breathingg problems 

Physicall problems 

Emotions s 

Generall activities 

Triggers:: weather 

Daily/domestic c 
activities s 

Sociall activities 

QoLRIQ-total l 

.39*** * 

.45*** * 

4 . Q ** * * 

.54*** * 

.37*** * 

.48*** * 

A-~yA-~y  * * * 

r-ir-i  * # * 

.32* * 

.34* * 

.37* * 

* * 

** * 

** * 

. 5 1 * * * * 

.20 0 

.48* * 

.42* * 

.48* * 

* * 

** * 

** * 
** * 

.18 8 

.34* * * * 

.40*** * 

.25* * 

.12 2 

.15 5 

.17 7 

.27* * 

.31** * 

7 7 * * * * 

.42*** * 

.25* * 

.17 7 

.34** * 

.39** * 

. 4 1 * * * * 

.09 9 

.19 9 

.40 0 

.11 1 

.11 1 

.10 0 

.16 6 

.20 0 

*** * 

* * 

.11 1 

1 7 ** * * 

.47*** * 

- } ƒ " ) * * * 

.13 3 

.13 3 

.31* * 

.30** * 

** p<0.05 * * = p<0.01 ***p<0.001. 
Thee domain "triggers: allergic" was omitted because of a lack of change. 

Tabl ee 6.5: correlatio n o f QoLR I Q chang e score s wit h Rand-3 6 < 

chang ee score s 
(spearman' ss  r) 

Breathingg problems 

Physicall problems 

Emotions s 

Generall activities 

Triggers:: weather 

Daily/domestic c 
activities s 

Sociall activities 

QoLRIQ-total l 

healt h h 
chang e e 

49** * 

.35* * 

.41* * 

.45* * 

.41* * 

.54** * 

.38 8 

.54** * 

physica l l 
functio n n 

.28 8 

.25 5 

.22 2 

.66* * 

.29 9 

.51* * 

** * 

* * 

.68** * 

.52* * * * 

socia l l 
func . . 

.35 5 

.05 5 

.47** * 

.46* * 

.29 9 

.43* * 

.45 5 

.56** * 

role --
physica l l 

47** * 

.19 9 

. 6 1 * * * * 

.57** * 

.19 9 

.46* * 

.34 4 

.57*** * 

rol ee -
menta l l 

.25 5 

.23 3 

.12 2 

.29 9 

.13 3 

.11 1 

.21 1 

.25 5 

menta l l 
healt h h 

.31 1 

.19 9 

.54** * 

.56** * 

.41* * 

.42* * 

.46 6 

.55** * 

chang ee score s 

vitalit y y 

.31 1 

.18 8 

.32 2 

.46* * 

.62* * 

.38 8 

.36 6 

.52* * 

* * 

** * 

* * 

bod d 
pain n 

.08 8 

.09 9 

.09 9 

.23 3 

.06 6 

.30 0 

.18 8 

.16 6 

lyy  genera l 
healt h h 

.29 9 

.14 4 

.19 9 

.13 3 

.14 4 

.33 3 

.22 2 

.22 2 

** = p<0.05; * * = p<0.01; * **p<0.001. 
Thee domain "triggers: allergic" was omitted because of a lack of change. 
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6.4.55 Interpretation of change 

Thee mean change in QoLRIQ-total in improved and deteriorated patients was 0.93 and 

-0.077 respectively; the mean change in patients who rated themselves as unchanged was 

0.422 points (see table 6.6). This results in a MID for improvement of 0.51 points (95% CI: 

0.044 to 0.98) and a MID for deterioration of 0.49 (95% CI: -0.11 to 1.09). MIDs for the 

domainss ranged from 0.06 to 0.97 points. 

Tabl ee 6.6: Categorizin g QoLRIQ-chang e by globa l ratin g of chang e 

globa ll  ratin g of change : wors e the same improve d muc h 
diseas ee symptoms 3 improve d 

meann change (SD) in -0.07(0.67) 0.42(0.76) 0.93(0.84) 1.20(0.79) 

QoLRIQ-total l 

MIDD -0.49 +0.51 

rangee of change -1.07 to 0.81 -0.72 to 2.23 -0.53 to 3.46 -0.22 to 3.88 

95%% CI of mean -0.54 to 0.40 0.04 to 0.80 0.65 to 1.21 0.95 to 1.45 

(n(n = W) (n = 18) (n=37) (n = 40) 

** Category "much worse" with oniy 2 patients was omitted; MID= minimal important difference 

Testingg the hypotheses about the validity of retrospective assessment of change showed that 

thee mean change in the 'unchanged' group had a large 95% confidence interval and was 

significantlyy different from zero (p<0.05). The retrospective rating of change in disease 

symptomss was significantly correlated to the post-treatment QoLRIQ-total score (rs = 0.55, 

p<0.0001)) and to post-treatment self-assessed health status (rs=0.51, p<0.0001) but not 

too the pre-treatment QoLRIQ-total score (rs=0.15, p=0.13) and pre-treatment self-assessed 

healthh status , p=0.06). The comparison of effect sizes for retrospective assessment 

andd serial assessment of change showed that the SRM-retrospective was 1.95 and SRM-

seriall 0.89. The difference between these SRM's was significant (p<0.0001, 95% CI of 

difference:: 0.86 to 1.24). The crude percentage agreement in the contingency table was 

39.3%.. The McNemar test of the probability that one measure gives higher scores than the 

otherr was significant (p<0.05). The retrospective question from the Rand-36 about health 

changee had a SRMnp of 1.0 while the Rand-36 domains (except vitality) had SRMnp's of 

0.22 to 0.5. 

Forr computation of the standard error of the mean (SEM), the internal consistency is 

needed.. The internal consistency ranged from 0.78 for 'physical problems' and 'triggering 

situations'' to 0.94 for the QolRIQ-total score (see table 6.2). The SEM for the domains 

rangedd from 0.4 points for 'daily/domestic activities' to 0.65 for 'general activities', with a 

meann of 0.49 points (see table 6.2). The SEM for the QoLRIQ-total score had a value of 
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0.222 points. SEM-values did not differ between the groups with asthma and COPD. 

Computationn of the size of a MID from the ES-benchmarks and the pre-treatment SD of the 

QoLRIQ-totall score gave MID-valuesof 0.18 points for a small ES (0.2) and 0.45 points for 

aa moderate ES (0.5). For the QoLRIQ-domains, the value for a MID ranged from 0.2 to 0.33 

pointss for a small ES and from 0.51 to 0.82 points for a moderate ES. 

Categorizingg change in the QoLRIQ-total score by one-unit changes in self-assessed health 

statuss gave an MID for improvement of 0.37 and MID for deterioration of 0.64 (see table 

6.7).. The group of patients with no change in self-assessed health status showed a mean 

changee in QoLRIQ-total score of 0.34, which is significantly different from zero (p=0.008). 

Tabl ee 6.7: Categorizin g QoLRIQ-chang e by chang e in self-assesse d healt h statu s 

chang ee in self-assesse d 
healt hh status 3 

meann change (SD) in 
QoLRIQ-total l 

"'' Categories +4 and -2, each 

-1 1 

-0.33 (0.54) 

(n(n = 6) 

withh only one 

0 0 

0.344 (0.64) 

(n(n = 29) 

1 1 

0.711 (0.67) 

(n(n = 36) 

patient,, were omitted 

2 2 

1.37(0.96) ) 

(n(n = 25) 

3 3 

1.89(0.77) ) 

(n(n = 9) 

6.55 Discussio n 

Wee have assessed the longitudinal measurement properties of the Quality of Life for 

Respiratoryy Illness Questionnaire [1 ], a disease-specific questionnaire for HRQL, using the 

guideliness proposed by Terwee et a/ [6]. The study group consisted of both patients with 

asthmaa and patients with COPD who completed an inpatient pulmonary rehabilitation 

program.. Diagnosis, MRC-dyspnea score and self-assessed health status showed that most 

off these patients were severely limited. All domains of the QoLRIQ showed statistically 

significantt changes, with moderate to large effect sizes, except for the subdomain 'triggers: 

allergic'' which had a large baseline floor effect. The QoLRIQ seems to be very sensitive to 

change:: most items showed at least a small change, which makes a restricted version[30] 

unnecessary.. As expected, domains representing daily functioning {'general activities', 

'daily/domesticc activities' and 'social: activities') showed the largest absolute improvement. 

Thiss improvement resembles the high impairment patients' report in this area and the 

treatmentt focus on improving daily functioning. The observed changes were highly 

correlatedd with related measures of function such as change in self-assessed health status 

andd self-rated change in disease symptoms. There were lower correlations with change in 

experiencedd invalidity. As expected, the "emotions" domain correlated good with change 

inn anxiety and depressive symptoms as assessed with the SCL-90 and with change in 
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emotionall well-being assessed with the MPQL. QoLRIQ-change scores were also significant 

correlatedd to change in several Rand-36 domains, especially with the health change 

question.. The reliabilility of the change score, assessed with the intraclass correlation 

coefficientt of change in the QoLRIQ-total score, was high. 

Wee selected the SRM as the most appropiate effect size statistic in this study, because it 

accountss for the variation in change by usingthe standard deviation of the observed change 

[8;36].. There are variants of the effect size which use the standard deviation of stable 

subjects.. We had serious doubt that the patients who rated their disease symptoms as "the 

same"" in this study were truly unchanged: their mean QoLRIQ-total change score was 

significantlyy different from zero. Therefore the responsiveness ratio by Guyatt [37] (which 

usess the standard deviation of difference scores in stable subjects) or the calibrated 

responsivenesss ratio [29] (which uses the difference in change between self-rated clinically 

improvedd and stable subjects, divided by the standard deviation of stable subjects) could 

nott be used. 

6.5.11 Interpretation of change 

Thee minimal important difference or MID was assessed with both anchor-based and 

distribution-basedd methods [7;38]: from retrospective assessment of change in disease 

symptoms,, from change in self-assessed health status, by computation of the standard error 

off the mean (SEM) and from the ES-benchmarks. The 'retrospective' method gave a MID 

forr the QoLRIQ-total score of 0.5 point in both positive and negative direction, although 

thee range and 95% CI of the mean change in each category of self-rated change were wide 

andd the MIDs for the domains ranged from 0 to 1 point. Categorizing by change in self-

assessedd health status gave positive and negative MID's for the QoLRIQ-total score of 0.4 

andd 0.6 respectively. The mean SEM-values for the QoLRIQ-domains was similar to the 

retrospectivee MID. The SEM for the QoLRIQ-total score was much smaller, which is caused 

byy the larger number of items used to compute the QoLRIQ-total score, resulting in a much 

smallerr standard deviation and a high reliability. Using a moderate effect size gave MIDs 

quitee similar to the SEM-based MIDs. So, 0.5 seems the best point estimate for the MID, 

withinn a range from 0.4 to 0.6. 

6.5.22 Retrospective MID 

Ourr results regarding the size of the retrospectively computed minimal important 

differencess (MIDs) were to some extent similar to the findings of Jaeschke et a/ [32] and 

Juniperr et a/ [33]. They used a global rating of change question with a 15-point Likert scale 

too assess the MID for the Chronic Respiratory Questionnaire (CRQ), Chronic Heart 

Questionnairee (CHQ) and Asthma Quality of Life Questionnaire (AQLQ). For all three 

questionnairess a change of 0.5 points may be considered as the MID [32;33]. As an 
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example,, in the Juniper study on the AQLQ patients who rated themselves as the same 

changedd 0.11 points, while patients who improved or deteriorated a little/somewhat 

changedd 0.41 resp. -0.62 points [33]. Similar values were found for the CRQ and CHQ 

[32].. We also found an anchor-based MID of 0.5 for the QoLRIQ-total score, but a) the 

meann change in patients with rating 'the same' was significantly different from zero and 

identicall to the mean change in 'improved' patients in the Juniper study, and b) the MIDs 

forr the domains varied between 0 and 1 unit. There are several possible explanations why 

ourr findings differ. First, we used a 5-point response scale for the global rating of change 

question.. The results of this scale may differ from the 15-point scale used in the studies by 

Jaeschkee and Juniper, although their scale was abbreviated to a 7-point scale. Second, our 

retrospectivee question about change in disease symptoms is not specific, which may explain 

thee large variation in MIDs for the domains: overall change in disease symptoms is not likely 

too be similar to change in a specific domain. Third, differences in study group, time frame 

andd intervention may explain some variation. Our study group consisted mostly of patients 

withh severe asthma or severe COPD who completed 3 to 6 months of inpatient treatment. 

Thee Juniper study used patients with symptomatic asthma, doing three assessments in an 

8-weekk period, without intervention. However, our results also differ from the study by 

Jaeschke,, who combined patients from pulmonary rehabilitation and trials on salbutamol 

andd digoxin. 

Wee think that the long duration of our IPR-program introduces recollection error, which 

threatenss the validity of the retrospective assessments [39]. Furthermore, the treatment 

probablyy causes response shift [40] by actively intervening in mechanisms for coping with 

diseasee and thereby modifying the internal standards, values or conceptualisation of HRQL 

off a patient. 

6.5.33 Validity of retrospective assessment of change 

Wee studied the validity of retrospective assessment of change because some authors state 

thatt patients are unable to recall their initial health status [9; 10]. Our results confirmedd this 

statement:: the retrospective change question was indeed significantly correlated to the post-

treatmentt scores for QoLRIQ-total and self-assessed health status but not to the pre-

treatmentt scores. 

Fischerr et al [11 ] showed that the retrospective assessment of change is significantly higher 

thann the serial assessment of change (pre-treatment minus post-treatment scores). Their 

observationss were in detail confirmed in our study. There was a large difference in 

sensitivityy to change: the retrospective SRMs were double the size of the serial SRMs. The 

contingencyy tabel showed a very similar crude agreement, while the McNemar test on the 

contingencyy table was also significant. This means that retrospective assessment of change 

resultss in significantly higher change scores than serial assessment, which was also found by 
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Normann et al [10]. We agree with Fischer and coworkers that retrospective assessment of 

changee is different from (and complementary to) serial assessment of change in quality of 

life.. However, these findings implicate that the global rating of change method for 

determiningg MIDs is not valid, at least not in this study. Despite the lack of validity, we 

foundd a MID of 0.5 points (although only for the total score), which is similar to the MID 

forr the CRQ and AQLQ. 

6.5.44 Alternative computation of MID 

Recentlyy Wyrwich et al. validated the standard error of measurement (SEM) as a criterion 

forr meaningful intra-individual changes in three chronic disease quality of life measures 

[12-14].. The SEM has two useful properties: it is sample-independent and it is expressed 

inn the original metric of the instrument[12]. They concluded that a one-SEM change 

correspondedd well to the anchor-based MID standards for domains from the CRQ, CHQ 

andd AQLQ: 0.5 points on a 7-point response scale. The SEM-values for the QoLRIQ-

domains,, with a mean of 0.49 points, are very similar to the SEM-value proposed by 

Wyrwich.. This is the fourth study that supports the value of the SEM-criterion of 0.5 points 

forr quality of life-domains with a 7-point response scale. However, a clinical validation of 

thee 0.5 MID value for the QoLRIQ is still necessary. Although the retrospective anchor-

basedd method did give the same value, the apparent lack of validity of retrospective 

assessmentt makes its contribution doubtful. 

Becausee the SEM-values for the QoLRIQ-domains lie closely around 0.5 points, it seems 

sensiblee to use this value also for the total score. Its lower SEM-value may however imply 

thatt the QoLRIQ-total score is sensitive to very small changes in quality of life. This also 

showss from the small MID for the QoLRIQ-total score when computed from the small ES-

benchmark.. We do however not think that a small ESorthe accompanying absolute change 

off about 0.20 points resembles a clinically relevant change after an intensive treatment like 

pulmonaryy rehabilitation. 

6.5.55 Other HRQL-measures in asthma and COPD 

Thee longitudinal measurement properties of other disease-specific and generic QoL-

questionnairess used for patients with asthma or COPD have been assessed mostly by the 

abilityy to detect statistically significant changes and by the longitudinal validity [30;41 -48]. 

Thee size of MIDs has been assessed only in some instruments. For the CRQ and AQLQ-

Juniperr the global rating of change method as described above was used. This resulted in 

thresholdss of 0.5 (small change), 1.0 (moderate change) and 1.5 points (large change) on 

aa 7-point response scale. The MID of 0.5 points for for 7-point scales was confirmed in a 

studyy by Redelmeier et al on the CRQ which used patients' interpersonal judgment of 

changee [49] and in studies of Wyrwich et al on the size of the SEM-criterion[12-14]. 
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Multiplee regression analysis on physician- and nurse-derived hypothetical clinically relevant 

differencess in wheeze, cough, 6-minute walking distance, dyspnea and depression was used 

too assess the MID of the St George's Respiratory Questionnaire [50]. A change of 4 units on 

aa 100-unit scale indicated a clinically significant difference, which has been confirmed by 

patientt and physician estimates of treatment efficacy [51]. The size of MIDs of other 

respiratoryy questionnaires have not been reported. Because we did not compare our 

questionnairee to other respiratory HRQL-questionnaires, we can not conclude if the 

QoLRIQQ performs better or worse than other questionnaires. The good cross-sectional [1 ;2] 

andd longitudinal measurement properties, the ease of scoring and the current development 

off a short version for monitoring, make the QoLRIQ a good candidate for use in both 

clinicall practice and research settings. 

6.5.66 Limitations 

Theree are some limitations to this study. We did not include patients with less severe 

asthmaa or COPD (general practice, outpatient clinic, outpatient pulmonary rehabilitation), 

soo the question remains if the QoLRIQ has good longitudinal measurement properties in 

lesss severely ill patients. The low level of impairment measured in primary care patients [2] 

mayy impede the detection of improvement, although Terwee e£ a/suggested that the MID 

iss not a fixed property of an instrument and that less intensive treatments may have a 

smallerr MID [52]. 

Wee did not control for multiple comparisons in the part on longitudinal validity. Because 

off the small number of patients completing the Rand-36, we left the level of significance at 

0.05,, because correlations can not be expected to be significant at a more stringent level 

withh only 31 patients. However, our conclusion that the longitudinal validity of the QoLRIQ 

iss good, does not change when applying a far more stringent level of 0.001, because a 

considerablee amount of correlations are still significant at that level. 

6.66 Conclusio n 

Inn conclusion, we have shown that the QoLRIQ is sensitive to change, has a good 

longitudinall valididity and reliability, and has a MID of 0.5 points (with a range from 0.4 to 

0.6)) in pulmonary rehabilitation for patients with moderate to severe asthma or COPD. The 

methodd of computing MID's with global rating of change questions was not valid in this 

studyy because the retrospective assessment of change was significantly correlated to post-

treatmentt health status and significantly higher than serial assessment of change. The SEM-

valuee of 0.5 points as a threshold for meaningful change (MID) in domains of questionnaires 

withh a 7-point response scale was confirmed in this study. These results enable the use of 
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thee QoLRIQ as an outcome measure in clinical trials with patients with moderate to severe 

asthmaa or COPD. The longitudinal measurement properties in less severe patients still need 

too be studied. 
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7.11 Abstrac t 

Purpose:Purpose: Assessment of the patient's view of outcome should complement standardized 

evaluationn methods, especially in multi-intervention rehabilitation programmes. Assessment 

off individualized outcomes has not been used previously in pulmonary rehabilitation 

studies.. Therefore we developed a method for assessing the patient's view of outcome. 

Methods:Methods: Patients and their therapists scored the subjective attainment level of 

individualizedd treatment goals on a six-point response scale. Mean attainment scores, 

sensitivityy to change, reliability and validity were computed. 

Results:Results: 79 patients (20 with asthma and 59 with chronic obstructive pulmonary disease) 

whoo participated in an inpatient pulmonary rehabilitation program had 540 treatment goals 

(rangee 2-12 goals per patient). The patients had a significantly higher median attainment 

scoree than the main therapists (5 versus 4, n = 286, p<0.0001). Sensitivity to change of the 

attainmentt scores from patients was very high. The patients (n = 42) had a standardized 

responsee mean of 3.57 for the attainment scores, as compared to 1.01 for the total score 

off the Quality of Life for Respiratory Illness Questionnaire. Attainment scores of treatment 

goalss with at least 10 occurrences were significantly correlated with closely related external 

outcomes.. Inter-rater agreements between patients and therapists as well as among 

therapistss were low (weighted kappa <0.35). 

Conclusions:Conclusions: The patient's view was used to describe the outcome of inpatient pulmonary 

rehabilitation.. Attainment scoring has a high sensitivity to change and a satisfying validity. 

Thee low reliability between the individual's point of view and that of the therapist 

necessitatee a clear description of the different levels of expected outcome. The 

individualizedd goal attainment method seems a promising complementary way of evaluating 

pulmonaryy rehabilitation 

7.22 Introductio n 

Patientss with asthma or chronic obstructive pulmonary disease (COPD) often experience 

severee disabilities and handicaps despite optimal medical treatment. Outpatient pulmonary 

rehabilitationn has proven to be an effective treatment in most of these patients [1 ]. Standard 

treatmentt programmes are however not sufficient in severely impaired patients [2] who 

havee an unstable disease pattern and/or a high burden of disease, characterized by frequent 

hospitalization,, a high medication usage, somatic comorbidity and / or severe 

deconditioning.. The somatic severity is often complicated by psychosocial problems such 

ass anxiety, depression, relational and/or occupational problems. Standardized programmes, 

suchh as most outpatient and home rehabilitation programmes [3-6], may not meet all the 
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needss of severely ill patients [7]. A multidisciplinary inpatient pulmonary rehabilitation 

programm (IPR) with treatment goals taylored to the individual and specific problems of a 

patientt may be necessary. However, a multidisciplinary treatment programme consisting 

off several simultaneous interventions to address the multiple problems of a patient brings 

aboutt a major problem with usual outcome assessment. 

Thee usual set of outcome measures for studies on pulmonary rehabilitation consists of 

standardizedd questionnaires and function tests. Standardized outcome measures have the 

followingg major advantages. They represent the most common disabilities and impairments, 

havee been tested for reliability and validity, are suitable for large groups of patients, and 

alloww comparison across studies. Although this approach may work well with standard 

treatmentt programmes for well-defined patient groups, it has some important 

disadvantages.. Standardized outcome measures do not allow for the large variation in 

problemss of individual patients and for differences in importance of these problems [8]. 

Mostt outcome variables address common problems, but they neither represent the specific 

problemss experienced by an individual patient nor the specific intervention addressing that 

problem.. This may cause misinterpretation of treatment results, both on the level of 

individuall patients and on the level of program assessment. Therefore we think that 

outcomee assessment in pulmonary rehabilitation may be improved by looking at the 

individuall goals of a patient and how the interventions have helped to attain these goals. 

Ass an alternative to measuring outcome with standard tests and questionnaires, we tried to 

capturee the patient's view of outcome, by asking them to give a subjective assessment of 

thee level of attainment of the individualized treatment goals they aimed to achieve during 

thee IPR treatment. The therapists from the multi-intervention IPR were asked to give a 

similarr assessment for their treatment goals. This assessment was developed as part of a shift 

fromm a therapist-centered approach to a more patient-centered approach. In the therapist-

centeredd approach, the therapist set the goal and gave the appropriate treatment to the 

patient,, with each therapist having a separate agreement with the patient about which goals 

weree important to attain. The new method implies a shift to a patient-centered approach 

inn which the patient is actively involved in setting, prioritizing and assessing his or her own 

treatmentt goals, all in consultation with the treatment team. This important shift in 

paradigmm should ensure comprehension of the content and rationale of the treatment given 

andd should motivate the patient to participate more actively in the treatment (a key factor 

forr success [7;9]) instead of merely "doing what the doctor told you". The patient's 

participationn in assessing the intermediate and final treatment results may enhance 

motivationn to comply with the treatment. An additional influence on the shift to a patient-

centeredd approach was the recent Dutch Medical Treatment Contracts Act [1995], which 

orderss caretakers to obtain full informed consent of the patient for the proposed treatment. 
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AA patient should comprehend the treatment goals and approve of them. This is achieved 

byy the patient's active involvement in goal setting. This study contains a new and 

complementaryy method of evaluating IPRand is part of an comprehensive evaluation study 

thatt includes all traditional methods of evaluation. Full details about the 'traditional' short-

andd longterm outcome of IPR in patients with asthma and COPD are described in chapters 

22 and 3 of this dissertation. 

Thiss paper describes the outcome of IPR as viewed by individualized outcome 

measurementt and can be considered a new and complementary method for evaluating 

pulmonaryy rehabilitation. 

7373 Methods 

7.3.11 Patients 

Thee participants in this study were 79 patients with moderate to severe asthma (n = 20) or 

COPDD (n = 59) referred for inpatient pulmonary rehabilitation at Asthmacentre 

Heideheuvel.. The main reasons for referral are an unstable disease pattern and/or a high 

burdenn of disease, characterized by frequent hospitalization, recurring exacerbations, high 

medicationn usage and/or somatic or psychosocial comorbidity. 

Patientss were included consecutively from March 1997 to December 1998. Patients who 

didd not complete the IPR or did not speak Dutch were excluded from the study. Diagnosis 

includingg assessment of disease severity was done by a pulmonologist according to criteria 

fromm the European Respiratory Society [10]. All patients gave written informed consent and 

thee study protocol was approved by the institutional medical ethics committee. 

7.3.22 Individualized treatment goals 

Thee inpatient programme aims to improve function and quality of daily life. Because 

patientss with severe chronic asthma often experience similar problems as patients with 

COPDD (deconditioing, high symptom burden, inadequate disease behaviour, 

hospitalizations,, high medication usage), the IPR programme is open to both types of 

patients.. The standardised programme with individual adaptations consists of several clinical 

andd psychosocial aspects [7;11 ]: 

•• optimization of the medication regimen; education on disease pathophysiology, on 

thee effect of medication, on correct use and inhalation technique of medication 

(educationn varying from 1 hour/week for all patients to 2-3 hours/week for patients 

needingg extensive help with use of their medication); 
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•• training of adequate disease behaviour and self-management skills, including an 

individualizedd 'what to do' list to prevent exacerbations when lung function 

decreasess or symptoms increase; 

•• extensive psychosocial counselling (1 to 4 hours/week) including assertiveness 

trainingg and cognitive-emotive therapy; 

•• chest physiotherapy and breathing exercises; ; 

•• exercise training with varying intensity depending on the individual tolerance: 

exercisee training consisted of diverse upper and lower extremity exercises, ranging 

fromm three 30 minute, low intensity sessions a week for patients with very severe 

COPD,, to five 45' to 60-minute sessions moderate to high intensity sessions a week 

forr better patients. 

Thee duration of the IPR ranges from 3 to 6 months, depending on the specific problems and 

treatmentt goals of a patient. Because of the large variation in individual problems and the 

essentiall role of motivation in pulmonary rehabilitation [7], individualized treatment goals 

aree formulated by the multidisciplinary treatment team in consultation with the patient. 

Afterr a one-week multidisciplinary diagnostic phase, an extensive integrated description of 

thee specific problems of the patient is constructed. Individualized treatment goals, based 

onn this problem description, are formulated by the treatment team in consultation with the 

patient.. These treatment goals are expressed in words familiar to the patient to ensure 

comprehensionn of content and maximal motivation. The multidisciplinary treatment team 

consistss of a pulmonologist, respiratory nurse, psychologist, physiotherapist, exercise 

therapist,, dietician, social worker, therapeutic recreation specialist and occupational 

therapist. . 

Exampless of individual treatment goals are as follows: 

•• I want to learn what I should do to be less short of breath: by learning what happens 

whenn I get short of breath; be feeling and recognizing what my body does; by 

learningg how to do daily things without getting short of breath; 

•• I want to move in such a way that I can easily keep on breathing; 

•• I want to learn my own limits when exercising and learn to take these limits into 

accountt when doing my daily activities; 

•• I want to describe the goals of this treatment to my partner; learning to be more 

openn about my feelings and learning to listen more carefully to my partner; 

•• I want to learn to clearly describe my physical situation to others and to come out 

withh possible solutions; 

•• I want to increase my knowledge about medications, so I know how to use them and 

whatt they are meant for; 
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•• I want to learn to use breathing exercises to intercept shortness of breath so I am able 

too use a good breathing pattern during both rest and exercise; 

•• I want to accept that I'm OK the way I am, that I'm allowed to make mistakes, that 

II can say NO (and may be naughty); 

•• I want to work out together with my wife which physical activities I still can do at 

home; ; 

•• I want to increase my physical condition so I will remain able to live independently; 

•• search for adapted housing suitable for electric scooter; 

•• I want to attain a balance between activities and physical condition, by using a 

weeklyy programme; 

•• I want to recognize my limits and act accordingly, instead of increasing medication; 

Categoriess of individualized treatment goals are placed in the appendix. 

Thee treatment progress of a patient is evaluated every six weeks by the multidisciplinary 

treatmentt team. In this study, assessment of whether the individualized treatment goals 

weree atained was accomplished preceding this evaluation. Attainment of a treatment goal 

waswas scored by the patient (patient attainment score), by the therapist responsible for that 

treatmentt goal (main therapist attainment score) and by therapists, if any, co-operating on 

thatt treatment goal (cotherapist attainment score). The therapists assessed only the 

treatmentt goals in which they were involved. The main therapist for a treatment goal was 

determinedd by the content of the goal. For example, the respiratory nurse would be the 

mainn therapist for a treatment goal on correct use of medication. A treatment goal on self-

pacingg would be a cooperation between the exercise therapist, the physiotherapist and the 

respiratoryy nurse, one of which would be the main therapist depending on the situation of 

thee patient. For most patients, it would be the exercise therapist, whereas for a patient in 

thee intensive treatment facility, it would be the respiratory nurse. In addition to the normal 

exercisee training, some patients had an explicit treatment goal of improved exercise 

tolerance,, which meant higher intensity training and more support from the exercise 

therapistt than in normal training. 

Attainmentt scoring was done for each treatment goal by asking on a six-point response scale 

iff the patient did attain that goal: not at all (1), barely (2), a bit (3), partly (4), largely (5), 

completelyy (6). A treatment goal was considered successful with a score of 5 or 6; a goal 

withh a score of 3 or 4 was considered partially successful. Only the last attainment score of 

eachh treatment goal was used. Treatment goals were assessed throughout the treatment 

period,, at least once, with four times being the maximum. When a treatment goal was 

successfullyy reached, a new treatment goal (from the treatment contract, based on the 

extensivee diagnostic description) was started. A treatment goal without improvement would 

bee changed and reformulated by team and patient. 
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7.3.33 Standard outcome assessment 

Off the 79 patients in the study, 42 patients also participated in an outcome study on 

inpatientt pulmonary rehabilitation. Change scores from standardized questionnaires and 

functionn tests were used to assess the responsiveness and the longitudinal validity of 

attainmentt scoring. Pre-treatment assessments were performed in the diagnostic week 

precedingg the inpatient pulmonary rehabilitation programme. Post-treatment data were 

collectedd in the week before discharge. The following external outcome measures were 

selected.. Disease-specific health-related quality of life was measured with the Quality of 

Lifee for Respiratory Illness Questionnaire (QoLRIQ), which is designed for both patients with 

asthmaa and patients with COPD [12] This self-report questionnaire can be completed in 

approximatelyy 15 minutes and consists of 55 items divided into seven domains: breathing 

problems,, physical problems, emotions, situations triggering or enhancing breathing 

problems,, general activities, daily and domestic activities, and social activities, relationships 

andd sexuality. The QoLRIQ uses a 7-point response scale; a higher score represents more 

impairment.. The minimal important difference (MID) of the QoLRIQ has been estimated 

att 0.5 units (see chapter 6 of this dissertation). The QoLRIQ discriminates between levels 

off severity [13]. The Medical Psychological Questionnaire for Lung Patients (MPQL) [14] 

wass used to assess emotional well-being (13 items) and experienced invalidity (11 items). 

Thiss questionnaire uses a 3-point response scale and can be completed in 10 to 15 minutes. 

Thee MID is unknown. Functional exercise tolerance was measured with a six minute 

walkingg test [15]. This test was not encouraged, as not to interfere with self-pacing. 

Thereforee the MID was set at 30m (as compared to the MID of 54 m for encouraged walk 

testss [16]). 

Att discharge a set of retrospective "global rating of change" questions was added. Patients 

weree asked to rate self-perceived change on a 5-point response scale with the following 

rangee of choices: "much improved - improved - the same - worse - much worse". Self-

ratingss were requested for disease symptoms, exercise tolerance, disease knowledge, 

knowledgee of correct medication use, performance of activities of daily living, performance 

off social activities and leisure activities. 

7.3.44 Statistical analysis 

Descriptivee statistics (medians and interquartile ranges, missing data) were computed for 

thee attainment scores by patients, main therapists and co-therapists. Percentages of goals 

attainedd successfully and partially successful were also computed. Differences in the level 

off attainment between patients and therapists was tested with the Wilcoxon matched pairs 

testt [17]. 

Thee statistical significance of pre-post treatment change was assessed with dependent t-

tests,, while the clinical relevance was assessed by computing the proportion of patients 
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improvingg (P[l]) or deteriorating (P[D]), that is, with a change score above the MID [18] and 

byy computing a variant of the effect size, the standardized response mean (SRM) [19]. The 

SRMM is interpreted as an effect size: 0.2 represent a small relevant change, 0.5 is a 

moderatee change and 0.8 or higher represents a large change [20]. 

Thee sensitivity to change was assessed by computing the SRM and the relative efficiency. 

Firstt a mean attainment score was computed for each patient from all goals scored by that 

patientt ('mean attainment score'). Then the SRM was computed by dividing the overall 

meann of the mean attainment scores by its standard deviation. The SRM of the QoLRIQ was 

computedd by dividing the mean difference between pre- and posttest scores by the 

standardd deviation of that difference. The SRM was preferred above the better-known effect 

sizee because attainment scores have no baseline standard deviation, which is required for 

thee effect size. 

Thee relative efficiency of attainment scoring in measuring change was computed with the 

QoLRIQ-totall score as the standard. Relative efficiency was calculated as: 

( ff mean attainment score I l QoLRiQ-totai scorf  A score of more than 1.00 means the alternative method 

iss more efficient than the standard in measuring change [21]. 

Reliabilityy of attainment scoring was assessed in two ways: with the inter-rater agreement 

betweenn the main therapist and the co-therapists, and with the inter-rater agreement 

betweenn the patient and the main therapist. Inter-rater agreement was computed with the 

weightedd kappa, which should be above 0.8 (range 0—1) for good reliability [1 7], although 

aa lower value was expected for the patient-therapist agreement. Spearman correlation 

coefficientss between the scores of patients, therapists and co-therapists were also 

computed. . 

Thee longitudinal validity of attainment scoring was assessed by correlating patient 

attainmentt scores of treatment goals with change in related external outcome measures, 

usingg Spearman correlation coefficients. First, an overall correlation was computed between 

thee mean attainment score and the change in QoLRIQ-total score of each patient. Second, 

wee selected the treatment goals with at least 10 scores and for which a related external 

outcomee measure was available. Treatment goals with a similar content were grouped if 

thatt was necessary to get enough scores. The selection proceeded as follows. The treatment 

goall of coping with emotions was correlated with change in emotional well-being, change 

inn experienced invalidity and change in the QoLRIQ emotions domain. Treatment goals of 

diseasee education (knowledge about medication, correct use of medication) were 

correlatedd with matching questions on self-perceived change. The combined treatment 

goalss on social functioning were correlated with change in the QoLRIQ-domains 'general 

activities'' and 'social activities'; and with self-perceived changes in performing leisure 

activitiess and taking on activities. Improvement of exercise tolerance was correlated with 
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changee in distance walked during the six minute walking test and with self-perceived 

changee in exercise tolerance. The treatment goal of improvement of functioning in activities 

off daily life was correlated to changes in the QoLRIQ-domains 'daily and domestic activities' 

andd 'general activities' and to self-perceived change in performing daily activities. No 

externall outcome measure was available for several treatment goals with 10 or more 

occurrences:: coping with shortness of breath, improvement of self-pacing, breathing 

retraining,, recognition of symptoms and body signals, learning the boundaries or limits of 

movementt {preventing shortness of breath and exhaustion), balancing tension and 

relaxation,, improving communication and/or cooperation between patient and caregivers 

(includingg correct and timely presentation of symptoms), improving communication 

betweenn patient and surroundings, improvement of feeding pattern, increasing self-

confidence,, coping with anxiety, using a what to do'-list to prevent exacerbations when 

symptomss increase. 

7.44 Result s 

Generall characteristics of the patients are given in table 1. The 79 patients in this study had 

aa total of 540 individualized treatment goals, range 2 to 12 goals per patient. Altogether, 

700 different treatment goals could be identified. As shown in table 2, 286 goals were scored 

byy both the patient and the main therapist. The patient attainment score was missing for 

522 goals, mostly because a descriptive evaluation was given. In comparison, 202 therapist 

attainmentt scores were missing, mostly those of pulmonologists, psychologists and nurses. 

Thee main reason given by therapists for missing scores was lack of time. The patients had 

aa significantly higher median attainment score than the main therapist (5 versus 4, n = 286, 

p<0.0001).. The median attainment scores from patient or therapist did not differ between 

thee groups with and without external outcome measures. Most goals were successfully 

attainedd {60% with score 5 or 6) according to the patients, who were more positive than 

thee main therapists (45%) and the co-therapists (43%). During the study, 68 patients had 

onee or more goals related to shortness of breath (median attainment score 5); 38 patients 

hadd goals for improvement of exercise tolerance (median attainment score 5); 45 had goals 

forr psychosocial functioning (median attainment score 5) and 36 patients had educational 

goalss (median attainment score 5.5). 
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Tabl ee 7.1: genera l characteristic s 

asthm a a COPD D 

totall patients (N) 

genderr (male / female) 

agee (years) 

FEV,, (L) 

FEV,, % predicted 

patientss with hospital admission 
inn year pre-IPR (N and % of total patients) 

dayss in hospital in year pre-IPR 

20 0 

5 /15 5 

52.77 (sd 14.7) 

1.955 (sd0.91) 

68.22 (sd 19.8) 

111 ( = 55%) 

377 (iqr 69) 

59 9 

2 5 / 3 4 4 

62.44 (sd 8.5) 

0.899 (sd 0.35) 

34.11 (sd 11.9) 

244 (=41%) 

333 (iqr 48) 

meann with standard deviation (sd) or median with interquartile range (iqr); FEV1 = forced expiratory 
volumee in 1 second; IPR= inpatient pulmonary rehabilitation 

Tabl ee 7.2: treatmen t goal s and attainmen t score s 

assesso r r 

patient t 

mainn therapist 

co-therapist t 

tota l l 
goals s 

score d d 

488 8 

286 6 

58 8 

media n n 
attainmen t t 

scor e e 

55 (iqr 1) 

44 (iqr 2) 

44 (iqr 2) 

success s 
(scoree 5 

59.8 8 

44.5 5 

43.1 1 

%% goals successfull y 

partial l 
orr 6) (score 3 or 4) 

31.2 2 

42.2 2 

44.8 8 

attaine d d 

noo success 
(scoree 1 or 2) 

9.0 0 

13.3 3 

12.1 1 

Rangee of attainment scores: 1 = not at all, 6 = completely; iqr = interquartile range 

Analysiss of change from pretreatment to posttreatment in external outcome measures for 

422 patients showed significant improvements in all QoLRIQ-domains and emotional well-

beingg (Table 3), but not in experienced invalidity or six minute walking distance. The mean 

scoree for emotional well-being improved from 'unfavourable' to 'average'. Patients 

improvedd more than the Ml Dof 0.5 units in all QoLRIQ-domains. Ratings for self-perceived 

changee varied from 48% improved/much improved for doing leisure activities to 88% - 98% 

improved/muchh improved for knowledge of medication, knowledge of correct medication 

usee and disease knowledge. 
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Tabl ee 7.3: pre/posttreatmen t chang e (n=42) 

domai nn pre- chang e p(l ) p(D) p-valu e SRM 

QoLRIQ-total l 

breathingg problems 

physicall problems 

emotions s 

generall activities 

triggeringg situations 

dailyy activities 

sociall activities 

MPQL-emotionall well-being 

MPQL-experiencedd invalidity 

6-minutee walking distance (m) 

treatmen t t 
scor ee (sd) 

4.0(1.0) ) 

3.6(1.3) ) 

3.4(1.0) ) 

3.6(1.4) ) 

4.44 (1.5) 

3.55 (1.1) 

4.4(1.3) ) 

4.4(1.8) ) 

20.11 (6.9) 

29.55 (3.1) 

2999 (124) 

scor e e 

0.88 8 

0.73 3 

0.76 6 

0.85 5 

1.51 1 

0.67 7 

0.83 3 

0.67 7 

8.0 0 

-1.3 3 

10 0 

65% % 

48% % 

58% % 

56% % 

80% % 

59% % 

66% % 

56% % 

--

--

39% % 

5% % 

12% % 

5% % 

3% % 

7% % 

10% % 

11% % 

30% % 

--

--

39% % 

chang e e 

<0.0001 1 

0.006 6 

0.0002 2 

<0.0001 1 

<0.001 1 

0.002 0.002 

0.0006 6 

0.04 4 

<0.0001 1 

0.1 1 

0.5 5 

1.01 1 

0.56 6 

0.79 9 

0.79 9 

0.96 6 

0.75 5 

0.81 1 

0.42 2 

0.75 5 

0.26 6 

0.1 1 

QoLRIQQ range: 1 — not at all, 7 = very severe. MPQL: emotional well4jeing: higher score = better, 
rangee 1 3 to 39; experienced invalidity: lower score = better, range 33 to 11. 
p(l),, p(D): proportion of patients improving / deteriorating, i.e. change score above MID (QoLRIQ: 
0.55 units; 6MWD: 30m; MPQL: unknown). SRM = standardized response mean 

Patientss with a treatment goal on improvement of exercise tolerance and a 6-minute 

walkingg test before and after treatment (n=1 7) had a non-significant mean improvement 

off 6.7 m in walking distance, accompanied by significant improvements in minimal oxygen 

saturationn during the walking test (92.8% to 94%, p=0.009), perceived exertion {4.1 to 3.1 

onn the modified Borg-scale, p=0.01) and perceived dyspnea (4.1 to 3.1 on the modified 

Borg-scale,, p = 0.01). 

Thee sensitivity to change was assessed by computing the standardized response mean and 

thee relative efficiency. The SRM of attainment scoring was 3.57, which is much higher than 

thee already large SRM of the QoLRIQ: 1.01 (n=42). The relative efficiency of measuring 

changee with attainment scoring versus the QoLRIQ was 10.2. 

Thee agreement (weighted kappa) between attainment scores from the main therapist and 

thee co-therapist was 0.33; the inter-rater agreement between patient and main therapist 

wass 0.27. Significant correlations were found between main- and co-therapists (r=0.47, 

p<0.0001),, patients and main therapists (r= 0.42, p<0.0001) and between patients and 

co-therapistss (r=0.49, p<0.0001). 
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Thee longitudinal validity of attainment scoring was assessed by correlating patient 

attainmentt scores with change in external outcome measures (see for all correlations table 

4).. The correlation between mean attainment scores and change in QoLRIQ-total score was 

0.133 (n=42, p=0.44). There was a significant correlation between the treatment goal of 

improvementt of exercise tolerance (mean attainment score 4.25; range 1 to 6) and the 

changee in distance walked during the six minute walking test (mean change 5.9 m, range 

-1599 to +178). The treatment goal of coping with emotions was significantly correlated with 

changee in emotional well-being and with change in experienced invalidity, but not with 

changee in the QoLRIQ emotions domain. The treatment goal of improvement of 

functioningg in activities of daily life was non-significantly correlated to changes in the 

QoLRIQ-domainss 'daily and domestic activities' and 'general activities'. Combined treatment 

goalss on improvement of social functioning were significantly correlated to self-perceived 

changee in taking upon activities but not to self-perceived change in leisure activities or the 

QoLRIQ-domainss 'general activities' and 'social activities'. The treatment goals of medication 

knowledgee and knowledge of correct use of medication were significantly correlated with 

theirr matching questions on self-perceived change. 

Tabl ee 7.4: correlation s of patien t attainmen t score s of selecte d treatmen t goal s wit h 

externa ll  outcom e measure s 

treatmen tt  goal N externa l outcom e measur e rs p 

Copingg with emotions 

Diseasee education 

Correctt use of medication 

ADL-functioning g 

Sociall functioning 

Exercisee tolerance 

12 2 

8 8 

13 3 

10 0 

35 5 

17 7 

MPQL-emotionall well-being 

MPQL-experiencedd invalidity 

QoLRIQ-emotions s 

SPCC disease knowledge 

SPCC correct use of medication 

QoLRIQ-dailyy activities 

QoLRIQ-generall activities 

SPCC performing daily activities 

QoLRIQ-generall activities 

SPCC leisure activities 

SPCC taking upon activities 

Sixx minute walking distance 

SPCC exercise tolerance 

0.64 4 

0.55 5 

0.02 2 

0.59 9 

0.56 6 

0.52 2 

0.42 2 

0.23 3 

0.13 3 

0.14 4 

0.47 7 

0.50 0 

0.14 4 

0.02 2 

0.07 7 

0.9 9 

0.12 2 

0.047 7 

0.2 2 

0.2 2 

0.4 4 

0.4 4 

0.4 4 

0.004 4 

0.04 4 

0.5 5 

N== number of patients with that treatment goal and a change score on external outcome measure; 
MPQL== medical psychological questionnaire for lung patients; QoLRIQ=quality of life for respiratory 
illnesss questionnaire; SPC = self-perceived change; rs - Spearman correlation coefficient 
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7.55 Discussio n 

Thee patients who participated in this study did improve after inpatient pulmonary 

rehabilitationn according to both types of outcome measurements: standardized outcome 

measurementt (see chapter 2 and 3) and individual attainment scoring. There was a relevant 

andd highly significant improvement in all quality of life domains and emotional well-being. 

Thee patients gave themselves significantly higher attainment scores on their individual goals 

thann their therapists did. Therapists and co-therapists were equally positive. The difference 

inn attainment scores between patients and therapists point of view was expected and may 

bee explained partly by their different points of view. Patients compare themselves to their 

previouss situation. They see improvement with regard to prior symptoms and mostly a bad 

physicall situation. Therapists compare the patient's improvement with the results of their 

clinicall expertise with many patients and with the anticipated outcome. This last point leads 

too another, related explanation: because there is no common criterium for assessing the 

amountt of change, attainment scores from patients, therapists and co-therapists will always 

differ.. This is confirmed by the low values for inter-rater agreement. Formulation of the 

treatmentt goals by the whole treatment team, in consultation with the patient, did 

apparentlyy not result in accordance in assessment. Possibly the goals were not formulated 

concretee and clear enough, both for the patient and the therapists. From a clinical 

viewpoint,, the discrepancy between patients and therapists is useful: differing attainment 

scorescann be used to clarify expectations and improve understandingofthe treatment goal. 

Inn a similar way, low attainment scores can be used to redirect treatment towards more 

feasiblee goals. 

Otherr psychometric characteristics were more reassuring. Subjective attainment scoring 

showedd to be highly sensitive to change, even in comparison with the large effect size of 

thee QoLRIQ, a disease-specific quality of life questionnaire. This finding is similar to studies 

withh frail elderly patients that compared Coal Attainment Scaling with the Barthel Index 

[22-24].. The high sensitivity was expected because our method was designed to measure 

change. . 

Obviously,, there were methodological problems in establishing construct validity. First, 

patientss needed to be grouped, which contradicted the approach of individualized 

treatmentt goals. Second, it is not very logical to validate a new individualized method 

(attainmentt scoring) with the global, standardized method it should replace. Still, we found 

sufficientt evidence for the construct validity of attainment scoring. We selected treatment 

goalss with at least 10 occurrences and a closely related external outcome measure. These 

treatmentt goals all had moderate to high correlations with change in their related outcome 

measures.. Because we found higher correlations with increasing specificity of the external 



patient'spatient's view of outcome in pulmonary rehabilitation 157 7 

criterion,, the validity of attainment scoring was supported. The validity of all treatment 

goalss could not be assessed becausethere was no related external outcome measure for all 

thesee treatment goals or because of too few occurrences, despite the grouping of treatment 

goals.. Several high (>0.5) but non-significant correlations in treatment goals with fewer than 

100 occurrences were found (disease education, table 4; others not shown). A larger sample 

sizee and more external outcome measures are needed to establish the validity of attainment 

scoringg clearly. 

Anotherr critique on this new assessment method is the number of missing attainment 

scores.. Almost 10% of the patient scores and almost 40% of the main therapist scores were 

missing.. Therapists reported a lack of time as the reason for missings. These selective 

missingss may bias the results obtained by attainment scoring and should be minimized, 

partlyy by becoming more used to working with individually tailored goals. 

AA minor critique is that the new evaluation system was not investigated regarding 

satisfactionn of the patients and the therapists with this system. Remarks by the group of 

patientss who also experienced the previous evaluation system indicated an improved 

understandingg of content and goals of the treatment as a whole. 

Usingg the patient's view of outcome as a standardized method, in which the patients are 

askedd whether they improved with regard to health related goals, was strongly advocated 

recentlyy by Wright [8]. Standardized outcome assessment should be supplemented with 

individualizedd outcome assessment, especially in multi-intervention treatment programmes 

suchh as inpatient rehabilitation programmes. Questionnaires and function tests are very 

suitablee for evaluating change in groups of patients, but they cannot be used to evaluate 

changee in area's important to individual patients. Therefore we developed a new method 

off assessing outcome of inpatient pulmonary rehabilitation. Patients and therapists scored 

thee subjective attainment level of individualized treatment goals, which were formulated 

byy the treatment team in consultation with the patient. 

Usingg only standardized outcome measures may resultin misinterpretation of the results of 

individuallyy tailored treatment programmes. This is illustrated by our finding that there was 

noo overall improvement in the distance walked during the six minute walking test, which 

differss from findings of other pulmonary rehabilitation programs [1]. However, a high and 

significantt correlation was found between the patient attainment score and the change in 

sixx minute walking distance in the group of patients who had an explicit treatment goal of 

improvingg exercise tolerance. Furthermore, these patients significantly improved in 

desaturation,, perceived dyspnea and perceived exertion, which are also important aspects 

off functional exercise tolerance [25]. This implies that patients with the treatment goal of 

increasingg exercise tolerance did improve, whereas this could not be judged from the 

overalll group evaluation which showed a lack of change in walking distance {see chapter 2). 
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Thee deviating result in walking distance improvement may be explained both by the 

attentionn in the IPR treatment programme on self-pacing skills training and by the 

insufficientt intensity of exercise [26]). Another explanation maintains that the 6-minute 

walkingg test may not have been the most appropriate test to measure exercise tolerance. 

Severall patients reported in the post-treatment test that they could have walked much 

furtherr than the 6 minutes of the test, indicating that a test of endurance would have been 

aa better choice. A detailed factor analysis of walking test results is described in chapter 3 

[25]. . 

Thee need for assessing outcome of individualized treatment goals is confirmed by the large 

numberr of the treatment goals in this study that did not have an equivalent in the 

standardizedd outcome measures. Furthermore, the information obtained from scoring 

attainmentt of treatment goals is different from the serial assessment of change using 

standardizedd outcome measures (eg a quality of life questionnaire): the patients in this study 

improvedd significantly according to both the patient mean attainment scores and the change 

inn overall quality of life, but the correlation between the two types of measurement was 

veryy low, indicating that they possibly measure different constructs. This was recently 

suggestedd also by Moser et al. [27]. 

Assessmentt of the individual patient's view of outcome has not been used previously in 

pulmonaryy rehabilitation studies, with the exception of the dyspnea-scale of the Chronic 

Respiratoryy Disease Questionnaire [28]. However, this scale asks only for physical activities 

inn which patients are limited by their dyspnea and not for treatment goals. 

Recently,, Moser et al [27] used goal attainment in a study on inpatient oncological 

rehabilitation.. These authors developed a technique of goal attainment scoring very similar 

too the one described in this study. Their results support the current findings, by showing a 

similarr lack of concordance between attainment scores of patients and those of their 

doctors,, and low to moderate correlations between attainment scores (grouped into 

categoriess of treatment goals like we did) and mean change scores on the EORTC-QLQ C30 

(aa quality of life questionnaire for patients with cancer). 

AA different result has been found in a randomized controlled trial of cardiac rehabilitation 

versuss usual care after acute myocardial infarction [29]. In this study, patients were required 

too identify one activity that would reflect the patient's perception of successful recovery 

whenn attained. They found no significant difference in attainment levels between both 

groups,, while the rehabilitation group had a significantly higher improvement in quality of 

life.. They concluded that self-identified activity goal attainment is not useful as an outcome 

measure.. This method differs, however, from the current method in that it uses only one 

goal,, chosen by the patient, with a yes or no answer, instead of multiple goals based on the 
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treatmentt and formulated by both the therapist and the patient, using a 6-point response 

scale. . 

Coall Attainment Scaling (CAS) has been used in other multiple-intervention treatments 

[22;24;30].. The most important steps of GAS are the construction of a treatment plan (goal 

attainmentt guide) for an individual patient, a description of the expected level of outcome 

andd levels describing somewhat/much better/less than expected and lastly rating the 

performancee of a patient at a predetermined time after intervention [31]. Whereas GAS 

seemss to be reliable, valid and sensitive to change, it is time-consuming. Recently, two 

differentt standardized variant of GAS have been proposed [23;32] which seem very 

promisingg for measuring outcome on multiple individualized interventions. 

Wee think that individualized outcome assessment is a promising method for measuring 

changess that are important to patients and that it can be seen as a useful complementary 

methodd for evaluating multi-intervention rehabilitation programmes. Of course, the method 

usedd in this study has some limitations. The low agreement between different assessors of 

outcomee contains a problem. Apparently there is no satisfying agreement among therapists 

withh each other nor with their patients. This is illustrated by the low inter-rater agreement 

betweenn the main therapist and the co-therapist and the equally low agreement between 

thee patient and the main therapist (although we did not expect a very high agreement in 

thee latter case). We think that the major reason for the low agreement is that a precise 

descriptionn of the expected outcome was not included. Therefore, therapists and especially 

patientss are assessing a goal according to their own internal standards (which may change 

duee to treatment, a process known as response shift [33]), instead of using clearly defined 

outcomee levels as with GAS [30]. Accounting for this internal viewing of changed goals is 

aa new complementary method in outcome evaluation studies with chronic ill patients 

[33;34].. Furthermore, including a clear description of the expected outcome would be a 

majorr improvement of the current method of attainment scoring when different therapists 

aree included as in multi-intervention rehabilitation. Specifically measuring response shift 

andd goal shift would be another option for clarifying change in multi-intervention 

programmes. . 

Also,, studies from the health psychology field have shown that patients will be more 

motivatedd to reach their health related goals when these are individually tailored. Patients 

tendd to adopt more coping strategies to achieve their goals when these are both of 

importancee to them and feasible [9;35]. When goals are not individually important to the 

patientt nor sufficiently feasible, the patient most probably will disengage his behavioural 

efforts.. This implies the importance of individual tailoring health related goals in 

rehabilitationn programmes [36]. 
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7.66 Conclusio n 

Inn conclusion, we presented an alternative method for assessing the individual patient's 

vieww of outcome in inpatient pulmonary rehabilitation. Patients and therapists are asked to 

ratee the level of attainment of individually tailored treatment goals using a 6-point response 

scale.. This method differs from standard outcome measurement in that the outcome 

variabless are individualized which allows for the assessment of topics not addressed by 

standardizedd outcome tools. This property makes attainment scoring especially suited for 

evaluatingg rehabilitation programmes that use several interventions simultaneously. 

Althoughh attainment scoring has a high sensitivity to change and a satisfying longitudinal 

validity,, the low reliability in relation to the therapists' point of view requires more research. 

Includingg a clear description of the different levels of expected outcome, such as in CAS, 

wouldd be a necessary improvement of the reported method. Supplementing traditional 

wayss of standardized outcome measurements with individualized outcome measures seems s 

ann important new way of evaluating rehabilitation programs, especially because it 

acknowledgess and motivates individual patients to attain their self-stated goals. 
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7.88 Appendi x 

Categoriess of individualized treatment goals in inpatient pulmonary rehabilitation 

•• coping with chronic shortness of breath 
•• coping with acute shortness of breath 
•• preventing shortness of breath when exercising 
•• improvement of self-pacing 
•• (early) recognition of symptoms and body signals 
•• recognition of symptoms and body signals when exercising 

learningg the limits when exercising (preventing shortness of breath and exhaustion) 
•• improvement of ADL-functioning: 

-- learning to move more economically (energy-saving) 
-- coping with shortness of breath during selfcare 
-- coping with shortness of breath during household activities 
-- adapting tasks to physical ability 

•• breathing retraining 
•• decreasing cough attacks 
•• stop smoking and maintaining it 
•• education about and prevention of airway infections 
•• education about and avoidance of allergic triggers 
•• education about and avoidance of non-allergic triggers 
•• education on working mechanisms of medication 
•• education on correct use and inhalation of medication 
•• learning to use supplemental oxygen 
•• education on disease (causes, pathophysiology, treatment) 
•• decreasing use of escape medication 
•• decreasing use of oral corticosteroids 
•• decreasing use of psychopharmaca 
•• 'what to do'-list to prevent exacerbations when symptoms increase 

instructionn about peakflow measurement 
•• improvement of exercise tolerance 
•• learning new sports or movement activity 
•• increasing muscle strength 
•• improvement of emotional well-being 
•• acceptation of impairments and handicaps 
•• increasing self-confidence 
•• coping with anxiety 
•• coping with emotions 
•• balance between tension and relaxation 
•• planning new daily schedules 
•• developing/expanding social activities and leisure activities 
•• increasing social skills 
•• learning to stand up for oneself 
•• weight reduction 
•• weight increase 
•• improvement of feeding pattern 
•• education on food and dietary schedules 
•• decreasing 'emotional eating' 
•• investigating causes of fatigue 
•• investigating causes of fever 
•• learning how to do a bronchial toilet 
•• help with finding regular job or study 
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helpp with finding suitable (adapted) accommodation 
increasingg outside mobility 
improvingg communication and/or cooperation between patient and caregivers (including correct 
andd timely presentation of symptoms) 
improvingg communication between patient and surroundings 
improvingg speech to prevent dyspnea 
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ThisThis gave me no concern, as / have ever confined myself to facts. 

Rudolphh Erich Raspe 

TheThe Surprising Adventures of Baron Munchausen,1785 
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8.11 Introductio n 

Thiss dissertation describes the clinical outcome of comprehensive, multidisciplinary 

inpatientt pulmonary rehabilitation for patients with asthma or COPD and addresses several 

problemss with measuring that outcome. Two meta-analyses have demonstrated that 

pulmonaryy rehabilitation is effective in patients with COPD: it reduces symptoms, especially 

breathlessness;; and it improves health status and functional exercise capacity [1;2|. 

However,, most studies on pulmonary rehabilitation deal with relatively stable patients with 

COPDD treated in an outpatient setting. Much less is known about patients with other 

chronicc lung diseases, such as asthma, about patients with unstable disease and about 

inpatientt pulmonary rehabilitation (IPR). 

Thee general introduction in chapte r 1 describes the basic topics of asthma and COPD: 

definitionss and clinical features, epidemiology, comorbidity, exercise limitation, 

psychosociall functioning, health status and pharmacotherapy. Pulmonary rehabilitation and 

thee measurement of outcome in pulmonary rehabilitation are described more extensively. 

8.22 Outcom e stud y of IPR 

Chapter ss 2 and 3 of this dissertation describe the characteristics and the treatment outcome 

off 140 patients participating in the IPR programme of Asthmacenter Heideheuvel in 

Hilversum,, The Netherlands. This study includes 56 patients with asthma and 84 patients 

withh COPD who were referred to the asthmacenter during 1996 and 1997. The main 

reasonn for referring patients to pulmonary rehabilitation is when patients still have 

disabilitiess and handicaps despite optimal medical treatment. The major disabilities and 

handicapss are dyspnoea, reduced exercise capacity, and restrictions in daily and social 

activities.. There are several reasons to refer patients to inpatient instead of outpatient 

pulmonaryy rehabilitation [3]. When patients are severely handicapped, they may not have 

enoughh functional ability to attend outpatient sessions. This happens often to patients with 

recentt and/or recurrent hospitalizations. When an outpatient or home-based programme 

iss not available in the vicinity of a patient, inpatient rehabilitation may be the only 

alternative.. For some patients, intensive monitoring is required for an integrated description 

off the illness behaviour of a patient. Furthermore, patients may be referred for specific 

interventionss such as nutritional therapy, behavioural interventions to correct psychosocial 

problems,, and teaching of coping skills. 
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8.2.11 Outcome of I PR: illness severity 

Thee patients referred to Asthmacenter Heideheuvel appear to be more severely ill than 

otherr patient groups reported in the scientific literature on outpatient and inpatient 

pulmonaryy rehabilitation. First of all, 80% of the patients were hospitalized in the year 

beforee IPR, an average of 53 days with a total of almost 6000 days. This is much higher than 

thee 9 to 20 days in hospital in the year before IPR reported in other studies on IPR, 

includingg several studies in the Netherlands. The illness severity of this group of patients is 

furtherr illustrated by the large amount of comorbidity: 80% had at least one comorbid 

condition,, mainly cardiovascular diseases, mobility disorders, overweight, psychosocial 

disorderss and allergy. On top of that, half of the patients with asthma and three-quarters of 

thee patients with COPD had osteoporosis. The number of exacerbations, which is an 

importantt parameter of illness severity and often a primary outcome in drug trials, was very 

high:: 7 per year in asthma and 10 per year in COPD, causing 80 admissions to the intensive 

treatmentt facility of the asthmacenter. This exacerbation rate is much higher than reported 

inn several studies on outpatients with COPD [4-6]. 

8.2.22 Outcome of IPR: main results 

Thee major results of the IPR programme of Asthmacenter Heideheuvel were a decrease in 

thee use of oral corticosteroids, clinically relevant improvements in health status and 

emotionall well-being and a large decrease in hospitalization. The median daily dose of oral 

corticosteroidss in the asthma group dropped from 5 to 0 mg. The decrease in oral 

corticosteroidss in the COPD group was smaller, but still highly significant. There were three-

too tenfold decreases in the number of hospital admissions, the number of patients with 

admissionss and the number of days in hospital in the year post-IPR as compared to pre-IPR. 

Furthermore,, patients reported large subjective improvements on knowledge about lung 

disease,, medication and correct use of medication; exercise capacity; disease symptoms; 

andd performance of daily, social, and leisure activities. All domains of the Quality of Life for 

Respiratoryy Illness Questionnaire (QoLRIQ) showed improvements above the threshold for 

clinicallyy relevant change. In several domains even the lower limit of the confidence interval 

wass above this threshold. Emotional well-being, experienced invalidity and self-assessed 

healthh status showed moderate to large effect sizes. An important finding of this study is that 

patientss with asthma not only improved, but also maintained their improvements in health 

statuss and well-being, despite small, non-significant deteriorations in the 12-month follow-

upp period. In contrast, the patients with COPD deteriorated in the follow-up period almost 

too the pre-treatment level, as was found by others. 
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8.2.33 Outcome of IPR: deterioration during follow-up for COPD 

Theree is a contradiction between the diminishing of the initial treatment effects on health 

statuss and psychosocial functioning on the one hand and the large decrease in 

hospitalizationn post-IPR in the group of patients with COPD. It should be studied why 

patientss report deterioration in health status and well-being while they clearly improved on 

clinicall parameters. Furthermore, the quick deterioration of health status in patients with 

COPDD is worrying, both from the perspective of the patients involved and from the 

perspectivee of third-payer parties. Therefore, the effectiveness of methods to maintain the 

largee initial treatment effects should be studied. Maintenance exercise programs may be 

usefull for preservingthe effects of exercise training [7;8], but the benefits of booster sessions 

[9],, after-care programs [10], repeating pulmonary rehabilitation [11], and voluntary sports 

groupss have not been studied sufficiently yet. The development and analysis of a 

maintenancee programme for Asthmacenter Heideheuvel is however hampered by the 

supra-regionall function of this asthmacenter: regular maintenance sessions on an outpatient 

basiss are only possible for patients living within close travelling distance, which makes it very 

difficultt to recruit sufficient patients within an acceptable research period. 

8.2.44 Outcome of IPR: no improvement in exercise capacity? 

Thee IPR programme did not result in an improvement in exercise capacity-on average. The 

overalll lack of improvement in walking distance in this study is not unexpected, although 

almostt all studies on outcome of pulmonary rehabilitation show improvement of exercise 

tolerance.. The focus of the treatment programme described in this study on both self pacing 

too prevent exhaustion and dyspnea, and exercise training to enlarge endurance and muscle 

strength,, will cause a number of patients to walk less after the treatment and others to 

improvee their walking distance. This is reflected in the wide range of change, from -193m 

too +298m. Composite analysis {explained in chapter 5) showed that 62% of the patients 

withh asthma and 36% of the patients with COPD improved in 2 or more factors of 

functionall exercise tolerance, while 22% and 28% respectively showed deterioration. 

Althoughh most outcome studies of pulmonary rehabilitation report both improvement in 

healthh status and in exercise capacity, there seems to be no relation between change in 

healthh status and change in walking distance. Reardon and coworkers suggested that in a 

multifacetedd pulmonary rehabilitation program that addresses several functional areas, it 

iss possible that health status might be improved without substantial improvement in exercise 

endurancee [12], Another explanation may be that it is difficult to improve exercise capacity 

inn severely dyspnoeic patients, as was recently found by Wedzicha et al., who randomised 

patientss with MRC grade 5 to outpatient or home-based pulmonary rehabilitation and 

foundd no improvement in both groups [13]. The majority of the patients referred to 
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Asthmacenterr Heideheuvel also have MRC grade 5: 77% of the patients with asthma and 

83%% of the patients with COPD. 

8.2.55 Outcome of I PR: dropout and imputation 

Theree was a substantial dropout, both in the IPR-phase and in the follow-up phase of the 

study.. About twenty percent of the patients dropped out at each subsequent assessment, 

totallingg up to 64% dropout. This is comparable to the dropout rates of 50% and 60% in 

somee studies on tPR, but higher than in other studies on IPR (range 15 to 40%). The 

dropoutt was equally divided between illness- or treatment-related dropout and study-

relatedd dropout. There were no significant differences at baseline or in change between 

completers,, illness/treatment related dropouts and study dropouts, implying that there was 

noo selective dropout of the most severely ill patients, as was found by Ketelaars et al. [14]. 

However,, the high drop out rate threatens the validity of the results described in chapter 

22 and 3. Therefore, imputation of missing data was done to test the robustness of the 

findingss (see chapte r 4). Two major outcome measures were selected for this analysis: 

healthh status (the total score of the QoLRIQ) and hospitalization (number of hospitalizations 

andd days in hospital). Imputation with specialised imputation software gave counterintuitive 

resultss for hospitalization. Therefore, a decision model for imputation was developed, using 

44 different scenarios: optimistic, realistic, sombre and pessimistic. In the optimistic scenario, 

bothh treatment dropouts and study dropouts are assumed to improve as much as the 

completers.. This obviously leads to a confirmation of the positive outcome of I PR described 

above.. In contrast, the pessimistic scenario assumes that study dropouts do not improve at 

alll and that treatment/illness-related dropouts deteriorate twice the minimal important 

differencee in health status during IPR, and will be twice as much in hospital in the year post-

IPRR then in the year before IPR. This clinically implausible scenario does not change the 

improvementss in health status and hospitalization described above. The improvement in 

healthh status during IPR remained significant and above the threshold for clinically relevant 

changee in both the asthma group and the COPD group. The decrease in hospitalizations 

inn the COPD group remained highly significant in all scenarios. The decrease in 

hospitalizationss in patients with asthma was significant up to the sombre scenario. The 

resultss of this imputation analysis show that the positive outcomes of IPR are very robust 

andd valid, despite the large number of missings. 
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8.33 Facto r analysi s of the 6MVVT 

Chapte rr  5 describes an analysis of exercise performance in the six minute walking test. An 

importantt treatment goal in pulmonary rehabilitation is improvement of functional 

performance,, which can be achieved by exercise training and by training of self-pacing 

skills.. However, exercise training and training of self-pacing skills may have contradictory 

effectss on walking distance, which is the usual outcome parameter for exercise capacity. 

Changess in other aspects of exercise capacity, such as dyspnoea, oxygen saturation and 

walkingg technique may be of equal importance for improvement of functional performance 

off an individual patient, but are seldom reported. 

Thee first aim of the study in chapter 5 was to describe baseline performance in the six 

minutee walking test with more factors than only walking distance. An exploratory factor 

analysiss was performed on physiological measurements, dyspnoea ratings, and walking 

distancee recorded during pre-treatment six minute walking testing in 83 patients. The 

secondd aim was to assess if the use of multiple factors adds to walking distance in describing 

changee in exercise performance. Factor analysis is a data-reduction technique that consists 

off two steps: clustering of variables with shared variance, which yield factors, and then 

simplifyingg the factor structure by varimax rotation, which improves interpretability. The 

factorr analysis resulted in a clinically interpretable 4-factor structure which explained 78% 

off the total variance. Performance in the six minute walking test can be described by four 

factors:: heart rate pattern, endurance capacity, impairment of oxygen transport, and 

perceivedd symptoms. 

Thee added value of using more factors to describe change in exercise capacity is shown in 

twoo ways. First, by using composite analysis, which is here defined as a simultaneous 

qualitativee outcome analysis of several related factors. Composite analysis showed that 29 

off 53 patients improved in three or four factors, and 7 patients deteriorated in three factors, 

whilee there was no mean change in walking distance. Second, multiple regression analysis 

showedd that self-perceived change in exercise tolerance is mainly explained by change in 

walkingg distance, but also by less desaturation and less dyspnoea. This may explain why the 

majorityy of the patients (42 out of 53) reported improvement in exercise tolerance despite 

thee overall lack of change in walking distance. 

Thee main advantage of using multiple factors to describe performance is the possibility of 

assessingg change in several aspects of exercise capacity simultaneously. There is however 

aa clinical problem in judging the importance of the observed changes in all factors together. 

Itt will depend on the specific treatment goal for patients and if the size of changes in the 

improvementt in one factor outweighs the deterioration in other factors. This judgment may 

bee aided by assessing the self-perceived change in exercise tolerance and by comparing the 
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sizee of the changes to the minimal important difference for each factor (as far as these are 

known). . 

Forr Asthmacenter Heideheuvel, it will be interesting to assess the outcome of different 

treatmentt goals related to functional capacity by describing and testing of the expected 

outcomee in terms of the four factors of the six minute walking test described above. 

8.44 Longitudina l propertie s of the QoLRIQ 

Thee question ofthesizeof a clinically relevant change in an outcome measure, the minimal 

importantt difference, is addressed in chapte r 6. Improvement of health status is one of the 

majorr goals of pulmonary rehabilitation, so therefore a validated and responsive health 

statuss questionnaire should be used to assess the outcome of the treatment. The outcome 

studyy described in chapter 2 and 3 used the Quality of Life for Respiratory Illness 

Questionnairee (QoLRIQ), which is a health status questionnaire developed for and validated 

inn both patients with asthma and patients with COPD. Because the longitudinal 

measurementt properties had not been evaluated yet, these were studied in 108 patients 

whoo completed the QoLRIQ and related outcome measures pre- and post-treatment; and 

aa global rating of change in disease symptoms post-treatment. The QolRIQ uses a 7-point 

responsee scale. 

First,, the sensitivity to change was assessed by computing the statistical significance and 

relativee magnitude of changes detected by the QoLRIQ. Second, the longitudinal validity 

off the QoLRIQ was assessed by computing correlation coefficients between change scores 

inn QoLRIQ-domains and change scores from related outcome measures. Third, the 

reliabilityy of the change score was assessed by computing the intraclass coefficient of 

change.. Fourth, the size of a minimal important difference (MID) was computed with a 

retrospectivee global rating of change question. Because several authors have questioned the 

validityy of retrospective assessment of change [15;16], the validity of that method was 

studied,, and the MID was also determined with alternative methods such as computing the 

standardd error of measurement and using the benchmarks for effect sizes. 

8.4.11 QoLRIQ: sensitivity to change 

Alll domains and the total score of the QoLRIQ showed highly significant changes (all p < 

0.0002).. The relative magnitude of change was assessed by computing standardised 

responsee means. A standardised response mean is interpreted as an effect size: 0.2 

representss a small change; 0.5 a moderate change and changes of 0.8 or higher are 

interpretedd as a large change. Standardised response means ranged from 0.46 to 0.90. The 

largestt absolute and relative changes were seen in the total score and domains representing 
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dailyy functioning (general activities, daily/domestic activities, social: activities). 

QoLRIQ-changee scores were highly correlated with self-rated change in disease symptoms, 

withh change in self-assessed health status and with change in several domains of the Rand-

366 and the Medical Psychological Questionnaire for Lung Patients. The intraclass correlation 

coefficientt of change in the QoLRIQ-total score was 0.90, indicating a high reliability of this 

changee score. 

8.4.22 QoLRIQ: size of the MID 

Thee MID was assessed with both anchor-based and distribution-based methods : from 

retrospectivee assessment of change in disease symptoms, from change in self-assessed 

healthh status, by computation of the standard error of the measurement and from the effect 

sizee benchmarks. The 'retrospective' method gave a MID for the QoLRIQ-total score of 0.5 

pointt in both positive and negative direction. Categorizing by one-unit changes in self-

assessedd health status gave positive and negative MIDs for the QoLRIQ-total score of 0.4 

andd 0.6 respectively. The standard error of the measurement for the domains, ranging from 

0.44 to 0.65, had a mean of 0.49 points. Using a moderate effect size gave MIDs quite 

similarr to the MIDs based on the standard error of the measurement. So, 0.5 seems the best 

pointt estimate for the MID, within a range of 0.4 to 0.6. The mean value for the standard 

errorr of the measurement is similar to the values found by Wyrwich and coworkers [1 7-19], 

confirmingg a value of 0.5 as the threshold for meaningful change in domains of 

questionnairess with a 7-point response scale. 

8.4.33 QoLRIQ: validity retrospective computation 

Thee retrospective computation of MIDs proved not to be valid in this group of patients. 

First,, the retrospective assessment of change was significantly correlated to post-treatment 

healthh status but not to pre-treatment health status, as was found by Norman et al [15]. This 

indicatess that the global assessment of change is determined by post-treatment health 

status.. Second, retrospective assessment of change was significantly higher than serial 

assessmentt of change, as was found by Fischer et al [16]. Third, the mean change in the 

'unchanged'' group had a large 95% confidence interval and was significantly different from 

zero. . 

8.4.44 QoLRIQ: conclusion 

Thiss study shows that the QoLRIQ is sensitive to change, has a good longitudinal validity 

andd reliability, and has a MID of 0.5 points for patients with moderate to severe asthma or 

COPD.. The MID can be used for power calculations in future studies and to assess whether 

observedd changes are clinically relevant. These results enable the use of the QoLRIQ as an 

outcomee measure in clinical trials with patients with moderate to severe asthma or COPD. 
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Thee remainingquestions pertain to the longitudinal measurement properties in less severely 

illl patients and the use of the QoLRIQ and its MID in clinical practice. 

8.55 Assessin g th e patient' s vie w of outcom e 

Becausee of the large variation in individual problems and the essential role of motivation 

inn pulmonary rehabilitation, a major feature of the inpatient pulmonary rehabilitation 

programm of Asthmacenter Heideheuvel is the use of individualised treatment goals. After a 

11 -week multidisciplinary diagnostic phase, an extensive integrated description of the patient 

specificc problems is constructed. Individualised treatment goals based on this problem 

descriptionn are formulated by the treatment team in consultation with the patient. There 

aree however some problems with the usual, standardised outcome assessment when 

assessingg the outcome of a multidisciplinary treatment programme consisting of several 

simultaneouss interventions. Most outcome measures address common problems, but they 

neitherr represent the specific problems experienced by an individual patient nor the 

specificc intervention for addressing that problem [20]. Outcome assessment in pulmonary 

rehabilitationn may be improved by looking at the individual treatment goals of a patient, 

andd by including the patient's view of outcome. Chapte r 7 describes a new and 

complementaryy method for assessing the patient's view of outcome by asking patients to 

assesss subjectively their attainment of the individualised treatment goals they had aimed to 

achievee during the IPR program. The therapists were asked to give a similar assessment. 

Attainmentt of the treatment goal was scored on a 6-point response scale: was the goal 

attainedd not at all, barely, a bit, partly, largely or completely (1 — 6). The 79 patients who 

participatedd in this study had a total of 540 treatment goals. 60% of the 488 goals scored 

byy the patients were labelled as successful (score 5 or 6). The patients had a significantly 

higherr median attainment score than the therapists (5 versus 4). The sensitivity to change 

off attainment scoring was assessed by computing the standardised response mean which, 

withh a value of more than 3, is much higher than the already large standardised response 

meann of 1 of the QoLRIQ (in 42 patients who also participated in the outcome study 

describedd in chapter 2 and 3). The relative efficiency of measuring change with attainment 

scoringg versus the QoLRIQ total score was high. Despite the lack of correlation between 

attainmentt scores from patients and change in QoLRIQ total score, there was sufficient 

evidencee for the construct validity. Several treatment goals with at least 10 occurrences 

showedd moderate to high correlations with change in a closely related external outcome 

measure.. The correlations were higher with increasing specificity of the external criterion. 

Thee need for assessing the outcome of individual treatment goals is confirmed by the large 

numberr of treatment goals that did not have an equivalent in the standardised outcome 
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measures.. The reliability of attainment scoring, which was assessed by computing the 

interraterr agreement, was very low. The low reliability and the difference in the attainment 

scoress between patients and therapists was expected and may be explained partly by the 

differentt points of view, but also because there was no common criterion for assessing the 

amountt of change. A necessary improvement of attainment scoring is including a clear 

descriptionn of the different expected outcome levels in verifiable terms, such as in Goal 

Attainmentt Scaling. Two different standardised versions of Coal Attainment Scaling (which 

iss reliable, valid, and responsive but time-consuming) seem very promising for measuring 

outcomee in multiple individualised interventions [21;22]. 

8.66 "Comple x problems " 

Ann important characteristic of the patients referred for inpatient pulmonary rehabilitation 

inn Asthmacenter Heideheuvel is the large variation in individual problems associated with 

orr interacting with the chronic lung disease. In Heideheuvel, this is called "complex 

problems".. "Complex problems" may result in inadequate disease behaviour and insufficient 

self-management.. However, the term "complex problems" is not defined or operationalised, 

whichh hinders both treatment and research. Without operationalising "complex problems11, 

itt remains very difficult to demonstrate thatthe patients referred to Heideheuvei are indeed 

aa special group that requires interdisciplinary individualised care. Furthermore, if one 

cannott distinguish clearly between different levels and types of "complex problems", it is not 

possiblee to develop and validate new treatment modalities, which requires well-defined 

patientt groups and well-described, replicable interventions [23]. 

AA possible definition of "complex problems" is the combination of and interaction between 

somaticc and psychosocial morbidity. A framework for operationalising could be based on 

thee International Classification of Functioning, Disability and Health, developed by the 

Worldd Health Organisation [24]. The degree of disablement in body functions, body 

structures,, activity limitations and participation restrictions can be measured using 

standardisedd and validated function tests and questionnaires. This allows a detailed 

descriptionn of the illness severity of a patient or a group of patients. The characterisation 

andd quantification of the interaction between disease, comorbidities and disease behaviour 

iss much more difficult. This is an essential component of "complex problems" and should 

bee observed and rated by the treatment team. This requires an unambiguous observation 

andd rating method which needs to be developed and validated. Maybe a standardised 

"illnesss complexity index" can be devised, consisting of severity stagings for lung function 

impairment,, comorbidity, exercise capacity, psychological functioning, social functioning, 

andd health status; types of disease behaviour; and types of interaction. 
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Anotherr way of gaining insight into the complexity of problems may be to use the functional 

statuss concept from Leidy [25]. The dimensions of functional status are functional capacity, 

functionall performance, functional reserveand functional capacity utilization. Clarifyingthe 

relationn between actual performance, its precursors (such as pain, sleep, attitudes and 

emotions)) and influential variables may help to untangle the complexity. 

8.77 The contro l grou p proble m 

Anotherr point that requires more discussion is the lack of a control group. Study designs 

withh randomisation to experimental and control groups eliminate bias and show clearly if 

thee experimental treatment is better than the control treatment. There were however two 

problemss with using a randomised design. The first problem is that inpatient pulmonary 

rehabilitationn is notan "experimental" treatment in the Netherlands. Therefore, randomising 

patientss to conventional care would imply withholding them an accepted treatment, which 

iss an ethical dilemma. The control group problem [26] plays a role in almost all studies on 

outcomee of inpatient pulmonary rehabilitation: until now only one randomised controlled 

triall of IPR versus conventional care has been published [27]. That study was feasible 

becausee of a 3 to 6 months waiting list and by excluding unstable patients [28]. This trial 

establishedd the effectiveness of IPR by showing positive long-term effects on health status 

andd exercise capacity for IPR versus conventional care in patients with COPD. 

Thee second problem that prohibited a randomised design was a practical one: the short 

waitingg list on the one hand, and the long treatment duration and long follow-up period on 

thee other hand, made it impossible to form a control group. The asthmacenter would have 

beenn half empty, which is economically unacceptable; the patients and control group 

wouldd have had to wait for about a year and a half before receiving IPR, which is ethically 

andd clinically unacceptable. An alternative may be to form a control group of patients from 

hospitalss that only seldom refer to pulmonary rehabilitation programs. However, this will 

introducee selection bias because the criteria for referral to IPR are not strict. Furthermore, 

thee question is not if IPR is better than "standard" care - that has already been shown by the 

randomizedd trial by Goldstein and colleagues [27]. However, there remain a number of 

questionss in IPR which can and should be studied with randomized controlled trials. First, 

thee effectiveness of IPR in patients with asthma has not yet been established, so a 

randomisedd trial is badly needed. Second, the optimal treatment setting and treatment 

contentt for both patients with asthma and patients with COPD is still unknown, so 

randomisedd controlled trials of inpatient versus outpatient pulmonary rehabilitation and 

trialss comparing treatment options within IPR should be set up. These designs are ethically, 

clinicallyy and economically acceptable. Evaluation of IPR will however remain difficult, 
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becausee the variety in additional problems experienced by the patients hampers the 

developmentt and replicable description of the intervention, which is required for 

performingg a sound evaluation of a complex intervention [23]. 

Onee of the major reasons for randomising patients is to prevent bias. All patients who 

startedd treatment in two years were included, so it is not likely that the positive results found 

inn this study are influenced by recruitment bias. Only patients with insufficient knowledge 

off the Dutch language (n=4) and patients with a primary disease other than asthma or 

COPDD (n=4) were excluded. Furthermore, outcome assessment was independent from the 

treatmentt given and not performed by the therapists. These arguments, together with the 

missingg data analysis and imputation, suggest that the internal validity of this outcome study 

iss satisfactory. However, the results of this study may be not generalizable to other inpatient 

pulmonaryy rehabilitation programs because of allocation bias: a substantial number of 

patientss are specifically referred to Heideheuvel, and not to other asthmacentres. 

Becausee the current study had no control group, alternative methods to assess the statistical 

probabilityy and clinical relevance of the observed changes were applied. The first method 

iss to control for multiple testing by decreasing the level for accepting significance to a very 

stringentt level. A p-value of 0.001 provides reasonable evidence against the null-hypothesis 

[29].. Hospitalization, use of oral corticosteroids, self-assessed health status, mostQoLRIQ-

domains,, emotional reaction and in patients with COPD also emotional well-being and 

experiencedd invalidity, improved with p-values of 0.001 or lower. A second method is to 

checkk if the lower limit of the confidence interval of change is above the minimal important 

difference.. This was true for several QoLRIQ-domains. This shows that there is a clinically 

relevantt improvement in almost all patients. 

Thee improvements found in this observational outcome study of I PR are moderate to large, 

whichh is in the same range as other studies on inpatient or outpatient pulmonary 

rehabilitation.. Only hospitalizations showed a much larger decrease than in other studies, 

whichh is partly caused by the large number of pre-IPR hospitalization, giving much room 

forr improvement. Some authors have suggested that observational studies consistently give 

moree positive results than randomised controlled trials [30;31], but this view is recently 

contradictedd by others [32-34]. 
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8.88 Furthe r researc h 

Theree remain a number of questions on both pulmonary rehabilitation and the assessment 

off outcome in pulmonary rehabilitation, such as the cost-effectiveness and the contribution 

off different components of comprehensive programs to the total outcome [35]. 

Recommendationss for research on psychosocial interventions are given by Fishman [35]: 

whatt are the optimal interventions and to which patients should they be given? Information 

iss needed about training of coping skills, social support, motivation, vocational 

rehabilitation,, proper timing of interventions, and the influence of depression on 

rehabilitationn outcomes. Cosselink and coworkers formulated several questions on exercise 

trainingg in patients with COPD including optimal intensities and modalities, which setting 

andd how to maintain training effects [36]. 

Itt is still unclear which test is the best for assessing change in exercise capacity. Solway [37] 

suggestedd the six minute walking test because this test is the most extensively described 

submaximall exercise test for patients with COPD. However, the endurance shuttle walk test 

iss very responsive to change in endurance capacity [38] and eliminates some of the 

standardisationn and motivation problems of the six minute walking test. Assessment of 

exercisee capacity may also be improved by using predicted values for walking distance 

[39;40]. . 

Selectionn of outcome measures should reflect the content of the treatment programme: for 

highlyy standardised home-based or outpatient pulmonary rehabilitation programmes, it will 

bee sufficient to use a standardized, minimal set of outcome measures including a disease-

specificc quality of life questionnaire and a walking test; comprehensive inpatient and 

outpatientt pulmonary rehabilitation programmes require an extended set of outcome 

measuress for use in diagnosis and reporting back to the referring pulmonologist. Scientific 

studiess in comprehensive inpatient and outpatient pulmonary rehabilitation programmes 

requiree an extensive set of outcome measures covering all areas in which change due to 

treatmentt is expected. However, evaluating comprehensive pulmonary rehabilitation 

programmess is hindered by the lack of validated and responsive outcome measures to 

assesss specific interventions in non-medical areas: physiotherapy, nursing, vocational and 

recreationall therapy, and psychosocial counselling. 
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HypothetischHypothetisch zou je met RSI heel veel goede boeken kunnen lezen. 

FeitelijkFeitelijk zit ik me met kaarsrechte rug alleen maar op te winden in mijn stoel. 

Mirjamm Schöttelndreier 

dee Volkskrant, 3 augustus 2000 



samenvatting samenvatting 183 3 

9.11 Inleidin g 

Patiëntenn met astma of een chronisch obstructieve longziekte, zoals chronische 

bronchitiss of longemfyseem, kunnen ernstige beperkingen en handicaps ondervinden 

ondankss een optimale medicamenteuze behandeling door de longarts. Bij deze 

patiëntenn is longrevalidatie een zinvolle behandeling die gezondheidstoestand en 

inspanningsvermogenn verbetert en benauwdheid vermindert. Bij sommige patiënten is 

doorr de ernst van de klachten en beperkingen klinische longrevalidatie noodzakelijk. 

Longrevalidatiee is een multidisciplinaire behandeling met als belangrijkste onderdelen 

conditietraining,, training van self-management vaardigheden, adembewegings-

oefeningen,, educatie over aandoening en medicatie, optimaliseren van de medicatie, en 

psychosocialee behandeling en ondersteuning. 

Ditt proefschrift beschrijft de behandelresultaten van klinische longrevalidatie en 

behandeltt enkele methodologische problemen bij het meten van die 

behandelresultaten.. De algemene introductie in hoofdstu k 1 geeft een overzicht van de 

kenmerkenn van astma en chronisch obstructieve longziekten (chronic obstructive 

pulmonaryy disease, COPD), gaat dieper in op longrevalidatie en het meten van 

behandelresultatenn bij longrevalidatie, en besluit met de onderzoeksvragen. 

9.22 Behandelresultate n 

Dee behandelresultaten van het klinische longrevalidatie-programma van astmacentrum 

Heideheuvell in Hilversum worden beschreven in de hoofdstukke n 2 en 3. In 1996 en 

19977 namen 56 patiënten met astma en 84 patiënten met COPD deel aan het 

longrevalidatieprogramma.. De belangrijkste uitkomstmaten van dit onderzoek waren 

gezondheidstoestandd en ziekenhuisopnames voor en na longrevalidatie. Andere 

uitkomstmatenn waren medicatiegebruik, inspanningsvermogen, welbevinden, angst, 

depressiee en ziektegedrag. Deze onderzoeksgegevens werden verzameld bij opname, bij 

ontslagg en 6 en 12 maanden na ontslag, met behulp van vragenlijsten, functietesten en 

statusonderzoek. . 

Dee ziekte-emst van deze groep patiënten lijkt hoger te zijn dan bij andere klinische en 

poliklinischee longrevalidatieprogramma's. Tachtig procent van de patiënten heeft in het 
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ziekenhuiss gelegen in het jaar voor longrevalidatie, gemiddeld 53 dagen met een totaal 

vann bijna 6000 ziekenhuisdagen. Daarnaast heeft 80% van de patiënten minstens één 

anderee aandoening en is het aantal exacerbaties tijdens de behandeling erg hoog: 

omgerekendd gemiddeld 7 per jaar bij de patiënten met astma en 10 per jaar bij de 

patiëntenn met COPD. 

Dee belangrijkste behandelresultaten zijn klinisch relevante verbeteringen in 

gezondheidstoestandd en welbevinden, een daling in het gebruik van orale 

corticosteroïden,, en een sterke vermindering van het aantal ziekenhuisopnames in het 

jaarr na longrevalidatie. Zowel het aantal ziekenhuisopnames, het aantal patiënten met 

eenn ziekenhuisopname als het aantal dagen in het ziekenhuis daalden fors: drie- tot 

tienvoudig.. Daarnaast rapporteerden de patiënten grote subjectieve verbeteringen in 

inspanningsvermogen,, in het uitvoeren van dagelijkse activiteiten en in kennis van hun 

aandoeningg en de juiste medicatie. De twee groepen patiënten verbeterden in gelijke 

mate. . 

Tijdenss de vervolgperiode van 1 jaar na ontslag was er wel een duidelijk verschil tussen 

astmaa en COPD. De gezondheidstoestand van patiënten met COPD daalde tot 

ongeveerr het niveau vóór longrevalidatie. Deze verslechtering wordt door alle lange 

termijnn studies van klinische longrevalidatie gevonden. Een belangrijke bevinding van 

hett hier beschreven onderzoek is dat het behandelresultaat wel duurzaam is in 

patiëntenn met astma. Een jaar na longrevalidatie zijn zij nog steeds significant en klinisch 

relevantt beter dan vooraf. 

9.33 Ontbrekend e gegeven s 

Eenn belangrijk probleem in dit onderzoek was dat bij de ontslag- en vervolgmetingen 

steedss zo'n 20% van de patiënten uit het onderzoek viel. Dit is een ernstige bedreiging 

voorr de interne validiteit van een onderzoek indien die uitval selectief is. Als 

bijvoorbeeldd vooral de ziekste patiënten uitvallen, geeft dat een positieve vertekening 

vann het werkelijke behandelresultaat. Uit de non-respons analyse blijkt echter dat er 

geenn verschillen zijn tussen de patiënten die de behandeling en de studie afgerond 

hebbenn en de patiënten die uit het onderzoek vielen. In hoofdstu k 4 wordt op een 

anderee wijze nagegaan of de ontbrekende gegevens de positieve behandelresultaten 

beïnvloeden.. Daarvoor is een beslismodel ontwikkeld waarin de ontbrekende gegevens 

bijj gezondheidstoestand en ziekenhuisopnames geïmputeerd worden vervolgens vier 
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verschillendee scenario's: optimistisch, realistisch, somber en pessimistisch. Bij de 

uitvallerss wordt onderscheid gemaakt tussen uitval die gerelateerd is aan de ziekte of de 

behandelingg (bijvoorbeeld in het ziekenhuis tijdens een vervolgmeting of voortijdig 

afbrekenn van de behandeling) en "studie-gerelateerde" uitval (verhuisd, verdere 

medewerkingg aan studie geweigerd, ziekte van de onderzoeker). Het optimistische 

scenarioo gaat ervan uit dat zowel ziekte-gerelateerde uitvallers als studie-gerelateerde 

uitvallerss net zo sterk verbeteren als de patiënten die de studie afgerond hebben. Dit 

geeftt uiteraard een bevestiging van het positieve behandelresultaat. Het pessimistische 

scenarioo daarentegen, gaat er vanuit dat de studie-gerelateerde uitvallers niet verbeteren 

enn dat de ziekte-gerelateerde uitvallers fors verslechteren. Zelfs het pessimistische 

scenarioo verandert de positieve behandelresultaten niet. De verbetering in 

gezondheidstoestandd blijft significant en boven de drempel voor klinisch relevante 

veranderingg in beide groepen patiënten. De afname van ziekenhuisopnames blijft 

significantt in alle scenario's bij patiënten met COPD en significant tot en met het 

somberee scenario bij patiënten met astma. Deze analyse geeft aan dat de 

behandelresultatenn van longrevalidatie in astmacentrum Heideheuvel robuust en valide 

zijn,, ondanks het grote aantal ontbrekende gegevens. 

9.44 Factoranalys e 6 minute n looptes t 

Dezee studie vond geen verbetering in loopafstand, en dat wijkt af van de meeste studies 

naarr het effect van longrevalidatie. Dit wordt waarschijnlijk veroorzaakt doordat er in 

hett longrevalidatieprogramma van Heideheuvel niet alleen aandacht is voor 

conditietrainingg en spierversterking, maar ook voor temporegulatie, met als doel het 

beterr leren verdelen van energie en het voorkomen van benauwdheid. Deze twee 

interventiess zullen beide het functionele inspanningsvermogen vergroten, maar hebben 

tegengesteldee effecten op de loopafstand, en dat is de enige uitkomstmaat van de meest 

gebruiktee test voor functioneel inspanningsvermogen, de 6-minuten looptest. Daarom 

wordtt in hoofdstu k 5 gekeken of er meer zinvolle informatie over (verandering in) 

inspanningsvermogenn uit de 6-minuten looptest te halen is. Hiervoor werden de 

looptestenn van 83 patiënten met COPD gebruikt. Verschillende variabelen die gemeten 

werdenn tijdens de looptest en met inspanningsvermogen te maken hebben, zoals 

zuurstofsaturatie,, hartslag, ervaren benauwdheid en ervaren belasting, zijn onderzocht 

mett een exploratieve factoranalyse. Factoranalyse groepeert variabelen met gedeelde 
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variantiee in 'factoren', waarna de factorstructuur wordt vereenvoudigd met varimax 

rotatiee om interpretatie mogelijk te maken. Er werd een 4-factor structuur gevonden die 

ruimm 78% van de totale variantie in de dataset verklaarde. Het resultaat van een looptest 

kann worden onderverdeeld in 1) uithoudingsvermogen; 2) stoornis zuurstof transport; 

3)) subjectieve beleving; 4) circulatoire conditie. Bij analyse van verandering in 

inspanningsvermogenn (bij 55 patiënten) blijkt het nut van meerdere factoren. Bij 

composietanalysee - dit wordt hier gedefinieerd als een simultane kwalitatieve uitkomst-

analysee van gerelateerde factoren - blijkt dat zo'n 55% van de patiënten in drie of vier 

factorenn verbeterd, terwijl 7% in drie of vier factoren verslechterd. Daarnaast blijkt uit 

multiplee regressieanalyse dat de subjectieve verbeteringen in inspanningsvermogen die 

vier-vijfdee van de patiënten rapporteerde, niet alleen wordt verklaard door loopafstand, 

maarr ook door minder desatureren en minder benauwdheid. 

9.55 Longitudinal e meeteigenschappe n van de QoLRI Q 

Omm bij interventie-onderzoek de gemeten verandering goed te kunnen interpreteren, is 

hett noodzakelijk om de longitudinale meeteigenschappen van een meetinstrument, 

zoalss het minimale klinisch relevante verschil, te kennen. In hoofdstu k 6 is dat 

uitgezochtt voor de belangrijkste uitkomstmaat van het onderzoek in de hoofdstukken 2 

enn 3: de vragenlijst naar ziekte-specifieke gezondheidstoestand, de Quality of Life for 

Respiratoryy Illness Questionnaire (QoLRIQ). Verschillende longitudinale 

meeteigenschappenn van de QoLRIQ werden onderzocht: de gevoeligheid voor 

verandering,, de longitudinale validiteit, de betrouwbaarheid van de verschilscores, en 

dee grootte van een minimaal (klinisch) relevant verschil. Daarnaast werd de validiteit van 

hett retrospectief beoordelen van verandering onderzocht. De veranderingen in alle 

domeinenn en de totaalscore van de QoLRIQ waren zeer significant, met effectgroottes 

variërendd van matig tot groot. De longitudinale validiteit an de QoLRIQ werd bevestigd 

doorr de sterke correlaties met verandering in zelf-beoordeelde gezondheidstoestand, 

mett zelf-beoordeelde verandering in klachten en symptomen, met verandering in 

verschillendee domeinen van de Rand-36 (een generieke vragenlijst voor 

gezondheidstoestand)) en van de Medisch Psychologische Vragenlijst voor 

Longpatiënten.. De betrouwbaarheid van de verschilscore van QoLRIQ-totaal was hoog, 

mett een intraclass correlatiecoëfficient van 0.90. Er zijn verschillende methodes gebruikt 

omm het minimale relevante verschil van de QoLRIQ te bepalen: via een retrospectieve 
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beoordelingg van verandering in klachten en symptomen door de patiënt, door het 

berekenenn van de standaard meetfout en door terugrekenen vanuit de vuistregels voor 

effectgroottes.. Deze methodes geven een puntschatting van het minimale relevante 

verschill van 0.5 op een 7-punts antwoordschaal, met 0.4 en 0.6 als grenzen. De 

standaardd meetfout van 0.5 komt sterk overeen met wat is gevonden bij drie andere 

vragenlijstenn voor ziektespecifieke gezondheidstoestand die een 7-puntsschaal 

gebruiken. . 

Hett retrospectief laten beoordelen van verandering door patiënten blijkt niet valide te 

zijnn in deze studie. Het oordeel wordt sterk bepaald door de gezondheidstoestand bij 

ontslagg en niet door de gezondheidstoestand bij het begin van de behandeling. 

Daarnaastt is verandering volgens het retrospectieve oordeel significant hoger dan 

veranderingg gemeten met de verschilscore van de QoLRIQ en heeft de groep patiënten 

diee zegt onveranderd te zijn, een gemiddelde verandering in gezondheidstoestand die 

significantt groter dan nul is. Dit betekent dat er een andere klinische onderbouwing van 

hett minimale relevante verschil noodzakelijk is. Daarnaast moet nog worden onderzocht 

off de waarde van 0.5 ook geldig is bij minder ernstige patiënten. 

9.66 Individuel e behandeldoele n 

Eenn belangrijk aspect van het longrevalidatie-programma van astmacentrum 

Heideheuvell is het gebruik van individuele behandeldoelen. De individuele 

behandeldoelenn zijn gebaseerd op de specifieke problemen van iedere patiënt, ledere 

patiëntt werkt gelijktijdig aan twee tot vier doelen. Echter, de gebruikelijke 

uitkomstmaten,, zoals de vragenlijsten en functietesten uit hoofdstuk 2 en 3, richten zich 

opp veel-voorkomende aspecten van een aandoening, en houden onvoldoende rekening 

mett de specifieke klachten van een patiënt en de daarbij behorende interventies. Een 

vragenlijstt over gezondheidstoestand geeft een goed totaalbeeld, maar zegt niets over de 

afzonderlijkee resultaten van de verschillende interventies. In hoofdstu k 7 wordt een 

nieuwee methode beschreven om het resultaat van longrevalidatie te meten door aan 

patiëntenn te vragen om een (subjectief) oordeel te geven in hoeverre zij hun 

behandeldoelenn hadden bereikt. De behandelaars werd om eenzelfde oordeel 

gevraagd.. Dit gebeurde met een 6-punts antwoordschaal, van 'niet' tot 'volledig'. 60% 

vann de 488 beoordeelde doelen (van 79 patiënten) werd volgens de patiënten positief 

afgerondd (score 5 of 6), waarmee zij significant positiever waren dan de behandelaars. 
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Dee validiteit van de beoordelingsmethode werd op verschillende manieren onderzocht. 

Tenn eerste werd de gevoeligheid voor verandering berekend, en die was aanzienlijk 

hogerr dan die van de QoLRIQ, terwijl die laatste toch ook zeer gevoelig is (zie hoofstuk 

6).. Ten tweede werden correlaties uitgerekend tussen oordelen over behandeldoelen en 

veranderingenn in inhoudelijk gerelateerde "standaard"-uitkomstmaten. Hoe specifieker 

dee externe maat, hoe hoger de correlatie was. De noodzaak voor het beoordelen van 

afzonderlijkee behandeldoelen werd onderstreept door het grote aantal behandeldoelen 

waarvoorr geen externe uitkomstmaat gevonden kon worden. Een tekortkoming van de 

methodee is dat de overeenstemming tussen patiënten en behandelaars erg laag is. Dit 

kann waarschijnlijk worden verbeterd door vooraf duidelijke omschrijvingen te maken 

vann de verwachte resultaten van ieder behandeldoel, zoals ook gebeurt in Goal 

Attainmentt Scaling. 

9.77 Aanbevelinge n 

Dee bevindingen in dit proefschrift geven aanleiding tot aanbevelingen voor verder 

onderzoek.. Dit onderzoek geeft duidelijk aan dat ook patiënten met astma baat hebben 

bijj klinische longrevalidatie. Echter, om dit nut onomstotelijk aan te tonen, is een 

gerandomiseerdee trial noodzakelijk. Een intrigerende bevinding is dat patiënten met 

COPDD klinisch sterk verbeterd zijn - flink minder ziekenhuisopnames - maar dat 

desondankss hun gezondheidstoestand en welbevinden in het vervolgjaar weer 

verslechterenn naar het niveau vóór longrevalidatie. Vanuit het oogpunt van zowel 

patiëntenn als zorgverzekeraars is deze snelle achteruitgang zorgwekkend, en daarom is 

hett zinnig om na te gaan of nazorg in de vorm van een onderhoudsbehandelprogramma 

dezee achteruitgang kan voorkomen. Omdat onderhoudsbehandeling vanuit 

Heideheuvell zelf lastig te organiseren is doordat reizen erg belastend is voor veel 

patiënten,, is decentrale nabehandeling, bijvoorbeeld door plaatselijke fysiotherapeuten 

en/off psychologen, een alternatief. 

Inn Heideheuvel wordt vaak de term "complexe problematiek" gebruikt. Zolang deze 

termm ongedefinieerd blijft, zal het moeilijk zijn om aan te tonen dat de patiënten die 

naarr Heideheuvel worden verwezen een speciale groep vormen die interdisciplinaire, 

geïndividualiseerdee behandeling nodig hebben. Op basis van de WHO-classificatie van 

functie,, beperking en gezondheid zou een "illness complexity index" ontwikkeld kunnen 

worden,, uitgaande van gevalideerde functietesten en vragenlijsten. Een essentieel 
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onderdeell van complexe problematiek, namelijk de interactie tussen primaire ziekte, 

comorbidee aandoeningen en ziektegedrag is echter veel moeilijker te karakteriseren en 

tee kwantificeren. Dit vereist een eenduidige beoordelingsmethode die zal moeten 

wordenn ontwikkeld in nauwe samenwerking met de behandelteams. 

Ookk wat betreft het meten van het effect van longrevalidatie blijven er vragen liggen. Zo 

iss het nog steeds niet duidelijk wat de beste test is voor het meten van het functioneel 

inspanningsvermogen,, en is er nog geen overeenstemming over hoeveel en welke 

meetinstrumentenn gebruikt moeten worden, hetgeen het vergelijken van verschillende 

programma'ss bemoeilijkt. Daarnaast behoort het meten van behandelresultaten een vast 

onderdeell van een longrevalidatie-programma te zijn, ten behoeve van verwijzers en 

zorgverzekeraarss en ter reflectie op het eigen handelen. Om het effect van uitgebreide 

klinischee longrevalidatie-programma's volledig weer te geven, ontbreekt het echter nog 

aann gevalideerde en gevoelige uitkomstmaten voor interventies binnen fysiotherapie, 

verpleging,, en bij psychosociale behandeling en recreatieve therapieën. 



MyMy pen falters, then falls from my knuckly grip 

Robinn Hobb 

AssassinsAssassins apprentice, 7995 
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Eenn proefschrift schrijven doe je nooit zonder hulp van anderen. Daarom een dankwoord, 

waarinn een aantal personen genoemd worden zonder wie dit proefschrift niet bestaan had. 

Tenslotte,, zonder promotoren geen promotie, zonder partner geen tijd om te schrijven, 

zonderr patiënten geen data, zonder Heideheuvel geen werkplek, zonder subsidiegever 

geenn geld. Maar: zonder promovendus geen proefschrift, en daarom wil ik eerst alle 

zorgverlenerss bedanken die de afgelopen 5 jaar geprobeerd hebben mijn lijf weer pijnvrij 

enn functionerend te krijgen. In chronologische volgorde: Bea Leenen, cesartherapeut; 

Christiaann Kruiswijk, fysiotherapeut; YangZhi Gang, acupuncturist; Paul Bouma, neuroloog; 

Ellenn van der Hoek, ergotherapeut; Arjan Meijer, prothesenmaker; H. Ponssen, 

neurochirurg;; Boris van der Vorst, Marije de Leur en Sandra Terlouw, fysiotherapeuten. 

Boris,, mijn spieren zullen je vaardigheid in het vinden van de meest pijnlijke plekken nog 

langg herinneren. 

Zonderr patiënten geen onderzoek, dus daarom wil ik alle patiënten bedanken voor alle 

inspanningstestenn en het steeds weer invullen van een waslijst aan vragenlijsten. Achter alle 

tabellenn in dit proefschrift gaan echte mensen schuil! 

Prof.. dr. J.M. Bogaard, beste Jan. Zonder jouw enthousiasme en stimulans was ik al lang 

geledenn gestopt met dit promotieonderzoek. Je regelmatige opmerking "volgende keer heb 

ikk nog anderhalf uur t i jd" heeft tot heel wat gepieker geleid: waar moest ik het dan weer 

overr hebben? Maar het heeft wel tot het eerste artikel en uiteindelijk tot dit proefschrift 

geleid. . 

Prof.. dr. W. Everaerd, beste Walter. Ik had nooit gedacht datje "ja" zou antwoorden op 

mijnn vraag of je mijn promotor wilde worden. Mijn dank voor je kritische blik en de ruimte 

omm eigen ideeën uit te werken. 

Mijnn begeleiders in Heideheuvel, dr. V.T. Colland en drs. L.H.M. Rijssenbeek-Nouwens, 

will ik bedanken voor hun inzet om mijn onderzoek goed van de grond te krijgen én 

draaiendee te houden. Vivian en Lous, jullie hadden de ondankbare taak een dwalend 

onderzoek(er)) op het rechte spoor te krijgen. Dat is jullie aardig gelukt, alhoewel ik het toch 

nogg steeds niet kan laten om details uit te werken. 

Dee longfunctie-assistentes heb ik regelmatig lastig gevallen met vragen over 

longfunctiemetingen,, saturatiemeters en ergometers. Alice, Christine, Aty en Anita, bedankt 

voorr jullie medewerking. Anita en Christine wil ik speciaal bedanken voor het overnemen 

vandefollow-upp metingen toen ik ziek was. Zonder jullie inzetzou dit proefschrift een stuk 

dunnerr zijn. 
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Dee arts-assistenten hebben mij geholpen met het medisch verantwoord afnemen van de 

inspanningstesten.. Koos, Ria, Henko, Karin, Marjoke, bedankt voor jullie ti jd. Koos, ik heb 

onzee samenwerking rondom de behandeldoelen en het nadenken over hoe het 

behandelprocess eruit zou moeten zien zeer gewaardeerd. 

Mijnn kamergenoten in Heideheuvel: Marjolein, Bert, Rianne, Carolien, Monique, Peter, 

Maria:: bedankt voor het gezelschap en alle discussies over onderzoeksperikelen! Peter, ik 

hoopp dat we nog veel onderzoek samen kunnen doen. Rianne, ik ben blij dat we opnieuw 

collega'ss zijn. 

Bijj een deel van mijn onderzoek heb ik hulp gekregen van enkele studenten: Danielle 

Aelbers,, Marieke Wonink en Nicky Heins. Bedankt voor het invoerwerk en het meedenken. 

Dee artsen en psychologen van Heideheuvel wil ik bedanken voor het beantwoorden van 

mijnn vele vragen en voor hun belangstelling voor de afronding van dit proefschrift. 

Mijnn bewondering voor de wijze waarop mijn vrienden zonder te lachen mij aan bleven 

horenn als ik weer eens zei dat ik dft jaar toch echt zou gaan promoveren. Oké, het is een 

paarr jaartjes later geworden, maar het is nu toch gelukt. 

Enn laat ik niet vergeten de donkere zolderkamer te noemen waar de data-analyse en het 

schrijvenn van dit proefschrift is gebeurd. 

Pa,, het heeft lang geduurd, maar het is nu eindelijk klaar. Ik waardeer het zeer dat je altijd 

inn me bent blijven geloven. 

Elsie,, zonder jouw hulp, steun en motivatie was dit proefschrift er nooit gekomen. Je hebt 

mee geholpen metdata-invoer en thuis alles gedaan toen mijn armen niet meer wilden, me 

opp de goede momenten met rust gelaten of juist een flinke schop gegeven, me de nodige 

tijdd gegeven toen het af moest, en me steeds weer aangehoord als ik weer wat 

onderzoeksfrustratiee kwijt moest. En dat terwijl je statistiek zo saai vindt. 

Eigenlijkk verdien je co-auteurschap bij alle artikelen en een dankwoord van een paar 

kantjess en een grote bos bloemen en .... 
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WarningWarning signs of RSI: 

pain,pain, fatigue, tingling, numbness, heaviness, hypersensitivity, 

lossloss of strength, clumsiness, cold hands. 

Emill Pascarelli & Deborah Quilter 

RepetitiveRepetitive Strain Injury: A Computer User's Guide, 1994 
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1. . 
Klinischee longrevalidatie resulteert in een verbeterde 
gezondheidstoestandd en een daling in ziekenhuisopnames. 

2. . 
PatiëntenPatiënten met astma hebben langdurig profijt van klinische 
longrevalidatie. . 

3. . 
Err is een discrepantie tussen de daling in ziekenhuisopnames 
enn de achteruitgang in gezondheidstoestand in het jaar na 
klinischee longrevalidatie bij patiënten metCOPD. 

4. . 
Dee QoLRIQ is een valide en betrouwbaar instrument om 
veranderingenn in kwaliteit van leven bij patiënten met matig 
tott ernstig astma of COPD te meten. 

5. . 
Imputerenn volgens verschillende scenarios is een goede 
manierr om de robuustheid van onderzoeksresultaten met 
eenn groot aantal ontbrekende waarnemingen te testen. 

6. . 
Omm de tegenstrijdige effecten van temporegulatie en 
conditietrainingg op het inspanningsvermogen na te gaan, is 
hett nodig om naast loopafstand ook desaturatie en ervaren 
benauwdheidd te meten. 

7. . 
Werkenn met individuele behandeldoelen vereist een 
individueell gerichte uitkomstmeting. 

8. . 
Medicinee is increasingly about complex and multiple 
interventionss in chronically sick and often elderly patients 
withh marginal improvements. 
Editor,Editor, BMJ 2003;326 

9. . 
Completionn of a research project will take twice as long as 
yourr last estimate and three times as long as your first 
estimate. . 
Hodgsonn & Rollnick, 1989, in: Behavioural and mental health 

research:research: A handbook of skills and methods. 

10. . 
Ontstaann en herstel van RSI worden sterk bepaald door de 
letterlijkee én de figuurlijke werkhouding. 

11. . 
Hett is moeilijker om uit de WAO te komen dan erin. 

12. . 
Schermenn is geen vechtsport maar een echtsport, gezien het 
aantall huwelijken binnen schermvereniging Pallós. 

13. . 
Statistiekk doen is net slagroom kloppen: als je te lang 
doorgaat,, worden je resultaten boterzacht 

14. . 
Lïï mae ik ae 't af en ai je 't aers mö aen doe j ' t zelf mae. 
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