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a complex intervention

Milo A. Puhan
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Respiratory rehabilitation is a multi-component intervention that addresses pulmonary

and systemic manifestations of advanced Chronic Obstructive Pulmonary Disease

(COPD) (table 1). The main components are physical exercise to reverse peripheral

muscle dysfunction and patient education to improve the patients’ ability to cope inde-

pendently with COPD. Additional interventions include smoking cessation, optimisa-

tion of pharmacological treatment, nutritional advice, relaxation exercises and psycho-

logical support.1-3

Physical exercise is particularly important because it addresses peripheral muscle dys-

function, an important systemic manifestation of COPD that is prevalent in about 70 %

of COPD patients.4;5 Clinically, it is characterized by early fatigability for daily activities

requiring exercise endurance, for example walking, and by difficulties performing activ-

ities where muscle strength is needed such as doing housework.6 These limitations lead

to a sedentary life style with negative consequences on social and professional life.7 Low

exercise capacity is also an important risk factor for severe exacerbations requiring hos-

pitalisations and for early death.8-12 Because of its prognostic importance, low exercise ca-

pacity has become part of a new system for staging severity of COPD.8

A strong body of evidence shows that physical exercise, when performed under su-

pervision during respiratory rehabilitation, improves exercise capacity, the performance

of activities of daily living, dyspnea and, as a consequence, quality of life.13 In patients suf-

fering from repeated exacerbations, preliminary evidence suggests that physical exercise

also reduces the risk for hospitalisations.14 Therefore, respiratory rehabilitation has be-

come an important part of the COPD management and no randomised controlled trials

are required anymore evaluating its efficacy.13;15

The clinical problem

Physicians and physiotherapists face the challenge of finding an exercise protocol that is

both effective and endurable. Patients with COPD, in particular those with advanced

stages, have substantial difficulties following an exercise program because they are lim-

ited by dyspnea, leg pain and fatigue.16 Guidelines recommend that endurance exercise

should be part of every rehabilitation program while strength exercise can be added if

available. Endurance exercise should be performed on treadmills or stationary bicycles

at continuously high intensities of at least 70 % of maximum exercise capacity.2;3 While

8 Introduction
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patients with mild to moderate COPD may be able to follow this exercise protocol, a

majority of patients with severe COPD cannot adhere to it.16 For these patients, supple-

mental interventions such as oxygen during exercise, assisted ventilation or the use of

bronchodilators have been suggested to better tolerate exercise.17-20

Given the challenge of finding effective and sustainable exercise protocols, there is an

ongoing discussion about the design of physical exercise programs.2;21;22 The main ques-

tions that need to be answered are which endurance exercise protocol is most appropri-

ate and the yet unclear role of strength exercise and of supplemental interventions. To

inform the decision for or against certain exercise protocols or supplemental interven-

tions, randomised trials directly comparing two or more forms of exercise are required.

Planning of a pragmatic trial

This thesis describes essential steps in the planning of a randomised trial comparing high

intensity continuous exercise, the endurance exercise protocol proposed by guidelines,

and an interval exercise protocol for patients with severe COPD. Randomised trials that

compare different treatments, also called pragmatic trials, require careful planning be-

cause they pose challenges to the researcher.

A pragmatic trial should foremost inform a treatment decision.23;24 Therefore, the tri-

al should include a population that is relevant for the clinical decision at issue and eligi-

9Respiratory rehabilitation

Table 1 Manifestations of advanced COPD and components of respiratory rehabilitation

Manifestation Relevance Component of respiratory rehabilitation
Dyspnea Impairment for activities of daily living Physical exercise

Aggravation of peripheral muscle dysfunction
Indicator for poor prognosis*

Peripheral muscle dysfunction Impairment for activities of daily living Physical exercise
Reduced participation in social and professional life
Reduced health-related quality of life
Indicator for poor prognosis*

Poor self-management Inefficient use of medication Patient education
Poor self-awareness
Frequent exacerbations
Indicator for poor prognosis*

Depression and anxiety disorders Reduced participation in social and professional life Psychological support
Reduced health-related quality of life Physical exercise

Relaxation exercises
Low body-mass index Indicator for poor prognosis* Nutritional advice and intervention

* Poor prognosis = increased risk for exacerbations and death
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bility criteria should not be too restrictive. Otherwise, applicability of the results may be

compromised. Also, the interventions to be compared should be readily available in clin-

ical practice and not be restricted to highly specialised health care facilities. The broad-

er the applicability of the intervention is, the more likely it is that the pragmatic trial will

influence clinical practice. Third, the outcomes should be clinically relevant and reflect

treatment goals that are important to patients such as symptoms, activities of daily liv-

ing, health-related quality of life or exacerbations.23 24

Another aspect that is crucial for the design of a pragmatic trial is to define its objec-

tive.25-27 Often, it is not the objective to show superiority of one intervention over the oth-

er but to show clinical non-inferiority or equivalence of the intervention that is less cost-

ly, preferred by patients or associated with less adverse events. In most published prag-

matic trials, however, the aim (to show superiority, non-inferiority or equivalence) re-

mains unclear. Usually, it is quite unrealistic to find statistically significant or clinically

relevant differences between two active interventions. This is problematic because one

cannot claim non-inferiority or equivalence based on non-significant differences be-

tween the interventions and without a priori definitions of clinical non-inferiority or

equivalence.27

Pragmatic trials, being superiority, non-inferiority or equivalence trials, are likely to

become the most prevalent study design to address future therapeutic research ques-

tions. It will often be impossible to compare new treatments with sham interventions if

effective therapies exist because latter cannot be withheld from patients. In contrast to

trials with sham interventions, the aim of many future trials will be to show superiority

of new treatments in terms of adverse events, patient preferences or costs while efficacy

should be non-inferior to existing standard treatments.

Respiratory rehabilitation in Switzerland in 2002

The situation of respiratory rehabilitation in Switzerland was typical for that of many

countries in 2002. Although evidence strongly supported respiratory rehabilitation13, we

found in a survey of Swiss program directors that there was substantial uncertainty

about the design of such programs.28 Reports from the program directors indicated sub-

stantial variability in exercise protocols used in clinical practice. No systematic reviews

were available at that time to inform the selection of appropriate exercise programs.

10 Introduction
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Thus there was a need to systematically review the literature about exercise protocols

for COPD patients. Systematic reviews would allow appreciation of the existing evi-

dence and facilitate the planning of our trial.

As in other countries with a non-English speaking population, prevailing measures

for health-related quality of life were not available in German-speaking countries in

2002. The lack of validated instruments is a common situation when planning a trial. In-

vestigators need to decide whether to develop or translate such as instrument or go

without it. In the case of respiratory rehabilitation in COPD patients, health-related

quality of life is considered to be a crucial outcome so that almost all trials include it. Not

using a health-related quality of life measure in a trial would, therefore, represent a ma-

jor omission limiting interpretation and comparisons with other trials. The most widely

used instrument is the chronic respiratory questionnaire29 (CRQ) because it is particular-

ly suitable for evaluation of respiratory rehabilitation. The questionnaire asks the patients

about dyspnea associated with activities of daily living but also about fatigue, emotional

state and coping with COPD. Thus the CRQ addresses important symptoms of periph-

eral muscle dysfunction and their potential negative consequences on emotional func-

tioning and control over illness.

Economic analysis of respiratory rehabilitation was and still is an important issue be-

cause required by regulation agencies of many countries. Benefits of respiratory rehabil-

itation may outweigh its costs but evidence is limited so far.30 This may be partly attrib-

uted to the fact that little experience with tools for economic analyses in COPD research

such as preference-based instruments existed in 2002. Thus research evaluating prefer-

ence-based instruments in COPD patients is necessary to make them available for use in

trials.

Outline of the thesis

This thesis provides an example about the planning of a clinical trial that addressed a

clinically important question. Chapter two contains two systematic reviews about ran-

domised trials comparing different exercise protocols for COPD patients and about sup-

plemental interventions to further enhance the effects of exercise. Chapter three de-

scribes the translation, adaptation and validation process of a COPD-specific instrument

to evaluate therapies, in particular respiratory rehabilitation. Methodological issues of

11Respiratory rehabilitation
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12 Introduction

psychometric measurement for two widely used preference-based instruments, the feel-

ing thermometer and standard gamble, are in the focus of chapter four. Chapter five con-

tains the clinical trial comparing interval and continuous high intensity exercise for pa-

tients with severe COPD. Finally, chapter six summarizes the research and outlines a

agenda for questions that need to be addressed in the future.
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Abstract

Background

Physical exercise is an important component of respiratory rehabilitation because it re-

verses skeletal muscle dysfunction, a clinically important manifestation of COPD asso-

ciated with reduced health-related quality of life (HRQL) and survival. However, there

is controversy regarding the components of the optimal exercise protocol. We systemat-

ically evaluated and summarised randomised controlled trials (RCTs) comparing differ-

ent exercise protocols for COPD patients.

Methods

We searched six electronic databases, congress proceedings and bibliographies of includ-

ed studies without imposing language restrictions. Two reviewers independently

screened all records and extracted data on study samples, interventions and method-

ological characteristics of included studies. 

Results

The methodological quality of the 15 included RCTs was low to moderate. Strength ex-

ercise led to larger improvements of HRQL than endurance exercise (weighted mean

difference for chronic respiratory questionnaire 0.27, 95 % CI 0.02 to 0.52). Interval exer-

cise seems to be of similar effectiveness compared to continuous exercise, but there are

few data on clinically relevant outcomes. One small RCT including patients with mild

COPD compared the effect of high and low intensity exercise (at 80 % and 40 % of the

maximum exercise capacity, respectively) exercise intensities and found larger physio-

logical training effects from high intensity exercise.

Conclusions

Strength exercise should be routinely incorporated in respiratory rehabilitation. Evi-

dence is insufficient to recommend high intensity exercise for COPD patients and inves-

tigators should conduct larger high-quality trials to evaluate exercise intensities in pa-

tients with moderate to severe COPD.

16 Chapter 2 a
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Introduction

Chronic obstructive pulmonary disease (COPD) is the only cause of death from chron-

ic disease that will increase worldwide until 20201 and it represents a big burden for pa-

tients2 and society3-5. Respiratory rehabilitation combining interventions on the respira-

tory system (i. e. smoking cessation), psychological support (i. e. coping strategies) and

physical exercise improves exercise capacity and health-related quality of life (HRQL)6

and is maybe cost effective7.

Over the last years, investigators and clinicians increasingly recognised the role of

skeletal muscle dysfunction as an indicator of advanced stages of COPD.8-12 Consequent-

ly, the physical exercise component has become a cornerstone of respiratory rehabilita-

tion.13-17 Several studies showed that physical exercise reverses COPD induced skeletal

muscle dysfunction as well as the morphologic and metabolic changes of skeletal mus-

cles.18;19 There is, however, substantial variation in exercise protocols used in clinical tri-

als.20-23 This variation feeds an ongoing debate on the optimal exercise protocol13;19;24 and

on how the general, effect-modifying principles, training intensity, specificity and revers-

ibility known from healthy subjects25 apply to COPD patients. Trial results are conflict-

ing in regards to the intensity at which COPD patients should exercise, how intensity

should be determined and whether continuous or interval exercise is most appropriate.

In addition, although most investigators agree that endurance exercise for lower extrem-

ities should be the main exercise modality14;24, the role of strength and upper body exer-

cise remains unclear.

Previous reviews focused on the question whether respiratory rehabilitation including

physical exercise is effective at all to improve exercise capacity and HRQL. Trials ad-

dressing this question compared the intervention against groups without any exercise

programme.6 These studies did not provide answers on the relative benefits and disad-

vantages of different exercise protocols. Therefore, the aim of this systematic review was

to analyse all available randomised controlled trials (RCTs) with head-to-head compar-

isons of at least two exercise protocols (different exercise modalities and intensities or

combinations thereof ) to improve exercise capacity and HRQL in COPD patients.

17Exercise for COPD patients
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Methods

Identification of studies

We searched Medline (Ovid version, New York, NY, from inception to May 2004), Em-

base (DataStar version, Cary, NC, from inception to November 2003), Pedro (online ver-

sion, University of Sydney, Australia, November 2003) and the Cochrane Central Regis-

ter of Controlled Trials (Oxford, United Kingdom, 2004, Issue 1) to identify relevant ar-

ticles. We also searched the Science Citation Index database (Web of Science, Thomson

ISI, Philadelphia, Pennsylvania) and PubMed using its “related articles” function (Na-

tional Library of Medicine, 8600 Rockville Pike, Bethesda, MD 20894) by entering all in-

cluded studies. The detailed search strategy is available on request.

Hand searches of the proceedings of the International Conferences of the American

Thoracic Society and the congress of the European Respiratory Society, reference

checks of bibliographies of all included studies and of reviews on respiratory rehabilita-

tion or physical exercise in patients with COPD that we identified in the literature

search and contacts with authors complemented our searches.

Selection criteria

We included RCTs comparing different exercise modalities and intensities or combina-

tions thereof that followed standardised exercise protocols for patients with COPD. We

focused on standardised exercise protocols because only these allow replication in clin-

ical practice. We defined a standardised exercise protocol as the use of an identical exer-

cise activity for all patients (e. g. treadmill walking, cycle ergometer training or weight

lifting) at measurable exercise intensity (e. g. in Watts, number of repetitions, kilograms

or percentage of one repetition maximum). We included studies if more than 90 % of

study participants patients had COPD defined according to the following criteria: (1) a

clinical diagnosis of COPD, (2) irreversible airways obstruction and (3) one of the fol-

lowing: (a) best recorded FEV1/FVC ratio of individual patients < 0.7; (b) best recorded

FEV1 of individual patients < 70 % of predicted value. We considered the following out-

come measures: HRQL as measured by generic (e. g. Short Form-36) or disease-specif-

ic (e. g. chronic respiratory questionnaire [CRQ]) questionnaires, symptom scales, func-

tional exercise capacity as measured by 2-, 4-, 6-, 12-minute walk test or a shuttle walk

test and maximum exercise capacity as measured by incremental or constant work rate

18 Chapter 2 a
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exercise tests on cycle ergometers or treadmills. In addition, we extracted data on exer-

cise tolerance (adherence to exercise protocols, completion of exercise programme, loss-

es to follow-up) and on physiologic parameters documenting training effects (e. g. lac-

tate, anaerobic threshold) for studies where no clinical outcomes were available. We did

not impose language restrictions. 

Data extraction and quality assessment

We stored the bibliographic details of all retrieved articles in a Reference Manager file

(Professional Edition Version 10, ISI ResearchSoft, Berkeley, California) and removed

duplicate records resulting from the various database searches. Two members of the re-

view team independently scrutinized titles and abstracts of all identified citations (see fig-

ure 1). We ordered the full text of any article that was deemed potentially eligible by one

of the reviewers. The two reviewers evaluated the full text of all retrieved papers, made

a decision on in- or exclusion and discussed the decisions. Any disagreement was re-

solved by consensus with close attention to the inclusion/exclusion criteria. Final deci-

sions on papers were recorded in the Reference Manager file and bibliographic details as

well as the reasons for exclusion. We recorded the initial degree of discordance between

the reviewers and corrected discordant scores based on obvious errors. We resolved dis-

cordant scores based on real differences in interpretation through consensus or third

party arbitration.

One reviewer extracted details about study patients, interventions and outcome

measures as well as the results in a predefined data form and the second reviewer

checked the data extraction for accuracy. We pilot-tested the data forms using five stud-

ies with high likelihood for inclusion. We contacted the authors of the primary studies to

obtain missing information. If only the abstract was available without any further infor-

mation from the authors, we excluded the study from the analysis.

Two reviewers independently evaluated the quality of included trials using a detailed

list of quality items assessing components of validity.26

Methods of analysis and synthesis

We summarized the results of the data extraction and assessment of study validity in

structured tables to explore the variation in patient characteristics, interventions, out-

come measures, study quality and results. In addition, we used forest plots to compare

19Exercise for COPD patients
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results across the trials. If appropri-

ate, we planned to explore sources of

heterogeneity (i. e. differences be-

tween studies) using multivariable

regression models (meta-regression

analysis) where a priori defined clin-

ical and methodological items

would serve as explanatory variables. 

A priori defined explanations for

heterogeneity across trials were sev-

erity of disease, length of the inter-

vention (< or ≥ 6 months), exercise

modality (for example endurance ex-

ercise on bicycle or treadmill), exer-

cise intensity (for example strength

exercise with high work load and

few repetitions versus low work

load and numerous repetitions), ex-

ercise tests used to determine exer-

cise load and comprehensiveness of

rehabilitation programme (patient

education, psychosocial support,

breathing exercises, relaxation ther-

apies).

We pooled trial results by calculating weighted mean differences. Since random and

fixed effect models produced the same results, we presented the results from fixed effect

models only. No pooling was undertaken in presence of significant heterogeneity (p < 0.1

for Q statistic). 

Whenever possible, estimates and confidence limits were related to the minimal im-

portant difference (MID)27 for each outcome. We assessed whether the estimates and

95 % confidence limits for the difference between study groups exceeded the MID (for

the Six-minute walk distance the MID is ± 53 meters28, (CRQ) ± 0.5 on seven point

scales29 and St. George’s respiratory questionnaire ± 4 points30). 
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Total citations identified from electronic databases (Medline, Embase, Pedro, CENTRAL)
n = 1503

Citations excluded after screening titles and abstracts 
n = 1462

Studies retrieved for detailed evaluation: 
• from electronic databases: n = 41
• from hand searching (conference proceedings, reference lists of reviews and identi-

fied studies, Science Citation Index and “related articles”function of PubMed entering
identified studies): n = 7

Total: n = 48

Initial agreement on
in- and exclusion:
87 %, k = 0.69

Excluded after full text assessment
Reasons for exclusion:
• Only abstract available without any further informa-

tion from authors: n = 3
• Only exercise testing, no exercise programme: n = 2
• No RCT: n = 13
• Control group without exercise: n = 9
• Not standardised exercise program: n = 4
• Same exercise program for both groups: n = 2
Total: n = 33

All studies identified in review: n = 15
From electronic databases: n = 14
From hand searching: n = 1

Exercise protocols compared: n = 17
High versus low intensity: n = 2
Continuous versus interval exercise: n = 3
Endurance versus strength exercise: n = 4
Endurance versus endurance plus strength exercise: n = 6
Others: n = 2

Two studies reported on more than one comparison, for details see tables 2 and 3.

Figure 1: Study flow from identification to final inclusion of studies
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All statistical analyses were done with STATA (version 8.2, Stata Corp., College Sta-

tion, Texas).

Results

Study selection

Figure 1 shows the study selection process and agreement on study inclusion. Of the 18

trials fulfilling the inclusion criteria, we excluded 3 trials31-33 from further analysis be-

cause they were published as abstracts and the authors were unable to provide further

details.

Quality assessment

The table in the online supplement shows the methodological quality of included trials.

Agreement in the quality assessment was 90.7 % for all items (k = 0.72). In general, most

included trials scored poorly on the checklist used. Just one trial34 described concealment

of random allocation, another trial35 used stratification to control for prognostically im-

portant variables and one trial34 reported blinding of outcome assessors.

Comparisons of training modalities

Endurance exercise versus strength exercise

Four trials compared endurance and strength exercise (table 1, see appendix).34;36-38 The

weighted mean differences showed larger improvements with strength exercise for all

CRQ domains (figure 2). The differences were statistically significant for the emotional

function domain (–0.38, 95 % CI –0.01 to –0.74) and for the CRQ total score (–0.27, 95 %

CI –0.02 to –0.52). 

Three trials showed greater improvement of six-minute walking distance for patients

with endurance exercise (figure 3), but the weighted mean difference did not reach sta-

tistical significance (15 meters, 95 % CI –14 to 44). One trial37 found larger improvements

of functional exercise capacity using shuttle walk tests for the group with strength exer-

cise (70 meters, 95 % CI –19 to 159), but the variability in the results was much larger

compared with the other trials that used six-minute walking tests. The endurance exer-

cise group showed larger improvements in maximum exercise capacity in one trial37

(mean difference between endurance and strength exercise groups of 6 Watt, 95 % CI

21Exercise for COPD patients
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–2.2 to 14.2), while there were similar improvements for endurance and strength exer-

cise in another trial34 (mean difference –1 Watt, 95 % CI –11.5 to 9.5). Two trials showed

significantly larger improvements of exercise time during constant work rate tests for the

strength exercise group (5.7 minutes, 95 % CI 3.0 to 8.436, and 25.3 minutes, 12.7 to

37.937). 

Ortega37 and Normandin36 found significantly larger improvements of skeletal muscle

strength in the strength exercise group while Spruit34 observed similar improvements in

both groups. The exercise programmes of Spruit differed from those of Normandin and

Ortega in that patients had two types of endurance training (table 1, see appendix),

which may have resulted in a cross-over effect leading to an absence of differences be-
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Normandin 2002 (20/20)

Ortega 2002 (16/17)
Spruit 2002 (16/14)

Combined (52/51)

–0.30 (–0.85 to 0.25) 

0.00 (–0.55 to 0.55) 

0.25 (–0.75 to 1.25)

–0.12 (–0.54 to 0.29)

Q = 1.025, p = 0.599 

–0.28 (–0.87 to 0.32) 

–0.40 (–1.01 to 0.21) 

0.00 (–1.04 to 1.04) 

–0.27 (–0.70 to 0.17)

Q = 0.365, p = 0.833

–0.39 (–0.86 to 0.09) 

–0.70 (–1.18 to –0.22) 

0.00 (–0.82 to 0.82)

–0.38 (–0.74 to –0.01)

Q = 1.468; p = 0.480 

–0.18 (–0.59 to 0.24) 

–0.10 (–0.58 to 0.38) 

–0.25 (–1.12 to 0.62)

–0.17 (–0.51 to 0.17)

Q = 0.064, p = 0.969

Normandin 2002 (20/20)

Ortega 2002 (16/17)

Spruit 2002 (16/14)
Combined (52/51)

Normandin 2002 (20/20)

Ortega 2002 (16/17)

Spruit 2002 (16/14)
Combined (52/51)

Normandin 2002 (20/20)

Ortega 2002 (16/17)

Spruit 2002 (16/14)

Combined (52/51)

Combined (52/51)

Favors strength Difference between CRQ Favors endurance 
exercise change scores exercise

–0.27 (–0.52 to –0.02)

Q = 1.058; p = 0.589

-1 -.75 -.5 -.25 0 .25 .5 .75 1

Dyspnea

Fatigue

Emotional
function

Mastery

All domains

CRQ domain Differences (95 % CI)

Study (n endurance 
exercise/strength 

exercise

Figure 2: Results from three trials, in which the CRQ was used to compare strength exercise with endurance exercise. Boxes with
95 % confidence intervals represent point estimates for the difference between the CRQ change scores (from baseline to follow-
up) of the study groups. A difference of 0 means that both study groups improved or deteriorated to the same amount. Results are
presented per CRQ domain. Dashed lines at ± 0.5 represent the minimal important difference of the CRQ.
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tween the strength and endurance exercise groups. However, the number of trials was

too small to assess this source of heterogeneity statistically.

The number of patients not completing the exercise programme was similar in groups

with endurance (Normandin n = 7, Ortega n = 2 and Spruit n = 8) and strength exercise

(Normandin n = 7, Ortega n = 1 and Spruit n = 10).

Endurance exercise versus endurance plus strength exercise

Six articles37-42 reported on seven RCTs comparing endurance exercise only versus en-

durance plus strength exercise (table 1, see appendix). Wurttemberger presented the re-

sults of patients with and without oxygen desaturation during exercise separately in one

article38. Five trials37-40 had similar exercise protocols for the study groups with endurance

only or combined endurance plus strength exercise. There were no differences between

groups in terms of HRQL or functional and maximum exercise capacity improvements

(figures 4 and 5). Improvements in exercise endurance were similar in both groups in

one trial40 (mean difference between endurance exercise alone and combined endurance

and strength exercise group –0.3, 95 % CI –8.1 to 7.5), while another trial37 showed larger,

though statistically not significant, improvements in the endurance exercise group (mean

difference 9.6 minutes, 95 % CI –3.9 to 23.1). Thus the larger improvements of muscle

strength in the groups with endurance plus strength exercise as reported in three tri-

als37;39;40 did not translate into additional benefits in terms of HRQL or exercise capacity.
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Spruit 2002 (14/16)

Study (n strength exercise/
endurance exercise Differences (95 % CI)

16 (–32 to 64)

16.8 (–46 to 80)

14 (–31 to 59)

15 (–14 to 44)
(Q = 0.001, p = 0.996)

Wurttemberger 2001 a (10/14)

Wurttemberger 2001 b (10/14)

Combined (34/44)

-60 -30 0 30 60 90

Favors strength Walking distance (meters) Favors endurance 
exercise Difference between exercise

change scores

Figure 3: Results from three trials, in which walking tests were used to compare strength exercise with endurance exercise. Boxes
with 95 % confidence intervals represent point estimates for the difference between the walking distances (from baseline to 
follow-up) of the study groups. A difference of 0 means that both study groups improved or deteriorated to the same amount.
Dashed lines at ± 53 meters represent the minimal important difference of the six-minute walk test.
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Continuous versus interval exercise

Three trials compared continuous and interval exercise (tables 2 and 3, see appendix).35;43;44

One trial43 found a larger increase of peak oxygen consumption and lower lactate levels at

sub-maximal exercise intensity with continuous exercise compared to interval exercise. In

contrast, only interval exercise led to significant increases of maximum exercise capacity

and decrease of leg pain during exercise. 91 % of patients with continuous exercise and

90 % of patients with interval exercise completed the exercise programme. In another tri-

al35 HRQL, maximum exercise capacity and peak oxygen uptake improved significantly

in both groups without significant differences between them. Attendance rate for exercise

sessions was 88 % for continuous exercise and 90 % for interval exercise in this trial. Final-

ly, in the third trial44 patients with interval exercise had a trend towards larger improve-

ments of 6-minute walking distance compared with patients with continuous exercise.

Other comparisons

Rooyackers45 (table 2, see appendix) assessed the additional value of eccentric exercise

(negative work) when added to interval exercise. Patients tolerated additional eccentric

exercise for 15 minutes at moderate to high intensity (mean 69 % of maximum exercise

capacity) well (Borg dyspnoea score ≤ 3), but this did not lead to improvements of

HRQL or exercise capacity (table 3, see appendix). The only significant difference

favouring additional eccentric exercise existed for oxygen tension at maximum exercise

capacity (7.9 versus 6.9 kPa, p < 0.05).

Martinez46 compared the effects of supported (arm ergometer exercise) and unsup-

ported upper extremity exercises (dowel lifting exercises resembling daily activities)

when added to a lower extremity endurance and respiratory muscle training (table 2, see

appendix). Both, the group with and without supported arm exercise, significantly im-

proved functional and maximum exercise capacity as well as respiratory muscle strength

to a similar degree. Improvements of power output during arm ergometry were similar

for both groups while patients with unsupported arm exercises had a significantly larg-

er increase of unsupported arm endurance and decrease of oxygen consumption.

Comparisons of training intensities

We identified one small trial47 that compared the effect of high and low intensity exercise

in middle aged patients with mild COPD (table 2, see appendix). The trial showed that
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high intensity exercise at 80 % of maximum exercise capacity yielded a bigger physiolog-

ical response in terms of reductions in exercise induced lactate acidosis and ventilation

(table 3, see appendix). The larger training effect after high intensity exercise led also to

longer endurance time. 

Vallet48 (table 2, see appendix) assessed whether exercise at the individual anaerobic

threshold was more effective than exercise at 50 % of the maximal heart rate reserve

(standardised protocol). Mean exercise intensities between the groups were not differ-

ent. The authors reported a trend towards larger increases of peak oxygen uptake and

anaerobic threshold with the individualized exercise protocol (table 3, see appendix).

There was a significantly greater training response in the group with the individualised

protocol in terms of reductions of minute ventilation, lactate levels and carbon dioxide

output at given levels of pre-training oxygen uptake (data available only from figures). 

Discussion

There are three principal results from this systematic review. First, strength exercise yield-

ed larger improvements in HRQL than endurance exercise. Second, interval exercise may

represent an alternative to continuous exercise but the methodological quality of the ev-

idence is low and does not favour one or the other exercise modality. Finally, there is only

low quality evidence that high intensity exercise is superior to low intensity exercise.

In general, only few trials addressed important aspects of study design such as meth-

ods of randomisation and concealment of random allocation. While blinding of patients

and therapists is hardly possible in respiratory rehabilitation programmes (items rated as

not applicable), blinding of outcome assessors is feasible as in any other RCT. There is

empirical data that lack of blinding is associated with significant bias.49;50 Only one trial34,

however, reported blinding of outcome assessors. Thus, one needs to bear the limited

methodological quality of included trials in mind for the following discussion.

In clinical practice and in clinical trials, most rehabilitation programmes include en-

durance exercise, but not always strength exercise.6 Although investigators and clinicians

have discussed the importance of peripheral muscle strength for daily activities repeat-

edly, consensus on the role of strength exercise during respiratory rehabilitation does

not exist.10;24;51;52 Data tend to suggest, however, that strength exercise should be consid-

ered likewise. Strength exercise led to larger improvements of HRQL than endurance
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exercise (figure 2). There is some evidence that muscle strength is associated with

HRQL53, which would explain the effect of strength exercise on the CRQ fatigue, emo-

tional function and mastery domains (figure 2). However, more studies are needed to

confirm this potential association. 

The trials comparing endurance and a combination of endurance and strength exer-

cise showed less clear results (figures 4 and 5). One could attribute this finding to the fact

that patients in both intervention groups had the same intervention in most trials (en-

durance exercise), which led to similar effects. Specific strength training effects were also

observed when strength exercise was added37;39;40, but the contrast between groups ap-

peared to be too small to show differences in terms of HRQL even in pooled analyses.

Interval exercise is considered to be a promising approach to provide sustainable high

intensity exercise for COPD patients because it allows for short periods of recovery pre-
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Bernard 1999 (15/21)
Mador 2004 (13/11)
Ortega 2002 (16/14)

Combined (44/46)

0.10 (–0.43 to 0.63) 
0.50 (–0.10 to 1.10) 
0.10 (–0.33 to 0.53)
0.25 (–0.02 to 0.53)
Q = 2.684, p = 0.261 

0.20 (–0.29 to 0.69) 
0.15 (–0.54 to 0.84) 
0.10 (–0.38 to 0.58)
0.18 (–0.13 to 0.48)
Q = 0.233, p = 0.890 

0.00 (–0.46 to 0.46) 
0.03 (–0.34 to 0.40) 
–0.50 (–0.87 to –0.13) 

0.60 (–0.14 to 1.06) 
–0.15 (–0.82 to 0.52) 
0.00 (–0.37 to 0.37) 

Bernard 1999 (15/21)
Mador 2004 (13/11)
Ortega 2002 (16/14)

Combined (44/46)

Bernard 1999 (15/21)
Mador 2004 (13/11)
Ortega 2002 (16/14)

Bernard 1999 (15/21)
Mador 2004 (13/11)
Ortega 2002 (16/14)

Favors endurance Difference between CRQ Favors endurance 
and strength change scores exercise

exercise

-1 -.75 -.5 -.25 0 .25 .5 .75 1

Dyspnea

Fatigue

Emotional
function

Mastery

CRQ domain Differences (95 % CI)

Study (n endurance 
exercise/endurance

and strength exercise

Figure 4: Results from three trials, in which the CRQ was used to compare a combination of endurance and strength exercise with
endurance exercise alone. Boxes with 95 % confidence intervals represent point estimates for the difference between the CRQ
change scores (from baseline to follow-up) of the study groups. A difference of 0 means that both study groups improved or 
deteriorated to the same amount. Results are presented per CRQ domain. Dashed lines at ± 0.5 represent the minimal important
difference of the CRQ.
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venting from high lactate accumulation.24;54 There is some evidence from three RCTs35;43;44

comparing interval exercise and continuous exercise. 

The results indicate that both modalities improved exercise capacity, dyspnoea and

HRQL to a similar degree. However, the not significant differences between treatment

groups do not allow concluding that interval or continuous are of clinically equivalent
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Figure 5: Results from six trials, in which walking tests and incremental exercise tests were used to compare a combination of 
endurance and strength exercise with endurance exercise alone. Boxes with 95 % confidence intervals represent point estimates
for the difference between the walking distances and maximum exercise capacity change scores (from baseline to follow-up) of
the study groups. A difference of 0 means that both study groups improved or deteriorated to the same amount. Dashed lines at
± 53 meters represent the minimal important difference of the six-minute walk test.
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effectiveness.55 These trials were not designed to show clinical equivalence and they did

not provide evidence whether interval exercise is better tolerated. In one trial with an in-

patient rehabilitation programme43, patients in the interval exercise group had a mixed

intervention (three days of interval and two days of continuous exercise per week) so that

differences cannot be attributed to different interventions even if they were detected. 

Although interval exercise may offer an attractive alternative for COPD patients, more

trials including rigorous methodology and patient important outcomes for the relative

effectiveness and tolerance of interval exercise compared with continuous exercise are

needed.

A surprising finding of this review is that evidence favouring high intensity over low

intensity exercise is weak. High intensity exercise is usually defined as exercise at ≥ 60 %

to 90 % of the maximum exercise capacity, but there is no consensus on the lower or up-

per limit to define high intensity exercise.24 There is one frequently cited trial47 compar-

ing high and low intensity exercise that was small and had several methodological limi-

tations (online supplement). The reductions in lactate acidosis and larger improvements

of exercise endurance were not reproduced in later trials nor are any data available on

the effect of high and low intensity exercise on HRQL and other patient-important out-

comes. It is also uncertain whether the results from this single trial47 applies to patients

with moderate to severe COPD because these patients are often unable to sustain high

intensity exercise in spite of achieving significant improvements in exercise capacity with

lower exercise intensities.56;57 Thus, additional research should address at what intensity

COPD patients should and can exercise to achieve patient-important training effects

and to explore the influence of baseline disease severity.

In conclusion, strength exercise tends to improve HRQL more than endurance exer-

cise. More research is needed to assess the relative benefits and disadvantages of interval

exercise compared with continuous exercise and to define optimal exercise intensity for

COPD patients. Future studies should be planned and executed more carefully, which

would allow assessing the variability in response to exercise and would provide more ro-

bust estimates for differences between the effects of exercise protocols. 
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Table 1 Characteristics of randomised controlled trials comparing strength and endurance exercise

Study Population Exercise programmes Rehabilitation programme Outcomes

Normandin36 40 COPD patients Group 1: Continuous ergometer cycling Sessions of 10–30 min, IET, CWRT, CRQ, 
(53 % males, mean FEV1 at 80 % of Wmax 3x/week for 10 weeks, Edu TDI, PFSS
49.5 % predicted, Group 2: Low intensity calisthenics for 
mean age 68 years) peripheral muscles (29 stretching and 

strength exercises, 8–10 repetitions for 
each exercise)

Ortega37 47 COPD patients Group 1: Continuous ergometer cycling Sessions of 40 min, IET, CWRT, SWT, 
(87 % males, mean FEV1 at 60 % of Wmax (40 min) 3x/week for 12 weeks, Edu CRQ, BDI
38.8 % predicted, Group 2: Upper and lower extremity 
mean age 64 years) strength exercise, 6–8 weight lifting 

repetitions at 70–85 % of one repetition 
maximum
Group 3: Combined endurance and strength
exercise (half of programme of group 1 and 2)

Spruit34 30 COPD patients Group 1: Continuous ergometer cycling at Sessions of 90 min, 3x/week IET, 6MWT, CRQ, 
(80 % males, mean FEV1 30–75 % of Wmax (10–25 minutes),treadmill for 12 weeks BDI
40.5 % predicted, walking at 60 % of average speed in 6 MWT 
mean age 63 years) (10–25 minutes) and arm cranking (4–9 minutes)

Group 2: Upper and lower extremity strength 
exercise, 3 x 8 repetitions at ≥ 70 % of one 
repetition maximum

Wurttemberger38 69 COPD patients Group 1: Continuous ergometer cycling Sessions of 20–45 min, 3x/week IET, 6MWT, func-
(64 % males, mean FEV1 at 70 % of Wmax (20 min) for 3 weeks, Psy, Rel tional test for
57.2 % and 38.5 % predicted Group 2: Upper and lower extremity strength daily activities
for non- and for exercise- exercise, 2–4 x 20–25 repetitions at 40 %
desaturating patients, of one repetition maximum
mean age 65 years) Group 3: Continuous ergometer cycling as 

group 1 and strength training as group 2
Bernard39 36 COPD patients Group 1: Continuous ergometer cycling Sessions of 30–60 min, 3x/week IET, 6MWT, CRQ, 

(78 % males, mean FEV1 at 80 % of Wmax (30 min) for 12 weeks, BE, Rel muscle strength, 
42.5 % predicted, Group 2: Continuous ergometer cycling as muscle mass 
mean age 65 years) group 1 + upper and lower extremity strength (CT scan)

exercise with 10–30 repetitions at 60–80 % of 
one repetition maximum

Mador40 24 COPD patients Group 1: Continuous ergometer cycling at Sessions of 60–90 min, 3x/week IET, CWRT, 6MWT, 
(% males not stated, mean ≥50 % of Wmax (20 min) + treadmill walking for 8 weeks, Edu muscle strength, 
FEV1 41.8 % predicted, at 1.1 to 2 miles per hour (15 min) CRQ
mean age 71 years) Group 2: Continuous ergometer cycling as group 1 

+ upper and lower extremity strength exercise 
with 10 repetitions at 60 % of one repetition 
maximum

Ries41 28 COPD patients Group 1: Treadmill walking, intensity set during Sessions of 15–30 min, unclear IET, Borg scale, 
(% males not stated, mean CWRT for 15 minutes, but no further details number/week for 6 weeks, Edu, Activities of Daily 
FEV1 35.3 % predicted, Group 2: Walking training as group 1 + low- BE, Psy Living test, 
mean age not stated) resistance high repetition exercises for upper muscle strength

extremities (gravity resistance)
Group 3: Walking training as groups 1 + low 
frequency progressive resistance training for 
upper extremities (proprioceptive neuromuscular 
facilitation)

Sivori 42 43 COPD patients Group 1: Continuous ergometer cycling at 75 % Sessions of 45 min, IET, 12MWT, CRQ
(89 % males, mean FEV1 of Wmax (duration unclear) 3x/week for 8 weeks
36.1 % predicted, Group 2: Continuous ergometer cycling as group 1 + 
mean age 65 years) five upper extremities strength exercises with 

five repetitions of 45 sec

Wmax: maximum exercise capacity; IET: Incremental exercise test; CWRT: Constant work rate test; 6- and 12MWT: 6- and 12-minute walk test ; SWT: Shuttle walk
test; Edu: education; BE: breathing exercises; Psy: psychological support; Rel: Relaxation exercises; CRQ: Chronic Respiratory Questionnaire; BDI and TDI = Base-
line and transitional dyspnea index
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Table 2 Characteristics of randomised controlled trials comparing exercise modalities and intensities

Study Population Exercise programmes Rehabilitation programme Outcomes

Coppoolse43 21 male COPD patients Group 1: Continuous ergometer cycling Sessions of 30 min, 5x/week IET, CWRT, Borg 
(mean FEV1 36.8 % pre- at 60 % of Wmax for 8 weeks, Edu scale
dicted, mean age 65 years) Group 2: Interval ergometer cycling 

at 90 % of Wmax (1 min) and 45 % of Wmax
(2 min) 3 days/week plus continuous ergo-
meter cycling at 60 % of Wmax 2 days/week 

Vogiatzis35 45 COPD patients Group 1: Continuous ergometer cycling Sessions of 40 min, 2x/week IET, Borg scale, 
(62 % males, mean FEV1 at 50 % of Wmax weeks 1–4, at 60 % weeks for 12 weeks, Edu, BE, Psy, Rel CRQ
34.1 % predicted, 5–8 and at 70 % weeks 9–12
mean age 65 years) Group 2: Interval ergometer cycling at 100 %

of Wmax (30 sec) and 45 % of Wmax (30 sec) 
weeks 1–4, at 120 % weeks 5–8 and at 140 % 
weeks 9–12

Kaelin44 19 COPD patients Group 1: Continuous walking on stepper Sessions of 10–30 min, 3x/week 6MWT
(89 % males, mean FEV1 (70 steps/minute) or treadmill (1.5 miles/hour). for 6 weeks, Edu, BE, Psy, Rel
26.9 % predicted, Increase of 1 MET every 2 weeks
mean age 67years) Group 2: Interval walking on stepper (70 steps/

minute) or treadmill (1.5 miles/hour) with 
active to rest ratio of 2:1. Increase of 1 MET 
every 2 weeks

Martinez46 35 COPD patients Group 1: Ergometer cycling (10–30 min) + Sessions of 30 min, 3x/week IET, 12MWT, arm 
(40 % males, mean FEV1 supported arm exercises (arm ergometer for 10 weeks, respiratory muscle ergometry and 
32.1 % predicted, [≤ 15 min] both at Borg dyspnoea score of 3 training (15 min 2/day) dowel lifting
mean age 66 years) and rating of perceived exertion of 12–14)

Group 2: Ergometer cycling (10–30 min) + 
unsupported arm exercises (five exercises for 
elbow flexion/extension, arm abduction/adduction
and shoulder circles with wooden dowels)

Rooyackers45 24 COPD patients Group 1: Interval ergometer cycling (20 min, Sessions of 20–35 min, 5x/week IET, 6MWT, CRQ
(83 % males, mean FEV1 exercise/rest ratio 2min/2 min) + upper for 10 weeks
41.5 % predicted, and lower extremity strength exercise
mean age 59 years) Group 2: As for group 1 + cycle ergometer 

eccentric exercise (“negative work”) at highest 
intensity sustainable for 15 minutes 

Casaburi47 19 male COPD patients Group 1: Continuous ergometer cycling at 80 % Sessions of 45 min, 5x/week IET, CWRT
(mean FEV1 56 % predicted, of Wmax for 8 weeks, Edu
mean age 51 years) Group 2: Continuous ergometer cycling at 40 %

of Wmax
Vallet48 24 COPD patients Group 1: Standardised exercise protocol with Sessions of 45 min, 5x/week IET

(75 % males, mean FEV1 continuous ergometer cycling at 50 % of for 4 weeks, Edu, BE
58.5 % predicted, maximum heart reserve (= maximum heart 
mean age 57 years) rate – heart rate at rest)/2 + heart rate at rest)

Group 2: Individualised exercise protocol with 
continuous ergometer cycling at the individual gas 
exchange threshold (anaerobic threshold)

Wmax: maximum exercise capacity; IET: Incremental exercise test; CWRT: Constant work rate test; 6- and 12MWT: 6- and 12-minute walk test ; Edu: education; 
BE: breathing exercises; Psy: psychological support; Rel: Relaxation exercises; CRQ: Chronic Respiratory Questionnaire; BDI and TDI = Baseline and transitional
dyspnea index; PFSS: Pulmonary function status scale
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Table 3 Effect of different exercise intensities

Study (no. of patients Outcome measure Difference follow-up minus Difference between groups
in each group) baseline for each group (95 % CI where available)
Coppoolse43 Maximum exercise capacity (in Watt) CE: 8; IE: 13 –5, p > 0.05
(CE n = 11; IE n = 10) Peak oxygen uptake (V’O2 in L/min) CE: 0.15; IE: 0.07 0.08, p > 0.05

Lactate at sub-maximum exercise capacity CE: –31 %; IE: –20 % –11 %, p > 0.05
Leg pain at maximum exercise capacity CE: –13 %; IE: –26 % 13 %, p > 0.05
Dyspnoea at maximum exercise capacity CE: –2 %; IE: –15 % 13 %, p > 0.05
Raw data only for the whole study group 
available but not for each group. Changes 
within continuous and interval exercise group 
only in percentages.

Vogiatzis35 CRQ Dyspnea (Raw data for CRQ scores 
(CE n = 18; IE n = 18) only from figures available) CE: 1.7; IE: 1.2 0.5 (p > 0.05)

CRQ Fatigue CE: 0.6; IE: 0.6 0.0 (p > 0.05)
CRQ Emotional function CE: 0.6; IE: 0.4 0.2 (p > 0.05)
CRQ Mastery CE: 0.4; IE: 0.4 0.0 (p > 0.05)
Maximum exercise capacity (in Watt) CE: 13; IE: 14 –1 (p > 0.05)
Dyspnoea at maximum exercise capacity (VAS) CE: –3; IE: –4 1 (p > 0.05)
Peak oxygen uptake (V’O2 in L/min) CE: 0.13; IE: 0.12 0.01 (p > 0.05)
Ventilation at peak exercise intensity (L/min) CE: –3.9; IE: –4.1 0.2 (p > 0.05)
Lactate threshold (L/min) CE: 0.12; IE: 0.11 0.01 (p > 0.05)

Kaelin44

(CE n = 6; IE n = 7) 6-minute walking distance in meters CE: 39; IE: 80 41 (–17 to 99)
Rooyackers45 CRQ Dyspnea IE: 1.34; IE + EE: 0.86 0.48 (–0.20 to 1.16)
(IE n = 12; IE + EE n = 12) CRQ Fatigue IE: 0.65; IE + EE: 1.0 –0.35 (–0.74 to 0.04)

CRQ Emotional function IE: 0.46; IE + EE: 0.59 –0.13 (–0.67 to 0.41)
CRQ Mastery IE: 0.60; IE + EE: 1.05 –0.45 (–0.98 to 0.08)
Maximum exercise capacity (in Watt) IE: 17.0; IE + EE: 10.0 7.0 (–3.87 to 17.87)
6-minute walking distance in meters IE: 123; IE + EE: 118 5 (–60 to 70)

Casaburi47 Exercise duration (in minutes) during 
(HIE n = 11; LIE n = 8) CWRT at 40 % of Wmax HIE: 2.1; LIE: 1.6 0.5 (p > 0.05)

Exercise duration (in minutes) during 
CWRT at 80 % of Wmax HIE: 4.8; LIE: 0.6 4.2 (p < 0.05)
Lactate (in mEq/L) at Wmax HIE: –2.7; LIE: –1.0 –1.7 (p < 0.01)
Lactate threshold (in L/min) HIE: 0.18; LIE: 0.08 0.1 (p > 0.05)
Ventilation VE (in L/min) HIE: –6.4; LIE: –0.1 –6.3 (p < 0.005)

Vallet48 Peak oxygen uptake (V’O2 in l/min) SE: 0.17; IE: 0.31 –0.14 
(SE n = 12; IE n = 12) Anaerobic threshold (in mL/kg/min) SE: 1.2; IE: 3.2 –2.0 (p < 0.05)

HIE: High intensity exercise; LIE: Low intensity exercise; CE: Continuous exercise; IE: Interval exercise; SE: Standardised exercise; IE: Individualised exercise; 
EE: Eccentric exercise; Wmax: Maximum exercise capacity; CWRT: Constant work rate test; CRQ: Chronic Respiratory Questionnaire
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Abstract

Background

There is a controversy about the additional benefit of various supplemental interven-

tions used in clinical practice to further enhance the effectiveness of respiratory rehabil-

itation in patients with chronic obstructive pulmonary disease (COPD). The aim of this

research was to assess randomised controlled trials (RCTs) testing the additional bene-

fit of supplemental interventions during respiratory rehabilitation in COPD patients.

Methods

Systematic review with literature searches in six electronic databases, extensive hand-

searching and contacting of authors. Two reviewers selected independently eligible

RCTs, rated methodological quality and extracted data which were analyzed consid-

ering the minimal important difference of patient-important outcomes where possible.

Findings

We identified 20 RCTs whereof 18 provided sufficient data for analysis. The method-

ological quality was low and sample sizes were too small for most trials to produce

meaningful results (median total sample size = 28). Data from five trials showed that sup-

plemental oxygen during exercise did not have clinically meaningful effects on health-re-

lated quality of life while improvements of exercise capacity may be even larger for pa-

tients exercising on room air. RCTs of adding assisted ventilation, nutritional supple-

ments or a number of anabolically acting drugs do not provide sufficient evidence for or

against the use any of these supplemental interventions.

Interpretation

There is insufficient evidence for most supplemental interventions during respiratory re-

habilitation to estimate their additional value, partly due to methodological shortcom-

ings of included RCTs. Current data do not suggest benefit from supplemental oxygen

during exercise, although the methodological quality of included trials limits conclu-

sions. To appropriately assess any of the various supplemental interventions used in clin-

ical practice, pragmatic trials on respiratory rehabilitation of COPD patients need to

consider methodological aspects as well as appropriate sample sizes.
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Introduction

Chronic obstructive pulmonary disease (COPD) has a large impact on health-related

quality of life (HRQL) and represents a major health burden in industrialized and devel-

oping countries1-4. A systematic review including 23 randomized controlled trials (RCTs)

has shown that patients with COPD improve their HRQL and exercise capacity during

respiratory rehabilitation5. Recent data on long-term outcomes after respiratory rehabil-

itation show reductions of exacerbations and hospitalizations6-8. 

Physical exercise is the central component of respiratory rehabilitation programs

because it reverses peripheral muscle dysfunction9, a highly prevalent comorbidity of

COPD associated with increased risk of exacerbations and mortality10;11. While respira-

tory rehabilitation including physical exercise has become a cornerstone of COPD man-

agement12-14, there is controversy about the additional value of several supplemental in-

terventions to support exercise programs such as oxygen during exercise15 or anabolical-

ly acting hormones16. 

Clinicians, who consider these supplemental interventions during respiratory rehabil-

itation programs, should know their benefits and downsides. They need evidence from

RCTs directly comparing respiratory rehabilitation with or without supplements in or-

der to carefully discuss these benefits and downsides with their patients. Therefore, we

conducted a systematic review of pragmatic RCTs comparing the effects respiratory re-

habilitation with and without any supplemental intervention to assess their added value

in HRQL and exercise capacity improvement. 

Methods

Identification of studies
We performed electronic database searches in Medline (Ovid version, New York, New

York, from inception to May 2004), Embase (DataStar version, Cary, North Carolina

from inception to December 2003), Pedro (online version, University of Sydney, Aus-

tralia, December 2003) and the Cochrane Central Register of Controlled Trials (Oxford,

United Kingdom, 2003, Issue 4). We also searched the Science Citation Index database

(Web of Science, Thomson ISI, Philadelphia, Pennsylvania) and the “related articles”

function of PubMed (National Library of Medicine, Washington, Maryland) by entering

39Supplemental interventions
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all included studies. In addition, we hand searched the bibliographies of all included

studies, of reviews on respiratory rehabilitation or physical exercise in patients with

COPD that were identified in the literature search, as well as the Proceedings of the In-

ternational Conferences of the American Thoracic Society and the congress of the Eu-

ropean Respiratory Society to identify further relevant studies. We also contacted au-

thors in the field to ask for published or unpublished data.

Selection criteria

We included RCTs investigating any supplemental intervention added to respiratory re-

habilitation that included a standardized physical exercise program. We focused on stan-

dardized exercise programs because only these allow reproduction in clinical practice. A

standardized exercise protocol was defined as the use of an identical exercise activity for

all patients (e. g. treadmill walking or cycle ergometer training) at measurable exercise

intensity (e. g. in Watts, metabolic equivalents or kilograms). We included studies if more

than 90 % of study participants patients had COPD according to the following criteria:

(1) a clinical diagnosis of COPD, (2) irreversible airways obstruction and (3) one of the

following: (a) best recorded FEV1/FVC ratio of individual patients < 0.7; (b) best rec-

orded FEV1 of individual patients < 70 % of predicted value. We considered the follow-

ing outcome measures: HRQL as measured by generic (e. g. SF-36) or disease-specific

(e. g. St. George’s respiratory questionnaire) questionnaires, symptom scales, functional

exercise capacity as measured walk tests and results from cardiopulmonary exercise test-

ing. We did not apply any language restrictions. We excluded studies that compared any

exercise program versus usual care (i. e. no exercise) or studies that used unstandardised

exercise protocols (e. g. home exercise programs).

Data extraction and quality assessment

The bibliographic details of all retrieved articles were stored in a Reference Manager file.

We removed duplicate records resulting from the various database searches. Two mem-

bers of the review team independently scrutinized the titles and abstracts of all identified

citations (see figure 1). We ordered the full text of any article that was deemed potential-

ly eligible by one of the reviewers. The two reviewers then evaluated the full text of all

retrieved papers, made a decision on in- or exclusion and discussed the decisions. Any

disagreement was resolved by consensus with close attention to the inclusion and exclu-
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sion criteria. Final decisions on papers were recorded in the Reference Manager file and

bibliographic details as well as the reasons for exclusion. We recorded the initial degree

of agreement between the reviewers and corrected discordant scores based on obvious

errors. We resolved discordant scores based on real differences in interpretation through

consensus.

Details about study patients, interventions and outcome measures as well as the re-

sults were extracted onto a predefined data form. We pilot-tested the data forms using

five studies with high likelihood for inclusion. 

Two reviewers independently evaluated the methodological quality of included trials

reported in full reports using a detailed list of quality items assessing components of in-

ternal validity17 (see appendix, table 3). We also contacted the authors of the primary

studies to obtain missing information.

Data synthesis and interpretation

We summarized the results of the data extraction and assessment of study validity in

structured tables to allow looking at the variation in patient characteristics, interventions,

outcome measures, study quality and results. In addition, we used forest plots to compare

results across the trials. If appropriate, we planned to explore sources of heterogeneity

(i. e. differences between studies) using multivariable regression models (study level meta-

regression analysis) where clinical and methodological items would act as explanatory

variables. No pooling was undertaken in the presence of significant source heterogeneity.

Whenever possible, for each outcome, estimates and confidence limits was related to

its minimal important difference18. We assessed whether the estimates and 95 % confi-

dence limits for the difference between study groups exceeded the minimal important

difference (for the Six-minute walk distance ± 50 meters19, chronic respiratory question-

naire ± 0.5 points20 and St. George’s respiratory questionnaire ± 4 points)21. 

Data were analyzed using STATA (version 8.2, Stata Corp., College Station, Texas).

Results

Study selection
Figure 1 shows the study selection process and agreement on study inclusion. Main rea-

sons for study exclusion (see appendix, table 6) were that patients did not have an exer-
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cise programme but only exercise

testing with or without oxygen (n =

12), studies were not RCTs (n = 8)

and that the control group had no

exercise programme (n = 5). We ex-

cluded only one study because of

an undefined exercise programme.

We excluded two trials22,23 from the

an-alysis because the abstract pro-

vided little information and the au-

thors did not provide further de-

tails. Initially, we excluded another

abstract, but since this trial was

published in the meantime24, we

could include it in the analysis.

Quality assessment

Table 3 (see appendix) shows a de-

tailed assessment of the method-

ological quality of the included tri-

als. Interrater agreement for all

items of the quality assessment was

87 % (chance corrected agreement:

k = 0.76). In general, most included

trials scored poorly on the checklist

used. Important methodological aspects that bear on the validity such as blinding of out-

come assessors were not or just partially addressed in most trials.

Supplemental oxygen during exercise

The characteristics of the five trials on supplemental oxygen25-29 are summarized in table

1 (see appendix) and the results shown in figures 2 and 3. There was a trend towards

larger improvements of HRQL and exercise duration in constant work rate tests in the

groups with oxygen, but patients exercising on room air had larger improvements of the
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Total citations identified from electronic databases (Medline, Embase, Pedro, CENTRAL)
n = 1503

Citations excluded after screening titles and abstracts 
n=1474

Studies retrieved for detailed evaluation: 
• from electronic databases: n = 29
• from hand searching (conference proceedings, reference lists of reviews and identi-

fied studies, Science Citation Index and “related articles”function of PubMed entering
identified studies): n = 19

Total: n = 48

Initial agreement on
in- and exclusion:
87 %, k = 0.76

Excluded after full text assessment (see also appendix)
Reasons for exclusion:
• Only exercise testing, no exercise programme: n = 12
• No RCT: n = 8
• Control group without exercise: n = 5
• Unstandardised exercise program: n = 1
• Other reasons: n = 2
Total: n = 28

All studies identified: n = 20
From electronic databases: n = 13
From hand searching: n = 7

Studies providing enough data n = 18*
Exercise ± oxygen: n = 5
Exercise ± assisted ventilation: n = 4
Exercise ± anabolic steroids: n = 2
Exercise ± nutrition: n = 2
Exercise ± growth hormone: n = 2
Exercise ± tiotropium: n = 1
Exercise ± creatine: n = 1
Exercise ± ubidecarenone: n = 1

* Schols 1995 counted twice for anabolic steroids and nutrition. For study details, see tables 1 and 2.

Figure 1: Study flow from identification to final inclusion of studies
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walking distance. Emtner25 reported that the use of oxygen enabled patients to exercise

at higher intensity (mean 62 Watt [SD 19] corresponding to 138 % of baseline maximum

exercise capacity) compared with patients on room air (52 Watt [SD 22] corresponding

to 96 % of baseline maximum exercise capacity, p < 0.01 for difference between groups).

In the trial by Rooyackers28, patients achieved mean exercise intensities corresponding to

124 % of maximum exercise capacity in the group with oxygen and 114 % of maximum

exercise capacity in the group without oxygen (p = 0.12). Two trials reported on safety

of exercise with oxygen or room air. Rooyackers28 assessed whether oxygen prevented

the development of pulmonary hypertension. The investigators did not find any differ-

ences between groups in resting mean pulmonary artery pressure measured by Doppler

echocardiography. Waddell29 did not find significant CO2 retention during walking tests

despite high oxygen flow of 5 l/minute.

Assisted ventilation

Two trials30,31 evaluated proportional assist ventilation during exercise and did not find an

additional benefit (see appendix, tables 1 and 4). Only 50 %30 and 71.4 %31 of patients ex-
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Rooyackers 1997 (12/12)
Garrod 2000 (13/12)

Emtner 2003 (14/15)

–0.20 (–0.92 to 0.52) 
0.34 (–0.21 to 0.88) 
0.00 (–0.66 to 0.66) 

0.18 (–0.46 to 0.81) 
0.23 (–0.63 to 1.09) 
0.25 (–0.48 to 0.98) 

0.37 (–0.18 to 0.93) 
0.25 (–0.45 to 0.95) 
0.29 (–0.31 to 0.88) 

0.43 (–0.23 to 1.08) 
0.07 (–0.53 to 0.66) 
0.25 (–0.58 to 1.08) 

Rooyackers 1997 (12/12)
Garrod 2000 (13/12)

Emtner 2003 (14/15)

Rooyackers 1997 (12/12)
Garrod 2000 (13/12)

Emtner 2003 (14/15)

Rooyackers 1997 (12/12)
Garrod 2000 (13/12)

Emtner 2003 (14/15)

Dyspnoea

Fatigue

Emotional
function

Mastery

-1 -.75 -.5 -.25 0 .25 .5 .75 1

Favors room air Difference between 
CRQ change scores

Favors oxygen

CRQ Domain Study (n oxygen/room air) Differences (95 % CI)

Figure 2: Effect of supplemental oxygen on health-related quality of life
The forest plot shows the results from three trials comparing physical exercise with and without oxygen, separately for each 
domains of the chronic respiratory questionnaire (CRQ). The x-axis represents the difference in change scores between study
groups with negative values favoring exercise on room air and positive values favoring exercise with supplemental oxygen. A dif-
ference of 0 means that both study groups changed to the same amount. Boxes with 95 % confidence intervals represent point
estimates for the difference between the CRQ change scores (from baseline to follow-up) of the study groups. Dotted lines repre-
sent the minimal important difference of the CRQ (change of 0.5). On the right of the forest plot, point estimates for differences 
between groups and 95 % confidence intervals are shown.
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ercising with positive pressure ventilation and 67 %30 and 60 %31 exercising without pos-

itive pressure ventilation completed these trials.

Garrod32 assessed the benefit of overnight non-invasive positive pressure ventilation at

home during the training period. They found a statistically significant improvement of

the walking distance for patients assigned to overnight non-invasive positive pressure

ventilation. HRQL improvements also tended to be larger for patients with ventilation,

but the difference reached only statistical significance for the fatigue domain and total

score of the CRQ. 

Johnson33 evaluated the effect of ventilation and Heliox during exercise on exercise

duration and intensity. They found a small, but statistically not significant increase in ex-

ercise duration and intensity for patients exercising with ventilation and Heliox. Patient
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Figure 3: Effect of supplemental oxygen on exercise capacity
The forest plot shows the results from five trials comparing respiratory rehabilitation with and without oxygen. Walking tests, in-
cremental and constant work rate exercise tests were used to assess the additional effect of supplemental oxygen during exercise.
The x-axis represents the difference in change scores between study groups with negative values favoring exercise on room air
and positive values favoring exercise with supplemental oxygen. A difference of 0 means that both study groups changed to the
same amount. Boxes with 95 % confidence intervals represent point estimates for the difference between the walking distance
and maximum exercise capacity change scores (from baseline to follow-up) of the study groups. Dotted lines represent the min-
imal important difference of the six-minute walking distance (53 meters). On the right of the forest plot, point estimates for differ-
ences between groups and 95 % confidence intervals are shown.
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satisfaction for overall condition, exercise capability and breathing ability measured with

global ratings of change did not differ significantly between groups (exact data not avail-

able). In this trial, 73.3 % of patients with ventilation, 90.9 % of patients with Heliox and

84.6 % of patients without a supplement completed the trial.

Nutritional supplements

We identified two RCTs that assess the additional benefit of nutritional supplements

during respiratory rehabilitation (see appendix, table 2)34,35. Steiner35 did not find statisti-

cally significant differences for HRQL and exercise capacity (see appendix, table 5). In a

subgroup of patients with a BMI > 19 kg/m2 (22 in group with supplement and 30 in

group with placebo) the difference between groups was 27 meters (95 % CI 1–53) in the

incremental and 121 seconds (95 % CI –44 to 286) in the endurance shuttle walk test. Pa-

tients with the carbohydrate-rich diet increased their body weight compared to the

placebo group by 1.23 kg (95 % CI 0.42–2.05), which occurred mainly because of an in-

crease of the fat mass (difference between groups 1.46 kg, 95 % CI 0.65–2.27). There was

a dropout rate of 40 % in the group with and of 16 % in the group without carbohydrate-

rich diet. 

Another RCT34 found not significant differences between patients supplemented with

an additional fat-rich diet, but did not report the results in detail and could not provide

these data for our review. Compared to placebo, non-depleted patients increased their

body weight by 1.5 kg (95 % CI 0.4–2.6) when receiving a fat-rich diet and by 1.6 kg (95 %

CI 0.39–2.81) when receiving a fat-rich diet plus anabolic steroids. 

Anabolic steroids

Creutzberg36 (see appendix, table 2) found that only patients receiving nandrolone im-

proved their HRQL, whereas patients following the respiratory rehabilitation program

without nandrolone did not change. This trend was consistent for all domains of the

St. George’s respiratory questionnaire, but only statistically significant for the symptom

domain (see appendix, table 5). For the subgroup of patients receiving maintenance treat-

ment with oral glucocorticosteroids, patients with nandrolone improved their maximum

exercise capacity significantly more. Isometric leg strength and isokinetic legwork im-

proved in both groups, but did not differ significantly between groups. There was a trend

in erythropoetic parameters towards an increase of erythrocyte count, hematocrit and
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hemoglobin in patients treated with nandrolone compared to those treated with place-

bo. No changes in blood pressures and any androgenic effects or fluid retention were

registered in either group.

Casaburi24 assessed the additional benefit of testosterone for male COPD patients

with low testosterone levels who followed a strength exercise program (see appendix,

table 2). The group with testosterone had larger increases in exercise capacity and mus-

cle strength, but none of the differences reached statistical significance (see appendix,

table 5). Total lean mass increased and total fat mass decreased more in patients with

supplemental testosterone, but differences between groups were not significantly differ-

ent (mean difference in changes between groups in lean mass 3.09 kg, p > 0.05, and total

fat mass –1.28 kg, p > 0.05). Casaburi found, like Creutzberg36, differences in hemoglobin

changes between groups (mean difference in hemoglobin change between the testos-

terone and placebo group 1.4 g/dL, p < 0.05). They observed neither adverse events nor

any differences in most safety measures between groups (prostate specific antigen, liver

enzymes, alkaline phosphates, cholesterol and high-density lipoprotein cholesterol) be-

tween groups. Serum creatinine levels, however, increased in the testosterone group by

0.12 mg/dL and decreased in the placebo group by 0.05 mg/dL (difference between

groups 0.17 mg/dL, p < 0.05).

Tiotropium, Creatine, Coenzyme Q 10, and growth hormone

Casaburi37 assessed the additional benefit of tiotropium in 47 patients and found a signif-

icantly increased exercise endurance time compared to patients who received placebo

(n = 44, see appendix, tables 2 and 5). Further results were not available. Four small RCTs

evaluated the additional benefit of creatine38, coenzyme Q 1039 and growth hormone40,41

during respiratory rehabilitation, but did not find any additional benefit on respiratory or

peripheral muscle function or HRQL (see appendix, tables 2 and 5). Casaburi et al41 re-

ported that no adverse effects of growth hormone occurred.

Discussion

There are three main results from this systematic review. First, evidence suggests that

supplemental oxygen during physical exercise does not provide a clinically relevant ben-

efit. Second, the evidence for any other supplemental intervention is not strong enough
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to recommend or discourage their use in clinical practice and third, there were major

methodological limitations in most trials that may explain some of the inconclusive find-

ings. We discuss each of these results in turn.

Cotes42 reported in 1956 that oxygen increased exercise performance in patients with

COPD. Since then, many investigators assessed the short-term effect of increased oxy-

gen availability during exercise15. Some investigators argue that patients tolerate higher

exercise intensities or longer exercise time with supplemental oxygen leading to larger

training effects43;44. Others believe that only without oxygen, an adequate hypoxemic

stimulus is provided for peripheral muscles to improve exercise capacity. 

The studies by Emtner25 and Rooyackers28 demonstrated that patients indeed tolerate

higher exercise intensities if supplemented by oxygen. Mean differences on the CRQ do-

main scores, however, showed a slight but clinically not meaningful trend towards a

benefit with oxygen supplementation (figure 2). The trial by Emtner25 was the only one

that showed a consistent trend towards a small benefit of oxygen on HRQL and exercise

capacity. Across all studies, however, results from exercise testing were contradicting.

Supplemental oxygen did prolong exercise duration in constant work rate tests, but led

to considerably smaller improvements of functional exercise capacity (figure 3). It was

hypothesized earlier that those patients with the highest oxygen desaturation during ex-

ercise would benefit most from supplemental oxygen45. The trials do not provide suffi-

cient evidence for or against this hypothesis. 

There is limited evidence on the safety of oxygen during exercise and on the safety of

exercise without oxygen in patients with desaturation. Clinicians may have concerns

about training in hypoxemia because of adverse events and will encourage oxygen sup-

plementation in patients with desaturation during exercise. In theory, oxygen carries the

risk of CO2 retention in COPD patients. The only trial reporting on CO2 retention29 did

not observe significant differences of CO2 levels during exercise tests with oxygen com-

pared with exercise on room air. 

However, exercise tests may have been too short to assess the effect of CO2 retention.

Exercise is a risk indicator for unmasking latent pulmonary hypertension46, but supple-

mental oxygen may reduce this risk by decreasing the sympathetic tone and the respira-

tory rate allowing for less end-expiratory pressure47. Rooyackers28 did not find any differ-

ences in resting mean pulmonary artery pressure between patients with and without

oxygen. However, patients stopped exercising when oxygen saturation fell below 90 % so
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that the risk of the exercise program under hypoxemic conditions on the development

of pulmonary hypertensions could not be studied. 

Several studies found a positive acute effect of oxygen during exercise testing on exer-

cise capacity and a number of physiologic mechanisms for the effects of oxygen have

been proposed48-50. However, these results on the short-term benefit of oxygen during ex-

ercise testing seem not to translate into improvements of clinically relevant outcomes

during exercise programs. Current data do not suggest benefit from the use of oxygen

during exercise to enhance training effects (figure 3), but show some benefit in terms of

HRQL (figure 2) Given the limited methodological quality of trials, any conclusions are

vague. The general use of oxygen is only justified, if larger trials of good quality show its

benefit on clinically relevant outcomes. The mechanisms of the effects of oxygen during

exercise are still insufficiently understood and call for more basic research15. 

Assisted ventilation also aims at increasing oxygen availability during exercise, but the

trials indicated no additional benefit. An exception may represent overnight non-inva-

sive positive pressure ventilation. This treatment may improve quality of sleep as well as

daytime gas levels and respiratory muscle function thereby providing a better milieu

(pH, PaO2, PaCO2) for peripheral muscle function. One trial32 found statistically signifi-

cant improvements of functional exercise capacity and also large improvements of

HRQL (mean differences between groups 0.45 to 0.85 in CRQ domain scores, see ap-

pendix, table 4) with additional non-invasive positive pressure ventilation. These results

support the hypothesis formulated by authors of a recent meta-analysis showing that

nocturnal non-invasive positive pressure ventilation alone has no effect on exercise ca-

pacity and HRQL, but may be beneficial as an adjunct to respiratory rehabilitation51. The

eight trials that assessed various supplemental interventions during rehabilitation pro-

duced inconclusive results that do not allow recommendations for clinical practice yet. 

An important result of this systematic review with implications for future research is

the low methodological quality and small sample sizes. For example, the majority of tri-

als did not consider stratification for important prognostic factors such as exercise ca-

pacity52 for randomization. In some trials there were baseline imbalances between

groups, for example in terms of exercise capacity27;28;32;33;40. The influence of these imbal-

ances on the results was not investigated in any of the trials. Concealment of random al-

location and blinding of treatment providers or outcome assessors was also not ad-

dressed in most trials.
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Sample sizes were small except in three trials34;35;37. Pragmatic trials comparing active

interventions, as included in this systematic review, are very useful for clinical practice

when clinicians are confronted with the choice between interventions53. However, small

sample sizes are problematic in pragmatic trials for at least two reasons: First, differences

between study groups tend to be smaller in pragmatic trials than in trials comparing an

active intervention with placebo or a sham intervention. Figure 4 shows the results and

95 % confidence intervals of a trial comparing respiratory rehabilitation with usual care

and of a trial comparing respiratory rehabilitation with and without a supplemental in-

tervention with different sample sizes. It illustrates the importance of sufficient sample

sizes in pragmatic trials by showing that for pragmatic RCTs in respiratory rehabilita-

tion, in which widely established patient-important outcomes such as HRQL are used,

sample sizes of up to 40 per group will produce imprecise results (large confidence inter-

vals). This imprecision hinders interpretation. Another reason for sufficient samples sizes

is that in pragmatic trials patient profiles are usually more variable than in explanatory

trials reflecting the wide patient spectrum encountered in clinical practice53. The greater

variability in patient profiles carries, on one side, a greater risk for confounding and, on

the other side, subgroup analyses will be important to assess whether the effects differ

between patient subgroups (effect modification). Subgroup analyses based on prog-

nostically important patient characteristics will provide more differentiated evaluations

than one mean for the whole study group, but they require sufficient sample for well-bal-

anced intervention groups. 

We propose that investigators consider the following aspects in future pragmatic tri-

als on respiratory rehabilitation: First, preliminary sample size considerations should be

based on realistic estimates for expected differences between groups, which are typical-

ly smaller than in trials without active comparators. To better understand what these

sample sizes mean, 95 % confidence intervals around the predicted point estimate can be

calculated as shown in figure 4. This approach will help to better foresee the conse-

quence of different sample sizes on interpretation of the data54. Second, COPD patients

represent a heterogeneous group and stratification for prognostically important variables

should be considered to avoid baseline imbalances that bear on outcomes55, as seen in

some trials included in this review27;28;32;33;40. Third, more attention needs to be paid to gen-

eral requirements for RCTs of high quality like method of randomisation, concealment

of random allocation and blinding of those who assess treatment effects.
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The strengths of our systematic review include the broad literature search including

several databases and extensive hand searching for trials with direct comparisons of in-

terventions that are used in clinical practice. In addition, we contacted authors for addi-

tional data and received them from the majority of investigators. This greatly enhanced

the informativeness of included studies and thereby of this review. A weakness of this re-

view includes the discussion that is limited to the best-investigated supplements because

of the number of interventions included in this review. However, the aim of this review

was to analyze current evidence from a meta-epidemiological perspective not giving to

much emphasis to single studies. Some may criticize that we did not pool the results

from trials on supplemental oxygen during exercise using meta-analysis. However, de-

saturation or no desaturation during exercise was an important inclusion criterion in

four of the five trials and investigators wanted to learn about the effect of supplemental

oxygen in these subgroups, in particular. Therefore, we considered the patient profiles of

these trials to be too different to provide meaningful pooled estimates. Instead, we pro-

vided forest plots (figures 2 and 3) to show the individual studies’ point estimates and
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Figure 4: Sample size and interpretation of randomized controlled trials in respiratory rehabilitation
Forest plot with simulated results from two trials with varying sample size, in which the CRQ was used. Boxes with 95 % confidence
intervals represent point estimates for the difference between CRQ change scores (from baseline to follow-up) of the study
groups. Dotted lines represent the minimal important difference of the CRQ (change of 0.5). Trial 1 shows the results from a typi-
cal explanatory trial comparing respiratory rehabilitation and no respiratory rehabilitation (usual care) with differences in CRQ
change scores around 0.75. Because of the large effect, trial results are interpretable also with imprecise results. Trial 2 shows the
results from a pragmatic trial assessing the additional effect of a supplemental intervention (for example oxygen during exercise).
The difference between groups is 0.3 and sample size must be large (80 per group) to produce results that are precise enough to
allow interpretation.
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95 % confidence intervals for the CRQ domains and the exercise tests to allow compar-

isons across studies.

In conclusion, data for most supplemental interventions during respiratory rehabilita-

tion are inconclusive. Oxygen during exercise does not seem to provide a patient-impor-

tant additional benefit for COPD patients during a respiratory rehabilitation, but meth-

odological shortcomings of the trials on supplemental oxygen do not allow conclusive

answers. Future trials should pay careful attention to the methodological trial design and

to sufficient sample sizes.
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Table 4 Effect of assisted ventilation on HRQL and exercise capacity

Study Outcome measure Difference between intervention and control group 
(95% CI where available)

Bianchi 200230 SGRQ Total 2.8 (–2.5 to 8.1)
(n1 = 9; n2 = 10) SGRQ Symptom 3.4 (–11.8 to 18.7)

SGRQ Activity 7.3 (–1.5 to 16.1)
SGRQ Impact 0.1 (–7.8 to 8.1)
Transitional dyspnea index 0.1 (–2.4 to 2.6)
Functional exercise capacity (walking distance in meters) –31 (–68 to 24)
Maximum exercise capacity (in Watt) 6.0 (–12.3 to 24.3)

Garrod 200032 CRQ total 0.62 (0.06 1.17)
(n1 = 17; n2 = 20) CRQ Dyspnea 0.66 (–0.25 to 1.57)

CRQ Fatigue 0.85 (0.2 to 1.52)
CRQ Emotional function 0.54 (–0.53 to 0.92)
CRQ Mastery 0.45 (–0.32 to 1.21)
HADS total –2.51 (4.98 to –9.58)
HADS anxiety –0.66
HADS depression –1.82
LCADL total 0.3 (–5.69 to 6.4)
LCADL self care 0.4 
LCADL domestic –1.9 
LCADL physical 0.65 
LCADL leisure 1.1 
Functional exercise capacity (walking distance in meters) 72 (13 to 131)

Hawkins 200231 Maximum exercise capacity (in Watt) 7.1 (2.9 to 11.3)
(n1 = 10; n2 = 9) Maximum exercise duration (in minutes) 2.4
Johnson 200233 Maximum work load (in METs)
(n1 = 11; n2 = 11; n3 = 10) NIPPV versus control (room air) 0.18

Heliox versus control (room air) 0.16
Treadmill walking exercise duration (in minutes)

NIPPV versus room air 2.6
Heliox versus room air 2.3

n1 = intervention group; n2 = control group, n3 = heliox group
MET: Metabolic equivalents, NIPPV: Non-invasive positive pressure ventilation
CRQ, maximum and functional exercise capacity: Between group differences > 0 favors intervention group; HADS, SGRQ, LCADL Breathlessness at maximum 
exercise capacity (Borg scale): Between group differences > 0 favors control group
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Table 5 Effect of drug and nutritional interventions on HRQL and exercise capacity

Outcome measure Difference between intervention and control group 
(95 % CI where available)

Burdet 199740 Functional exercise capacity (walking distance 
(n1 = 8; n2 = 8) in meters) –102 (p < 0.01)

Mean daily activity assessed by pedometer 
(arbitrary units per day) –1.2 (not significant)
Maximum exercise capacity (in Watt) –9 (not significant)

Casaburi 199741 Increase in % of maximum exercise duration 
with growth hormone and placebo 79 % and 58 % (not significant)

(no raw data available)
Casaburi 200437 Endurance time (min) End of rehabilitation 

during constant work (week 13): 5.35, p = 0.013
treadmill walk test At follow-up (week 25): 6.6, p = 0.009

Casaburi 200424 Maximum exercise capacity (in Watt) 4.5 (p > 0.05)
Exercise endurance (minutes at 80% of maximum exercise capacity) 3.6 (p > 0.05)
Muscle strength (in kg) 11 (p > 0.05)
Muscle fatigability (number of repetitions at 
80% of one repetition maximum) 4 (p > 0.05)

Creutzberg 200336 SGRQ Total –6.4 (–13.2 to 0.4)
(n1 = 28; n2 = 28) SGRQ Symptom –12.1 (–21.3 to –2.9)

SGRQ Activity –5.3 (–16.1 to 5.5)
SGRQ Impact –5.2 (–12.5 to 2.2)
Maximum exercise capacity 

In all patients (in Watt) 5.4 (–2.4 to 13.2)
In patients receiving maintenance treatment with
oral glucocorticosteroids (in Watt) 15.7 (7.8 to 23.6)

Gosselink 200138 CRQ total –0.05 (–0.67 to 0.57)
(n1 = 9; n2 = 9 for CRQ, CRQ Dyspnea 0.40 (–0.48 to 1.28)
n1 = 12; n2 = 12 for exercise tests) CRQ Fatigue 0.00 (–0.73 to 0.73)

CRQ Emotional function –0.57 (–1.37 to 0.23)
CRQ Mastery 0.25 (–0.70 to 1.20)
Functional exercise capacity (walking distance in meters) –6 (–74 to 62)
Maximum exercise capacity (in Watt) –1 (–13.4 to 11.4)

Steiner 200335 CRQ Dyspnea –0.3 (–0.9 to 0.3)
(n1 = 25; n2 = 35) CRQ Fatigue –0.1 (–0.5 to 0.3)

CRQ Emotional function 0.1 (–0.3 to 0.5)
CRQ Mastery –0.5 (–1.1 to 0.1)
Functional exercise capacity (walking distance in meters) 18 (–8 to 45).
Endurance shuttle walk test (seconds) 103 (–55 to 255).

n1 = intervention group; n2 = control group
CRQ, maximum and functional exercise capacity: Between group differences > 0 favors intervention group; HADS, SGRQ, LCADL Breathlessness at maximum exer-
cise capacity (Borg scale): Between group differences > 0 favors control group

Table 6 Excluded studies after full text assessment

Study Reason for exclusion Study Reason for exclusion
Bianchi 19981 Not randomised controlled trial Maa 199715 Undefined exercise program
Bourjeily Habr 20022 Not randomised controlled trial McDonald 199516 No exercise program
Bradley 19783 Control group without exercise McKeon 198817 No exercise program
Costes 20034 Not randomised controlled trial Nandi 200318 No exercise program
Creutzberg 20035 Not randomised controlled trial Palange 199319 Not randomised controlled trial
Dolmage 19976 No exercise program Polkey 200020 No exercise program
Ferreira 19987 No exercise throughout whole study Pollini 198121 Not randomised controlled trial
Goris 20038 Control group without exercise Revill 200022 No exercise program
Gort 19939 Control group without exercise Rogers 199223 Control group without exercise
Gosselink 199710 Not randomised controlled trial Slinde 200224 Not randomised controlled trial
Hernandez 200111 No exercise program Teramoto 199525 No exercise program
Jolly 200112 No exercise program Teramoto 199626 No exercise program
Koechlin 200413 Only localized quadriceps exercise, Weiner 200027 Control group without exercise

no rehabilitative exercise program Young 198928 No exercise program
Kurihara 198914 No exercise programme
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Abstract

Background

Assessment of health-related quality of life (HRQL) is important in patients with chron-

ic obstructive pulmonary disease (COPD), but there is no validated disease-specific in-

strument available in German-speaking countries. The objective of this study was to

translate the chronic respiratory questionnaire (CRQ) into German, to develop inter-

viewer- and self-administered versions and to validate them in two randomised studies.

Methods

We recruited three groups of patients with COPD in Switzerland, Germany and Austria.

Patients in the first group completed the CRQ during pilot testing to adapt the CRQ to

German-speaking patients. We recruited another 80 patients participating in pulmonary

rehabilitation programs to assess internal consistency reliability and cross-sectional va-

lidity of the CRQ. A third group consisted of 38 patients with stable COPD without an

intervention to assess test-retest reliability. To compare the versions, we randomised

patients in groups 2 and 3 to the interviewer- or self-administered CRQ. Patients com-

pleted both the standardised and individualised dyspnoea questions.

Results

For both administration formats and all domains, we found good internal consistency re-

liability (Crohnbach’s alpha between 0.73 and 0.89). Cross-sectional validity tended to

be better for the standardised compared to the individualised dyspnoea questions and

cross-sectional validity was slightly better for the self-administered format. Test-retest

reliability was good for both the interviewer-administered CRQ (intraclass correlation

coefficients for different domains from 0.81 to 0.95) and the self-administered format

(0.78 to 0.86). Lower within-person variability was responsible for the higher test-retest

reliability of the interviewer-administered format while between-person variability was

similar for both formats.

Conclusions

Investigators in German-speaking countries can choose between valid and reliable self-

and interviewer-administered CRQ formats.
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Background

Clinicians and investigators are showing increasing agreement that measurement of

health-related quality of life (HRQL) is important for the therapeutic management.1 Es-

pecially for patients with chronic diseases such as COPD, the aim of treatments is to re-

duce symptoms and to improve quality of life.2 However, only translated3;4 but no clini-

cally validated German versions of COPD specific quality of life instrument exist.5

The interviewer-administered chronic respiratory questionnaire (CRQ)6 is a valid, re-

liable and responsive instrument7;8 that has seen extensive use.9-11 The domain scores are

easy to calculate and there is a significant body of literature guiding their interpreta-

tion.12-15 However, the requirement for an interviewer may be inefficient and some inves-

tigators suggested that the individualised dyspnoea questions may impact on compar-

isons between patients.8;16 A self-administered version17 of the CRQ as well as a standard-

ised dyspnoea domain are both available18. These administration formats need evalua-

tion before investigators can confidently use them in clinical trials. 

There is a need for a validated COPD-specific instrument in German-speaking coun-

tries. Such an instrument should not be time consuming neither for patients nor for hos-

pital staff in clinical trials and practice. In addition, there should be one version for all

German-speaking countries to ensure comparability of CRQ scores across these coun-

tries for future clinical trials. 

Therefore, the aim of this study was to translate the English versions of the interview-

er- and self-administered CRQ as well as the individualised and standardised dyspnoea

domains into German and to validate these formats concurrently in Switzerland, Ger-

many and Austria. We focus in this report on the instrument development, cross-sec-

tional validity and reliability. We report the evaluative properties of the German CRQ in-

cluding responsiveness and longitudinal validity elsewhere.19

Methods

Patients

We recruited three separate groups of patients with COPD (see table 1) with a FEV1/

FVC < 70 % predicted and postbronchodilator FEV1 < 80 % predicted according to

GOLD criteria COPD2 and no restriction of disease severity, German as the first or “dai-
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ly” language and age > 40 years; abili-

ty to complete the CRQ within one

session. We excluded patients with in-

ability to read or write, with cognitive

difficulties, with cancer or lung dis-

eases other than COPD. 

The first group consisted of 44 pa-

tients from four rehabilitation clinics

and a University hospital in Switzer-

land (Zürcher Höhenklinik Wald,

Klinik Barmelweid and University

Hospital of Zurich), Germany (Pul-

moresearch Institute Hamburg) and

Austria (Rehabilitationsklinik Weyer/

Enns). In these patients we pilot test-

ed the CRQ formats during the trans-

lation and adaptation process (table

1). These patients did not participate

in the subsequent validation trial.

We recruited an additional 80 pa-

tients (group 2) from the same four

rehabilitation centres. These patients

followed an intense multidisciplinary

pulmonary rehabilitation program

that consisted mainly of physical exercise but offered also patient education, relaxation

therapies and psychosocial support. With these patients we assessed the internal consis-

tency reliability and the cross-sectional validity of the German CRQ.

Finally, we recruited patients (group 3, n = 38) who did not have any changes in the

therapeutic management for at least six weeks and were in a stable pulmonary condition

to assess test-retest reliability of the German CRQ. We recruited these patients from one

University hospital (Zurich, Switzerland) and private offices of pulmonologists in Swit-

zerland (one office in Zurich) and Germany (two offices in Hamburg). 

66 Chapter 3 a

English CRQ-IA
and -SA

Translation 1

Translation 2
Consensus meeting

German CRQ-IA,
1st version

CRQ: chronic respiratory 
questionnaire
CRQ-IA: CRQ interviewer-
administered
CRQ-SA: CRQ self-administered

German CRQ-SA,
1st version

Pilot test 1 (n = 10)

German CRQ-IA, 
2nd version

German CRQ-SA,
2nd version

Back translation
and comparison
with English CRQ

German CRQ-IA,
3rd version

German CRQ-SA, 
3rd version

Pilot test 2
Phase 1 (n = 23)

German CRQ-IA, 
4th version

German CRQ-SA,
4th version

Pilot test 2
Phase 2 (n = 11)

German CRQ-IA, 
final version

German CRQ-SA, 
final version

Figure 1: Flow diagram of the development process of the German CRQ
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Translation and instrument development

We followed a sequential forward and backward translation approach (see figure 1).20

Two translators independently translated the English interviewer administered CRQ

(CRQ-IA) and self-administered CRQ (CRQ-SA) as well as the individual and standard-

ised dyspnoea items into German. In a Consensus Meeting with the translators, two pul-

monologists and a methodologist agreed on first German versions for these formats and

pilot tested them in ten patients of group 1 to identify difficulties in understanding. In ad-

dition, we tested various possible wordings of items, answer choices and instructions if

the translation team considered more than one possible version. An English translator

with experience in biomedical sciences but unaware of the original English CRQ per-

formed a back translation of the German CRQ formats into the source language (Eng-

lish). A team of McMaster University investigators compared the back translation with

the English CRQ to check for conceptual discrepancies. 

After administration of the CRQ to an additional 23 patients in group 1, the transla-

tion team discussed the comments from these patients and decided in consensus on

modifications. Finally, we recruited another eleven (of group 1) patients to investigate

whether these changes were appropriate. 

Chronic respiratory questionnaire

The CRQ is divided into the four domains of fatigue, emotional function, mastery and

dyspnoea. Patients answer to each of the 20 questions on a seven points scale expressing

the degree of disability from 1 (maximum impairment) to 7 (no impairment). The stan-

dardised dyspnoea domain comprises five items concerning activities that cause short-

ness of breath in some patients with COPD as previously described18;19 We trained all in-

terviewers in identical fashion to ensure consistent application following the recommen-

dations of the developer of the original CRQ (GHG).

Instrument testing/study design

To allow comparisons between the different administration formats of the German

CRQ, we validated them concurrently in two randomised studies. In the first study pa-

tients of group 2 were randomly allocated to the completion of either the CRQ-IA or

CRQ-SA. All patients completed the individualised and standardised dyspnoea items.

To eliminate order effects we also randomised the order of administration (first individ-
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ualised, then standardised or vice versa). We assessed all patients within 3 days after en-

rolment in any of the four rehabilitation programs. 

In the second randomised study, we used the same randomisation procedure and in-

cluded the 38 stable patients (group 3). These patients completed the CRQ twice, ten

days apart. These patients were blinded to their previous scores at the follow-up inter-

view. 

We generated two separate randomisation lists by computer (one for group 2 and one

for group 3) in blocks of four per centre. Allocation of patients to either the CRQ-IA or

CRQ-SA was concealed using a central telephone system. The site investigators, who

were unaware of details on block randomisation, contacted the study coordinator (MP)

by telephone for each patient who had given informed consent to receive the group as-

signment. The study coordinator registered the patient’s initials, gender and date of birth

to verify if all patients were allocated correctly. All local ethics committees approved the

study protocol and patients provided informed consent prior to participation in the

study.

Validation instruments to assess cross-sectional validity of the CRQ

Patients performed a six-minute walking test (6MWT) to assess functional exercise ca-

pacity at the beginning and end of the rehabilitation. In addition, we used a modified

Borg scale in German21 to assess the intensity of perceived dyspnoea at the end of the

6MWT. The Borg scale consisted of a scale labelled from 0 to 10 and with verbal de-

scriptors. Zero represented “no dyspnoea at all” and 10 “very, very severe dyspnoea”. We

used two additional instruments to assess HRQL: The German self-administered SF-36

health survey22 and the feeling thermometer (FT). The SF-36 is a generic instrument for

assessment of HRQL and assesses eight subscales of HRQL. Other investigators used the

SF-36 in trials with COPD patients participating in respiratory rehabilitation.23 The FT
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Table 1 Groups of COPD patients recruited for the adaptation and validation of the German CRQ

Number of patients Recruitment sites Objective

Group 1 44 4 pulmonary rehabilitation centres and Pilot testing of CRQ formats during translation 
one University hospital in Switzerland, and adaptation process
Germany and Austria

Group 2 80 4 pulmonary rehabilitation centres in Internal consistency reliability and cross-
Switzerland, Germany and Austria sectional validity of CRQ formats

Group 3 38 One outpatient service of a University Test-retest reliability of CRQ formats
hospital and three private practices in 
Switzerland and Germany 
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is an anchor-based visual analogue scale from 0 to 100 where 0 (dead) represents the

worst and 100 (full health) the best health state. Accumulating evidence suggests that

the FT works well as a HRQL instrument in various groups of patients, including pa-

tients with COPD24-26. All these outcome measures were taken at the same time as the

CRQ administration, i.e. at the beginning and end of the rehabilitation.

Statistical analysis

We calculated CRQ domain scores by summing the scores of the single items and then

dividing the sum by the number of items in the respective domain. We used parametric

tests because scores on the seven points Likert-type scale did not differ significantly from

a normal distribution (Shapiro-Wilk test and analysis of normal quantile-quantile plots).

We assessed internal consistency for each domain by calculating Crohnbach’s alpha

for CRQ baseline scores. In addition, we calculated for each standardised item its cor-

rected item-total correlation, which should exceed 0.2,27 and calculated Crohnbach’s al-

pha again excluding the item under study. We did not include the individualised dys-

pnoea domain in this analysis because patients select different items so that the domain

cannot be assessed across patients for internal consistency.

To assess cross-sectional validity we used Pearson correlation coefficients between

the CRQ baseline scores and those of the validation measures.

Finally, we assessed test-retest reliability using intraclass correlation coefficients for

the baseline and follow-up CRQ domain scores of the stable COPD patients by taking

the between person variance at baseline and follow-up as the signal and within person

variance as well as between person variance at baseline and follow-up as the noise. All

statistical analyses were performed with SPSS for Windows version 10.0 (SPSS Inc,

Chicago, Ill.).

Results

Translation and instrument development (group 1)

The wording of the questions and answer choices correspond to the original version. We

did not add or remove items nor change the answer scales apart from adaptation to Ger-

man. Modifications became necessary for the instructions of the individualised dyspnoea

items of the CRQ-SA. The instructions were too extensive and too complicated and pa-
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tients were not able to complete this domain by themselves. Therefore, we simplified the

instructions omitting some of the instructions that added text without contributing sub-

stantially to the understanding. In addition, we listed each item of the individualised and

standardised dyspnoea domain separately. This means that there are five separate ques-

tions for the dyspnoea domain. This is different from the English version where there is

just one question (“Please indicate how much shortness of breath you had during the last

two weeks while … [activity]”) followed by the five activities. 

Patients were surprised that the list of activities of the individualised dyspnoea do-

main did not begin with a true activity (“being angry or upset”). Therefore we placed this

item at position 5. Accordingly, the standardised dyspnoea question 1 of the English

CRQ (“Shortness of breath when being angry or upset”) was unchanged but placed as

question 3 in the German CRQ. We pilot-tested the changes and patients were able to

complete the German CRQ-SA without major difficulties and understood all item and

answer choices.

Internal consistency and cross-sectional validity (group 2)

We randomly assigned the 80 patients to either the CRQ-IA group (n = 40) or CRQ-SA

group (n = 40). Nine patients did not complete the study for the following reasons: five

withdrew for non-specified reasons, two discontinued the rehabilitation program short-

ly after admission (one patient had an acute exacerbation requiring inpatient care and

the other went home shortly after beginning of the rehabilitation) and upon review two

patients did not meet the a priori inclusion criteria. Thus, we analysed data from 38 pa-

tients of the CRQ-IA group and 33 patients of the CRQ-SA group. The patients of the

two groups (CRQ-IA and CRQ-SA) were similar at baseline: Mean age was 67.4 years

(SD 8.7) in the CRQ-IA and 67.7 (SD 8.3) in CRQ-SA group, FEV1/FVC predicted was

48.5 % (SD 13.3) in the CRQ-IA and 49.9 % (SD 10.5) in the CRQ-SA group and the av-

erage smoking history was 44.9 pack years (26.1) in the CRQ-IA and 46.8 (27.6) in the

CRQ-SA group (for more details19). 

Crohnbach’s alpha for baseline data were between 0.73 and 0.89 for both administra-

tion formats and met our a priori defined requirements for adequate internal consisten-

cy reliability (table 2). For the CRQ-IA, corrected item-total correlations for baseline

data were for all but one item above 0.32 (table 3). Item 9 (“How often during the last

two weeks have you felt embarrassed by your coughing or heavy breathing?”) had a very
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low item-total correlation of –0.03. If this item was deleted internal consistency reliabil-

ity would be markedly improved (0.86). Corrected item-total correlations tended to be

higher for the CRQ-SA (0.37–0.85). As for the CRQ-IA, item 9 showed the lowest cor-

rected item-total correlation but was considerable higher compared with the CRQ-IA

(0.37).

Correlations with other validation measures were generally higher for the standard-

ised dyspnoea questions compared to the individualised questions and for the self-ad-
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Table 2 Inter-item correlations* (internal consistency reliability) of the interviewer and self-administered 
format for baseline scores

Domain German CRQ-IA (n = 33) German CRQ-SA (n = 38)
Standardised dyspnoea items 0.73 0.78
Fatigue items 0. 81 0.83
Emotional function items 0.77 0.89
Mastery items 0.76 0.86 

* Crohnbach’s alpha; CRQ domain scores with values from 1 (largest impairment) to 7 (no impairment); CRQ-IA = Interviewer-administered chronic respiratory
questionnaire; CRQ-SA = Self-administered chronic respiratory questionnaire

Table 3 Inter-item correlations* (internal consistency reliability) of the interviewer and self-administered 
format for baseline scores

Item CRQ-IA CRQ-SA
Corrected item-total Crohnbach alpha if Corrected item-total Crohnbach alpha if 

correlation item deleted correlation item deleted

Standardised dyspnoea domain Standardised dyspnoea domain
1 0.46 0.70 0.56 0.74
2 0.68 0.62 0.67 0.71
3 0.50 0.69 0.44 0.78
4 0.32 0.74 0.70 0.71
5 0.56 0.66 0.48 0.77

Fatigue domain Fatigue domain
8 0.64 0.76 0.56 0.83
11 0.65 0.75 0.67 0.79
15 0.67 0.74 0.67 0.79
17 0.56 0.80 0.78 0.73

Emotional function domain Emotional function domain
6 0.66 0.71 0.80 0.85
9 –0.03 0.86 0.37 0.92
12 0.72 0.70 0.67 0.87
14 0.41 0.76 0.65 0.88
16 0.84 0.67 0.79 0.86
18 0.56 0.74 0.74 0.87
20 0.57 0.73 0.85 0.85

Mastery domain Mastery domain
7 0.49 0.75 0.67 0.83
10 0.65 0.66 0.76 0.80
13 0.44 0.78 0.65 0.85
19 0.72 0.63 0.77 0.79

CRQ-IA = Interviewer administered Chronic Respiratory Questionnaire; CRQ-SA = Self-administered Chronic Respiratory Questionnaire
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ministered compared to the interviewer-administered dyspnoea questions, respectively

(table 4). The correlations of the CRQ-SA dyspnoea domain with the FT, the SF-36

Mental Health and Vitality Index were statistically significantly higher than those of the

CRQ-IA. 

For the fatigue domain, the correlations were similar for the CRQ-IA and CRQ-SA

except for the correlations with the 6MWT, which was significant higher for the CRQ-
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Table 4 Cross-sectional validity for the individualised and standardised dyspnoea domains: 
Correlations for baseline scores

Instrument and domain CRQ-IA dyspnoea domains CRQ-SA dyspnoea domains
Individualised† Standardised† Individualised† Standardised†

Feeling thermometer 0.04 (–0.13;0.21) 0.12§ (–0.05;0.29) 0.09* (–0.08;0.26) 0.58*§ (0.44;0.72)
SF-36 general health perception index 0.03 (–0.14;0.20) 0.18 (0.01;0.35) 0.28 (0.12;0.44) 0.35 (0.19;0.51)
SF-36 physical functioning index 0.42 (0.26;0.58) 0.54 (0.40;0.68) 0.34* (0.18;0.50) 0.68* (0.55;0.81)
Mental health index 0.04 (–0.13;0.21) 0.20§ (0.03;0.37) 0.35 (0.19;0.51) 0.54§ (0.40;0.68)
SF-36 vitality index 0.17*§ (0.00;0.34) 0.59* (0.45;0.73) 0.60§ (0.46;0.74) 0.50 (0.35;0.65)
Six-minutes walk test 0.25 (0.08;0.42) 0.30 (0.14;0.46) 0.10 (–0.07;0.27) 0.28 (0.12;0.44)
Borg Scale –0.17 (–0.35;0.01) –0.03 (–0.20;0.14) –0.28 (–0.44;–0.12) –0.34 (–0.50;–0.18)

CRQ-IA = Interviewer administered German Chronic Respiratory Questionnaire; CRQ-SA = Self-administered German Chronic Respiratory Questionnaire
† Pearson Correlation Coefficient (95 % confidence intervals); r > 0.28 significant at p < 0.05; * indicate significant differences between the individualised and
standardised dyspnoea domains; § indicate significant differences between the domains of the CRQ-IA and CRQ-SA

Table 5 Cross-sectional validity for the fatigue, emotion and mastery domains.
Correlations for baseline scores†

Instrument and domain CRQ-IA domains CRQ-SA domains
Fatigue† Emotion† Mastery† Fatigue† Emotion† Mastery†

Feeling thermometer 0.10 (–0.07;0.27) 0.08 (–0.09;0.25) 0.17 (0.01;0.33) 0.16 (0.00;0.32) 0.19 (0.03;0.35) 0.30 (0.14;0.46)
SF-36 general health perception index 0.46 (0.31;0.61) 0.28 (0.12;0.44) 0.36(0.20;0.52) 0.18 (0.01;0.35) 0.12 (–0.05;0.29) 0.38 (0.22;0.54)
SF-36 physical functioning index 0.45 (0.30;0.60) –0.07 (–0.24;0.10) 0.30(0.14;0.46) 0.21 (0.04;0.38) –0.15 (–0.32;0.02) 0.39 (0.23;0.55)
SF-36 mental health index 0.53 (0.38;0.68) 0.72 (0.60;0.84) 0.62(0.49;0.75) 0.63 (0.50;0.76) 0.69 (0.57;0.81) 0.42 (0.26;0.58)
SF-36 vitality index 0.72 (0.60;0.84) 0.63 (0.50;0.76) 0.67 (0.54;0.80) 0.66 (0.53;0.79) 0.50 (0.35;0.65) 0.49 (0.34;0.64)
Six-minutes walk test 0.35§ (0.18;0.52) 0.24 (0.08;0.40) 0.30 (0.14;0.46) 0.00§ (–0.17;0.17) –0.04 (–0.21;0.13) 0.00 (–0.17;0.17)
Borg Scale –0.16 (–0.34;0.02) –0.11 (–0.28;0.06) –0.11 (–0.28;0.08) –0.11 (–0.28;0.06)–0.18 (–0.35;–0.01) –0.31 (–0.47;–0.15)

CRQ-IA = Interviewer administered German Chronic Respiratory Questionnaire; CRQ-SA = Self-administered German Chronic Respiratory Questionnaire
† Pearson Correlation Coefficient (95 % confidence intervals); r > 0.28 significant at p < 0.05; § indicate significant differences between the domains of the 
CRQ-IA and CRQ-SA

Table 6 Test-retest reliability# of the German CRQ

Domain German CRQ-IA German CRQ-SA
Individualised dyspnoea items 0.81 0.86
Standardised dyspnoea items 0.92 0.78
Fatigue items 0.95 0.79
Emotional function items 0.92 0.82
Mastery 0.92 0.80

# Intra class correlation coefficient; CRQ-IA = Interviewer-administered chronic respiratory questionnaire; CRQ-SA = Self-administered chronic respiratory 
questionnaire
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IA (table 5). We did not observe statistically significant differences between the CRQ-IA

and CRQ-SA for the correlations of the emotional function and mastery domain.

Test-retest reliability (group 3)

In patients randomised to the CRQ-IA (n = 16), mean age was 63.7 (SD 9.1), FEV1/FVC

in percent-predicted 44.3 (SD 10.4) and patients had a mean smoking history of 52.4

pack years (SD 28.9). Mean age in the CRQ-SA group (n = 19) was 61.1 (SD 8.0), FEV1/

FVC in percent-predicted 44.4 (SD 13.6) and a mean smoking history of 54.6 pack years

(SD 33.8). Intraclass correlation coefficients were higher for the CRQ-IA but also well

above 0.7 for all CRQ-SA domains (table 6). Lower within person variability was re-

sponsible for the higher test-retest reliability of the interviewer-administered format

while between person variability was similar for both formats.

Discussion

We developed different administration formats of the German CRQ and validated them

in two randomised studies. We found good internal consistency reliability for the inter-

viewer- and self-administered CRQ. Cross-sectional validity was better for the standard-

ised compared to individual dyspnoea questions. Test-retest reliability exceeded our pre-

set threshold (intraclass correlation coefficient > 0.7) for both the CRQ-IA and the

CRQ-SA. 

The strengths of our study included the stepwise development of the German CRQ

formats, which allowed us to reconsider and to test the different versions in three stages

of pilot testing. The aim of this approach was to add quality with every step in terms of

conceptual equivalence between the source and target version as well as in terms of

comprehensibility for the patients. While the CRQ-IA was easy comprehensible for pa-

tients, we noticed through pilot testing that patients had difficulties completing the indi-

vidualised dyspnoea items of the CRQ-SA by themselves. The authors of the original

CRQ did not observe these problems with English-speaking patients and this may have

resulted from the translation of the instructions. However by modifying and pilot testing

the instructions of this individualised dyspnoea domain we were able to develop an im-

proved version.
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The standardised dyspnoea domains produced higher cross-sectional correlations

than the individualised dyspnoea domains. This finding is important because it indicates

that the standardised CRQ dyspnoea domain allows for better discrimination between

different degrees of COPD severity. These results are consistent with those of a recent

study in which discriminative properties of the standardised dyspnoea questions of the

English CRQ also proved superior.18

We found for item 9 (“How often during the last two weeks have you felt embarrassed

by your coughing or heavy breathing?”) a very low item-total correlation of –0.03. We

do not have an explanation for that but we used the data set of group 3 (test-retest) and

analysed the item-total correlations of the emotional function domain. We found item-

total correlations of 0.51 for the interviewer-administered group and 0.50 for the self-ad-

ministered group. For all items of the emotional function domain the item-total correla-

tion was between 0.44 and 0.85. Thus we assume that the low item-total correlation was

due to chance. We will be able to confirm or refute this assumption as soon as we have

additional data sets form further studies using the CRQ.

Conclusions

The careful development of the German CRQ has led to reliable and valid self- and in-

terviewer administered CRQ formats and individualised and standardised dyspnoea

questions. The need of an interviewer and the time-consuming selection process of the

individualised dyspnoea questions are no longer a hindrance for the use of the CRQ: In-

vestigators can choose between self-and interviewer administered formats and individu-

alised and standardised dyspnoea questions based on efficiency considerations. The

brevity of the standardised CRQ-SA with good validity, reliability and responsiveness

makes the CRQ-SA an attractive choice for trials as well as for clinical practice.

Acknowledgment: We would like to thank Cornelia Flamann (Zürcher Höhenklinik Wald) and

Dr. Marco Laschke (Klinik Barmelweid) for data collection in their centres. The CRQ-IA and

CRQ-SA are copyrighted by McMaster University; principal authors Dr. Gordon Guyatt and

Dr. Holger Schünemann. Use of the instrument requires licensing. 
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Abstract

Background

The chronic respiratory questionnaire (CRQ) has demonstrated excellent measurement

properties in patients with chronic obstructive pulmonary disease (COPD), but in its

original form it is limited by the requirement for interviewer-administration and the in-

dividualised dyspnea questions. The objective of this randomised trial was to examine

the evaluative properties of the interviewer and self-administered German CRQ as well

as of a standardised CRQ dyspnea domain.

Methods

In a multinational trial we randomly allocated 71 patients with COPD to complete the

interviewer administered CRQ (CRQ-IA) or the self-administered CRQ (CRQ-SA) and

other validation measures at the beginning and end of a respiratory rehabilitation pro-

gram. We assessed and compared responsiveness and longitudinal validity of the CRQ.

Results

The change scores of all CRQ domains were above the minimal clinically important dif-

ference of 0.5. Responsiveness of the fatigue domain was higher for the CRQ-SA com-

pared to CRQ-IA (p = 0.02), but there was no difference in responsiveness on the other

domains. Compared to the standardised dyspnea domain the individualised dyspnea

questions tended to show greater responsiveness for both the CRQ-IA (p = 0.07) and

CRQ-SA (p = 0.10). We found better longitudinal validity for the CRQ-SA represented

by larger correlations between CRQ change scores and those of other validation instru-

ments.

Conclusion

Taken these results into consideration, researchers in COPD, in particular those in Ger-

man-language countries can utilize any one of four CRQ formats that have proved both

valid and responsive. 
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Introduction

Projections suggest that COPD is the only cause of death from chronic disease that will

increase worldwide until 2020.1 In Switzerland, Germany and Austria, the smoking

prevalence is above 30%2 and the decline in smoking prevalence seen in North-America

and Great-Britain is absent.3-5 In 1998, there were about 3–5 million patients with COPD

in German-speaking countries.6 Health-related quality of life (HRQL) in patients with

COPD is important in determining response to treatment.7;8 Although there are German

translations of COPD specific quality of life instruments, these translations have not

been properly validated in clinical trials.

Two widely used COPD-specific questionnaires are available in English: the inter-

viewer-administered chronic respiratory questionnaire (CRQ)9 and the self-administered

“St. George’s respiratory questionnaire”10. The CRQ is a valid and reliable instrument.11;12

Compared to the St. George’s respiratory questionnaire and generic questionnaires, it is

more responsive to small but important changes of HRQL.13;14 Another advantage of the

CRQ is the simple analysis and interpretability supported by a significant body of evi-

dence.15-17

Despite its established psychometric properties, investigators have criticised the CRQ

because it is interviewer-administered and the individualised dyspnea domain makes

comparisons between patients with different limitations in their daily activities diffi-

cult.18;19 Although a self-administered20 and a standardised21 version of the CRQ exist in

English, further validation and description of the measurement properties associated

with self-administration and standardization is important before widespread use of these

simplified administration formats.

The objective of this study was to assess and compare the measurement properties of

the self-administered and the interviewer-administered version of the German CRQ in-

cluding standardised dyspnea questions.

Methods

Patients

We included patients with COPD defined as FEV1/FVC < 70 % predicted and post-

bronchodilator FEV1 < 80% predicted, German as the first or daily language, age > 40
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years and ability to complete the CRQ within one session. We excluded patients with in-

ability to read or write, with cognitive difficulties (due to dementia, substance abuse or

neurological disorders), with cancer or lung diseases other than COPD. We recruited

patients consecutively from August to November 2002. All patients followed a multidis-

ciplinary program with emphasis on physical exercise. Additional elements were educa-

tional sessions, psychological support and relaxation therapies.

Study design

We conducted a multinational clinical trial to concurrently validate a German transla-

tion of the interviewer-administered CRQ (CRQ-IA) and the self-administered CRQ

(CRQ-SA) including a standardised dyspnea domain. In order to allow comparisons be-

tween these administration formats we randomised patients to complete either the

CRQ-IA or the CRQ-SA. Within each group (CRQ-IA or CRQ-SA) patients complet-

ed both the individualised and standardised dyspnea questions. To eliminate order ef-

fects we also randomised the order of receiving the individualised or standardised CRQ.

We produced a computer-generated randomisation list with blocks of four per centre.

To ensure concealment of allocation, the centre’s research leaders who were not aware

of block size called the study coordinator (MP) to obtain group assignment for each par-

ticipant. We assessed all patients within three days after enrolment (baseline) and after at

least two weeks of intense respiratory rehabilitation (follow-up) in any of the programs

(total duration of rehabilitation 2–3 weeks). We recruited patients from four rehabilita-

tion centres (three inpatient and one outpatient programme) in Switzerland (Zürcher

Höhenklinik Wald and Klinik Barmelweid, Barmelweid), Germany (Pulmoresearch Insti-

tute, Großhansdorf ) and Austria (Rehabilitationszentrum Weyer/Enns). All interviewers

completed standardised training session on the use and administration of the CRQ from

one of the investigators. All local ethics committees approved the study protocol and all

patients provided informed consent prior to participation in the study.

The German version of the chronic respiratory questionnaire

All questions of the German interviewer and self-administered version are identical and

correspond to those of the English versions22;23. The CRQ includes questions across the

four domains of fatigue, emotional function, mastery and dyspnea. Questions covering

the domains of fatigue, emotions and mastery are standardised and patients answer each
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question on a seven-point scale to express the degree of disability from 1 (maximum im-

pairment) to 7 (no impairment). For the individualised dyspnea domain, respondents se-

lect activities from a list of 26 items that cause the greatest degree of shortness of breath

in daily life or to list important activities not on the list. Subsequently patients select the

five activities of greatest importance to them and indicate the breathlessness associated

with these activities. The standardised dyspnea domain comprises five questions con-

cerning activities that cause shortness of breath in most patients with COPD24. These

five activities are: a) taking care of your basic needs (bathing, showering, eating or dress-

ing), b) walking, c) feeling emotional such as angry or upset, d) performing chores (such

as housework, shopping, groceries), e) participating in social activities. We used the in-

formed version of the CRQ that allows patients at follow-up to see their prior responses.25

For translation and cultural adaptation of the CRQ in the German-speaking coun-

tries, we used a standard approach for translation, back translation, pilot-testing and

evaluation of instrument test-retest reliability and internal consistency reliability.26 We

will describe these and other details of the development process as well as the discrimi-

native properties of the CRQ versions in a separate report.

Validation instruments to assess longitudinal validity of the CRQ

We used the self-administered SF-36 health survey, a generic instrument for assessment

of the health-related quality of life of patients. The SF-36 assesses 8 subscales of health-

related quality of life. The SF-36 has been translated into German and validated as part

of the IQOLA project.27 Other investigators used the SF-36 in trials with COPD patients

participating in respiratory rehabilitation.28

The feeling thermometer (FT) is an anchor-based visual analogue scale from 0 to 100

where 0 (dead) represents the worst and 100 (full health) the best health state. Accumu-

lating evidence suggests that the FT works well as an evaluative instrument in various

groups, including patients with chronic obstructive pulmonary disease29.

We used the Six-minute walking test (6MWT) to assess functional exercise capacity.

It measures the distance a patient can walk within six minutes. In addition, we used a

modified Borg scale in German30 to assess the intensity of perceived dyspnea at the end

of the 6MWT. The Borg scale consisted of a vertical line labelled 0 to 10 and with ver-

bal descriptors. Zero represented “no dyspnea at all” and 10 “maximal dyspnea”.
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Statistical analysis

We calculated the mean score for each CRQ domain by summing the scores for each

domain question and dividing it by the number of scored questions. We used parametric

tests because the distributions on the seven points Likert-type scale were normal.

We calculated the mean change between baseline and follow-up domain scores and

the corresponding 95 % confidence intervals. We used paired t-tests to determine if base-

line and follow-up scores differed significantly. To compare the responsiveness of the

CRQ-IA and CRQ-SA we used independent t-tests and, finally, we used paired t-tests to

compare the individualised and standardised dyspnea domain. 

To assess longitudinal construct validity, we calculated Pearson’s correlation coeffi-

cients between change scores on the CRQ domains and the FT, SF-36, 6MWT and

Borg scale.

We were interested in comparing the number of missing items between the different

formats of administration. Our main interest was in the comparison of missing or not ap-

plicable items resulting from standardization of the dyspnea domain.

For calculating the required sample size, we used the following formula for paired ob-

servations: n = [(Za+Zb)* SD/∆]2.31 where n represents the number of patients required

per group, Za and Zb the terms to set the level of significance and the power, SD the

standard deviation of the instrument and ∆ the desired difference between baseline and

follow-up. The minimal sample size required per group was 27 to show effects for all

four dimensions of 0.5 (the minimal important difference that patients or physicians

judge as important32) points assuming a standard deviation of 0.8, a = 0.05 and b = 0.10.

With an estimated dropout rate of 20 %, the required sample size increased to 32 per

group. 

All statistical analyses were performed with SPSS for Windows version 10.0 (SPSS

Inc, Chicago, Ill.).

Results

We recruited patients from the Zürcher Höhenklinik Wald (n = 20), the Klinik Barmel-

weid (n = 20), the Rehabilitationszentrum Weyer/Enns (n = 12) and the Pulmoresearch

Institute Hamburg (n = 28). We randomly assigned them to either the CRQ-IA group

(n = 40) or CRQ-SA group (n = 40). Nine patients did not complete the study for the
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following reasons: five withdrew for non-specified reasons, two did not complete the re-

habilitation program and upon review two patients did not meet the a priori inclusion

criteria. Table 1 shows that patients randomised to the CRQ-IA or CRQ-SA had similar

baseline characteristics.

In table 2, we present the baseline and follow-up scores of the CRQ domains by ran-

domisation group. Compared to the CRQ-IA, baseline scores on the CRQ-SA were

consistently lower for each of the domains. However, only for the individualised dysp-

nea domain was the difference significant (p = 0.02). The differences between the CRQ-

IA and CRQ-SA in the follow up scores were small and not statistically significant.

Both the interviewer and self-administered administration demonstrated statistically

and clinically significant improvement over the course of rehabilitation (table 3). The

83Chronic respiratory questionnaire

Table 1 Demographic information for patients randomised to the CRQ-IA or CRQ-SA

Patient characteristic Interviewer administration (n = 38) Self administration (n = 33)
Male (%) 24 (63.2) 23 (69.7)
Female (%) 14 (36.8) 10 (30.3)
Age* 67.4 (8.7) 67.7 (8.3)
FEV1 in % predicted* 45.1 (15.6) 45.1 (15.5)
FEV1/FVC in % predicted* 48.5 (13.3) 49.9 (10.5)
Pack years* 44.9 (26.1) 46.8 (27.6)
Six minute walking test at baseline* 359 (111) 361 (134)
Social status

Living alone (%) 8 (21.1) 12 (36.4)
Working (%) 6 (15.8) 5 (15.2)
Not working (%) 10 (26.3) 5 (15.2)
Retired (%) 22 (57.9) 23 (69.7)

Duration of rehabilitation (days)* 16.5 (3.0) 16.9 (3.8)

* Mean (standard deviation)

Table 2 Baseline and follow-up scores of the interviewer and self-administered formats of the CRQ

Domain CRQ-IA (n = 38) CRQ-SA (n = 33) ∆ (95 % confidence interval, p value*) 
Dyspnea individualised Baseline 3.17 ± 0.66 2.72 ± 0.91 0.45 (0.08;0.83; p=0.02)

Follow-up 4.19 ± 0.93 3.97 ± 1.37 0.22 (–0.32;0.77; p=0.41)
Standardised dyspnea Baseline 4.00 ± 1.01 3.55 ± 1.33 0.45 (–0.11;1.01; p=0.11)

Follow-up 4.78 ± 0.95 4.59 ± 1.31 0.19 (–0.34;0.73; p=0.48)
Fatigue Baseline 4.19 ± 1.20 3.81 ± 1.13 0.38 (–0.17;0.94; p=0.17)

Follow-up 5.02 ± 0.97 5.20 ± 1.03 –0.17 (–0.64;0.30; p=0.47)
Emotional function Baseline 4.38 ± 0.99 4.12 ± 1.22 0.26 (–0.26;0.79; p=0.32)

Follow-up 5.41 ± 0.84 5.24 ± 0.95 0.17 (–0.25;0.60; p=0.42)
Mastery Baseline 4.37 ± 1.24 4.25 ± 1.42 0.12 (–0.50;0.76; p=0.69)

Follow-up 5.26 ± 1.03 5.46 ± 0.89 –0.21 (–0.66;0.25; p=0.38)

CRQ domain scores with values from 1 (largest impairment) to 7 (no impairment); CRQ-IA = Interviewer-administered German chronic respiratory questionnaire;
CRQ-SA = Self-administered German chronic respiratory questionnaire; values are mean ± standard deviation; ∆ = difference between the CRQ-IA and CRQ-SA
* p-values for independent t-tests to compare the CRQ-IA and CRQ-SA
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lower limits of the confidence intervals were above the minimum important difference of

0.5 for all domains. The distribution of the change scores was wider for the CRQ-SA

compared to the CRQ-IA. When we compared the change scores of the CRQ-IA and

CRQ-SA, we found a significant difference between the fatigue domains (p = 0.02). The

change scores of the dyspnea, emotional function and mastery domains did not differ

significantly. For both the CRQ-IA and CRQ-SA responsiveness tended to be higher for

the individualised dyspnea questions compared to the standardised dyspnea questions

(p = 0.07 for the CRQ-IA and p = 0.10 for the CRQ-SA). 

We show the longitudinal validity represented by the correlations between CRQ

change scores and change scores of the FT, SF-36, 6MWT and Borg scale in tables 4

and 5. Most of the correlation coefficients for the change scores were higher in the

groups randomised to the CRQ-SA.

Time required completing the CRQ-IA and the CRQ-SA with individualised dyspnea

questions was for both administration formats 16 minutes at baseline and ten minutes at

follow-up. Administration time for CRQ-IA and the CRQ-SA with standardised dys-

pnea questions was for both formats eight minutes at baseline and eight (CRQ-IA) and

seven (CRQ-SA) at follow-up. Thus, patients needed less time to complete the standard-

ised CRQ-SA while the mode of administration (self versus interviewer) did not affect

the time required for completion.

There were more unanswered items in the standardised than in the individualised

dyspnea domain. 90 % of the respondents completed five, 5 % four and 5 % three indi-

vidual dyspnea questions at baseline. For the standardised questions, 66 % of patients

completed five, 26 % four and 8 % three dyspnea questions. At follow-up, 66 % of the re-

spondents completed five, 11 % four and 18 % three individual dyspnea questions. 50 %

of the patients completed five, 18 % four and 26 % three standardised dyspnea questions
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Table 3 Change scores of the interviewer and self-administered format of the CRQ

Domain CRQ-IA (n = 38) p value* CRQ-SA (n = 33) p value* p value†

Individualised dyspnea 1.02 (0.76–1.28) < 0.001 1.25 (0.86–1.64) < 0.001 0.32
Standardised dyspnea 0.79 (0.52–1.06) < 0.001 1.04 (0.63–1.46) < 0.001 0.28
Fatigue 0.83 (0.55–1.12) < 0.001 1.39 (1.03–1.75) < 0.001 0.02
Emotional function 1.03 (0.78–1.28) < 0.001 1.12 (0.73–1.51) < 0.001 0.73
Mastery 0.88 (0.61–1.16) < 0.001 1.22 (0.77–1.66) < 0.001 0.21

CRQ domain scores with values from 1 (largest impairment) to 7 (no impairment); CRQ-IA = Interviewer-administered German chronic respiratory questionnaire;
CRQ-SA = Self-administered German chronic respiratory questionnaire; Values are mean (95 % confidence interval)
* p-values for paired t-tests to compare baseline and follow up scores of the CRQ-IA and CRQ-SA; † p-values for independent t-tests to compare the change scores of
the CRQ-IA and CRQ-SA
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at follow-up. Patients frequently responded “not applicable” to those questions that in-

cluded activities, which patients did not perform during the rehabilitation program. All

patients completed all items of the fatigue, emotion and mastery domain at baseline. At

follow up, 100 % of the patients completed all items of the mastery domain, 97 % all items

of the fatigue domain and 92 % (CRQ-IA) or 97 % (CRQ-SA), respectively, all items of

the emotion domain. 
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Table 4 Longitudinal validity for the individualised and standardised dyspnea domains. Correlations for change scores†

Instrument and domain CRQ-IA dyspnea domains CRQ-SA dyspnea domains
Individualised† Standardized† Individualised† Standardized†

Feeling thermometer 0.38 0.21§ 0.42 0.53§

(0.23;0.53) (0.05;0.37) (0.27;0.57) (0.39;0.67)
SF-36 general health perception index 0.16 –0.02§ 0.41 0.46§

(0.00;0.32) (–0.19;0.15) (0.26;0.56) (0.31;0.61)
SF-36 physical functioning index 0.20 –0.04§ 0.16 0.30§

(0.04;0.36) (–0.21;0.13) (0.00;0.32) (0.14;0.46)
SF-36 mental health index 0.06 0.05§ 0.25 0.40§

(–0.11;0.23) (–0.12;0.22) (0.09;0.41) (0.25;0.55)
SF-36 vitality index –0.26* 0.09* –0.16 0.03

(–0.42;–0.10) (–0.08;0.26) (–0.32;0.00) (–0.14;0.20)
Six-minutes walk test 0.39* 0.06* –0.01 –0.02

(0.24;0.54) (–0.11;0.23) (–0.18;0.16) (–0.19;0.15)
Borg scale –0.50 –0.33 –0.46 –0.54

(–0.64;0.36) (–0.49;–0.17) (–0.61;–0.31) (–0.68;–0.40)

CRQ-IA = Interviewer-administered German chronic respiratory questionnaire; CRQ-SA = Self-administered German chronic respiratory questionnaire
† Pearson Correlation Coefficient (95 % confidence intervals); r > 0.28 significant at p < 0.05; * indicate significant differences between the individualised and 
standardised dyspnea domains; § indicate significant differences between the domains of the CRQ-IA and CRQ-SA

Table 5 Longitudinal validity† for the fatigue, emotion and mastery domains. Correlations for change scores

Instrument and domain CRQ-IA Domains CRQ-SA Domains
Fatigue† Emotion† Mastery† Fatigue† Emotion† Mastery†

Feeling thermometer 0.22 0.27 0.33 0.47 0.42 0.55
(0.06;0.38) (0.11;0.43) (0.17;0.49) (0.32;0.62) (0.27;0.57) (0.41;0.69)

SF-36 general health 0.34 0.42 0.29 0.56 0.44 0.39
perception index (0.18;0.50) (0.27;0.57) (0.13;0.45) (0.42;0.70) (0.29;0.59) (0.24;0.54)

SF-36 physical 0.18 0.02§ 0.10 0.41 0.38§ 0.38
functioning index (0.02;0.34) (–0.15;0.19) (–0.07;0.27) (0.26;0.56) (0.23;0.53) (0.23;0.53)

SF-36 mental health index 0.23 0.41 0.33 0.40 0.47 0.39
(0.07;0.39) (0.26;0.56) (0.17;0.49) (0.25;0.55) (0.32;0.62) (0.24;0.54)

SF-36 vitality index 0.37 0.30 0.31 0.49 0.41 0.38
(0.22;0.52) (0.14;0.46) (0.15;0.47) (0.34;0.64) (0.26;0.56) (0.23;0.53)

Six-minutes walk test –0.15 –0.10 –0.07 –0.18 –0.09 –0.05
(–0.31;0.01) (–0.27;0.07) (–0.24;0.10) (–0.34;–0.02) (–0.26;0.08) (–0.22;0.12)

Borg Scale –0.48 –0.35 –0.35§ –0.57 –0.64 –0.68§

(–0.63;–0.33) (–0.51;0.19) (–0.51;–0.19) (–0.71;–0.43) (–0.77;–0.51) (–0.80;–0.56)

CRQ-IA = Interviewer administered German Chronic Respiratory Questionnaire; CRQ-SA = Self-administered German Chronic Respiratory Questionnaire
† Pearson Correlation Coefficient (95 % confidence intervals); r > 0.28 significant at p < 0.05; § indicate significant differences between the domains of the CRQ-IA
and CRQ-SA.
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Discussion

We validated four formats of the German CRQ concurrently in a randomised trial. All

four formats were highly responsive to HRQL changes resulting from respiratory reha-

bilitation. Longitudinal validity was better for the CRQ-SA.

In general, baseline scores were lower for the CRQ-SA (table 2). Although lower

baseline scores could result in larger improvements, we did observe higher responsive-

ness only for the fatigue domain of the CRQ-SA compared to the CRQ-IA (table 3). We

found differences between the individualised and standardised dyspnea domains for

both the CRQ-IA and CRQ-SA that failed to reach conventional levels of statistical sig-

nificance. A likely explanation for increased responsiveness is that the individualised

dyspnea questions focus on important activities and patients may perceive larger bene-

fits from effective interventions such as respiratory rehabilitation compared to standard-

ised questions. Another explanation could be that baseline scores of the individualised

questions were lower for both the CRQ-IA and CRQ-SA because patients chose activi-

ties causing the most severe dyspnea.

The difference in responsiveness between the standardised and the individualised

dyspnea domain may have important consequences for clinical trials because it affects

sample size. Given the same power and level of statistical significance to detect an iden-

tical change in HRQL the required sample size in a trial using the standardised dyspnea

domain increases two-fold compared to using the individualised domain. The effect of

decreased responsiveness with the standardised dyspnea domain may be relevant for

studies with sample size limitations. In these studies, investigators could use the individ-

ualised CRQ dyspnea domain. It is important to note that changing to standardised

items will not reduce the correlation between change in the CRQ dyspnea domain and

change in other HRQL measures. In fact, the correlations between change scores were

generally higher in the group randomised to the CRQ-SA. Therefore, if large sample

sizes are feasible and investigators feel the greater ease of the standardised items is im-

portant in their study, they can choose the standardised approach without fearing they

are compromising the CRQ’s validity as a measure of change over time or cross-section-

ally (manuscript in preparation).

For both the interviewer and self-administered CRQ, there were few missing items for

the fatigue, emotional function and mastery domain. However, we observed more miss-
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ing items for the standardised than for the individualised dyspnea questions. The latter

finding is not surprising because on the individualised domain patients can choose im-

portant activities themselves. Therefore, patients are more likely to perform these activ-

ities compared with activities provided in the standardised dyspnea domain. Neverthe-

less, 94 % of all patients completed at least three items at baseline and follow up for both

the individualised and standardised domain. If less than three items would have been

completed by a large number of patients, validity would have suffered whereas respon-

siveness is not much affected if there are at least two completed items per domain.33

The strengths of our trial include the rigorous methodological approach and the val-

idation of the questionnaire using an intervention of known effectiveness.7 We trained all

interviewers alike to ensure equal adherence to the study protocol. We conducted a mul-

ticentre trial in three countries to validate a single CRQ that is applicable in the German-

speaking countries in Europe. Finally, we used random allocation, which allowed us to

validate four different formats of the CRQ concurrently and to make direct comparisons

between them.

The trial had the following weaknesses. Follow-up evaluation was performed at the

end of the rehabilitation program rather than upon return to the home environment. In

addition, due to the absence of a validated German disease specific HRQL instrument

and, therefore, we were limited to the use of generic instruments for validation. How-

ever, we demonstrated similar improvement of HRQL compared to other respiratory

rehabilitation trials.34;35

In conclusion, we validated four responsive and valid versions of the CRQ. The re-

source and time consuming interviewer administration using individualised dyspnea

questions are not any longer a hindrance for the use of the CRQ. If one accepts the pre-

sumably lower responsiveness of the standardised dyspnea questions, the CRQ-SA is an

easily applicable instrument.
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Abstract

Introduction

To provide optimal care for patients with chronic obstructive pulmonary disease physi-

cians need to understand if their patients benefit from an intervention. The objective of

this study was to assess agreement between patients and physicians on health related

quality of life (HRQL) changes in response to respiratory rehabilitation and to explore

sources for disagreement.

Methods

61 patients rated their health states on a validated preference-based instrument, the feel-

ing thermometer (FT). In an analogous manner, the eight treating physicians rated the

patients’ health states on the FT. Patients and physicians were blinded to each other’s

ratings. We calculated intraclass correlation coefficients (ICC) to assess agreement be-

tween patients and physicians and used HRQL instruments and the six-minute walking

test to assess the evaluative properties of the FT.

Results

We found moderate agreement at baseline (ICC 0.40, p = 0.018) and follow-up (ICC 0.49,

p = 0.008) but large disagreement about change scores (ICC 0.02, p = 0.46). Patients’ FT

change scores correlated well with change scores of the chronic respiratory question-

naire, SF-36 and the Borg scale for dyspnoea whereas physicians’ FT change scores cor-

related significantly with the change score of the six-minute walking test (r = 0.33). Physi-

cians’ ratings showed an inconsistent pattern for correlations with HRQL measures.

Conclusions

There is large disagreement between patients and physicians on HRQL changes in re-

sponse to respiratory rehabilitation. Investigators should assess whether the introduc-

tion of HRQL instruments into clinical practice raises the awareness of physicians to-

wards health-related quality of life and improves agreement with their patients.
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Introduction

In patients suffering from chronic diseases, ascertainment of treatment effects must in-

clude individual patients’ symptoms and health-related quality of life (HRQL)1;2. Physi-

cians should have a vivid understanding of patients’ symptoms and HRQL to adequate-

ly evaluate the benefits from interventions such as respiratory rehabilitation. Agreement

on HRQL changes between patients and physicians indicates that physicians are able to

understand the patients’ perspective. This will help physicians to inform future patients

about the effects of respiratory rehabilitation on patient-important outcomes. 

The aim of respiratory rehabilitation for patients with chronic obstructive pulmonary

disease (COPD) is to improve HRQL and exercise capacity.1;2 There is strong evidence

that respiratory rehabilitation leads to clinically relevant improvements of HRQL.3 Phys-

icians should act on this evidence, but they also need to evaluate the benefits and harms

of respiratory rehabilitation in their individual patients. However, there is little evidence

about physicians’ assessment of health status and HRQL changes in individual patients

with COPD and their agreement with patients1.

Agreement between the patients’ and physicians’ estimates of HRQL is an ongoing

focus of interest. Ratings scales and multidimensional HRQL instruments have been

used frequently to assess patients’ and physicians’ estimations of general health status4;5,

disease-specific HRQL6;7 or pain8;9. In most of these studies, agreement between the pa-

tients’ and physicians’ perspective was moderate (intraclass correlation coefficients for

most studies between 0.5 and 0.6). Investigators10 suggested that some disagreement may

result from different measurement properties of the HRQL instruments in terms of va-

lidity and reliability when used by patients and physicians.

Investigators use preference based instruments to measure HRQL and to obtain util-

ity estimates11-13, including the feeling thermometer (FT), a visual analogue scale present-

ed in the form of a thermometer with 100 marked intervals.14 When completing this in-

strument, patients choose the score on the thermometer that represents the value they

place on their health state. The FT works well as an evaluative instrument to assess

HRQL. Two recent randomised trials15;16, the EuroQol17 and other studies18-21 have shown

the good responsiveness and strong longitudinal validity of the FT.

We assessed how patients and their treating physicians evaluated HRQL changes in

response to respiratory rehabilitation using the FT and we explored the measurement
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properties of the FT when used by patients and physicians as a potential determinant in-

fluencing the level of agreement.

Methods

Study design

The data for this study were collected in a randomised trial in which we assessed the

measurement properties of different administration formats of the German chronic res-

piratory questionnaire (CRQ).22;23 In this present study, we compared patients’ and physi-

cians’ estimations of changes in health status following therapy using the FT14. At base-

line, we asked patients with COPD to rate their general health status on the FT. After

completion of an intense respiratory rehabilitation program we showed patients their

baseline score and asked them again to rate their general health status on the FT consid-

ering their first score. 

In an analogous manner, we asked physicians directly involved in the care of the en-

rolled patients to value the patients’ general health status on an identical FT at baseline

and follow-up. Physicians and patients were blinded to each other’s ratings. We did not

intervene in the rehabilitation programme apart from the baseline and follow-up assess-

ments. All local ethics committees approved the study protocol and patients provided

informed consent prior to participation in the study.

Participants, physicians and intervention 

We recruited consecutive COPD patients in four rehabilitation clinics in Switzerland,

Germany and Austria from August to November 2002 as described previously22. We se-

lected respiratory rehabilitation as the intervention because there is strong evidence for

its effectiveness to improve HRQL and exercise capacity3 and it was therefore suitable

for our analysis. We included physicians who were directly involved in the rehabilitative

care of patients enrolled in this study. The intense respiratory rehabilitation programmes

followed the published recommendations and consisted mainly of physical exercise2, but

included also educational and psychological sessions. The sessions lasted for two to

three weeks and were continued for another eight weeks at lower intensity in ambulato-

ry rehabilitation sites. 
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Outcome assessment

We used the FT as an estimate for general health status for both the patients and physi-

cians. We used defined anchors for the worst (dead = 0) and best (perfect health = 100)

health states to facilitate comparisons between individuals and groups.24 We used an in-

formed version of the FT, i. e. patients and physicians could reflect in their follow-up

score the baseline estimate and the improvement since then. The uninformed adminis-

tration of the FT may cause bias because physicians might recall pretreatment scores

more easily than patients or vice versa. This bias would result in a more informed esti-

mation of the after treatment scores in one group. 

In addition, previous studies showed that informing patient of their pretreatment

scores improved measurement properties of HRQL instruments when administered af-

ter intervals of approximately two weeks.25

Additional outcome measures at baseline and follow-up

We used informed versions of the self- and interviewer-administered formats of the

chronic respiratory questionnaire (CRQ)22;26 to assess COPD-specific HRQL. The 20

questions of the CRQ provide summary scores for four domains that are important to

COPD patients (dyspnoea, fatigue, emotional function and mastery). Patients answer

each of the 20 questions on a seven-point scale expressing the degree of disability from

1 (maximum impairment) to 7 (no impairment). In addition all patients completed Six-

minute walking tests, the self-administered uninformed version of the German SF-3627

and a modified Borg scale in German28 to assess the intensity of perceived dyspnoea at

the end of the six-minute walking test. The Borg scale consisted of a vertical line labeled

from 0 to 10 and with verbal descriptors. Zero represented “no dyspnoea at all” and 10

“maximal dyspnoea.” Of the HRQL instrument, patients completed the CRQ first, fol-

lowed by the SF-36 and the FT.

Statistical analysis 

We first determined the effectiveness of respiratory rehabilitation in our patients on a

group level using established outcomes measures such as the CRQ and the six-minute

walking test3. We calculated means and standard deviations for baseline, follow-up and

change scores of the CRQ and the six-minute walking test and used paired t-tests to

compare baseline and follow-up scores. We determined the proportion of patients
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whose change scores were above the minimal clini-

cally importance difference, which is 0.5 for the

CRQ29;30 and around 50 meters for the six-minute

walking test31.

We then calculated means and standard devia-

tions for baseline, follow-up and change scores for

the FT of patients and physicians. We constructed

Bland-Altman plots32 of the difference between the

estimates of each patient-physician pair against the

mean of their health status estimates (mean for each

patient-physician pair) to visualise if the observed

differences depended on the magnitude of the FT

estimates (e. g. more disagreement for patients with

worse health status). We developed Bland-Altman

plots for baseline, follow-up and change scores to as-

sess patient-physician agreement. In addition, we cal-

culated intraclass correlation coefficients (two-way

mixed effects model for average measures) for baseline, follow-up and change score

agreement. The intraclass correlation coefficient is more appropriate for assessing relia-

bility than the Pearson correlation coefficient because it reflects random as well as sys-

tematic differences in test scores. 

We were interested in the evaluative properties of the FT. We assessed responsiveness

(the ability to detect change in HRQL) using paired t-tests to compare baseline and fol-

low-up scores within patients and physicians as well as unpaired t-tests to compare

change scores between patients and physicians. We also determined the proportion of

patients and physicians whose change scores were above the minimal clinically impor-

tance difference of the FT of 8.33 We also assessed longitudinal validity of the FT for pa-

tients and physicians, i. e. whether the tendency for improvements or worsening meas-

ured by the FT was analogous compared to other outcome measures such as the CRQ,

the six-minute walking test, the SF-36 (general health and vitality index) and the Borg

scale. We calculated Pearson correlation coefficients of the FT change scores with change

scores of these outcome measures. Finally, in a post hoc analysis we used linear regres-

sion models with the difference between patient and physician change scores as the de-
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Table 1 Characteristics of participants

Baseline characteristics
Physicians N = 8
Age, mean years (SD) 38.1 (7.8)
Women, N 4
Status, N
Residents 4
Specialists 4

Internal medicine 4
Respiratory medicine 1
Rehabilitation medicine 2

Years since graduation
Residents, mean (SD) 2.75 (0.5)
Specialists, mean (SD) 15.74 (7.4)
Working in teaching hospital, No. 6 

Patients N = 61
Women, N (%) 18 (34.5)
Age, years, mean (SD) 69.0 (7.2)
FEV1, mean % predicted (SD) 43.8 (14.7)
FEV1/FVC, mean % predicted (SD) 48.5 (12.3)
Six-minute walking test, mean meters (SD) 358 (118)
Smoking, mean pack-years (SD) 45.8 (27.6)
Social status, N (%)

Living alone 20 (32.8)
Working 9 (14.8)
Not working 8 (13.1)
Retired 44 (72.1)

Duration of rehabilitation, mean days (SD) 16.8 (3.7)
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pendent variable to assess whether physician or patient characteristics such as working

experience, specialization, rehabilitation centres (two teaching and one non-teaching

hospital), patients’ age or disease severity were significant independent predictors for

disagreement.

We set the statistical significance level at p values < 0.05. We performed all statistical

analyses with SPSS for Windows version 10.0 (SPSS Inc, Chicago, Ill.).

Results

We initially enrolled 80 patients in this study, but we had insufficient data for nine pa-

tient-physician pairs for the following reasons: three patients withdrew for non-specified

reasons, two did not complete the rehabilitation (one patient suffered from acute exac-

erbation and one discontinued the rehabilitation program), three physicians did not pro-

vide a FT score for the follow-up assessment and, upon review, one patient did not meet

the a priori inclusion criteria. In addition, we excluded all patients (n = 10) recruited in

Austria from the analysis because the treating physician did not remain blind to the pa-

tients’ FT scores. Thus, we included data from 61 pairs with complete data sets (61 pa-

tients and eight physicians). 

Table 1 presents the patient and physicians characteristics at baseline. The physicians

of the four rehabilitation centres differed in their clinical experience. Residents in one

Swiss teaching hospital for rehabilitation medicine had a working or training experience

of three years or less. They attended one year in the rehabilitation clinic as part of their

five years training program in internal medicine or another discipline. In the other hos-

pitals, the physicians had completed their training programs in internal medicine and

two of them had subspecialty training in respiratory or rehabilitation medicine.

We observed not only significant differences between baseline and follow-up scores in

all CRQ domains and the six-minute walking test (table 2), but 61 to 77 % of the patients

had change scores above the minimal clinically important difference on the CRQ scores

and 32 % improved their functional exercise capacity clinically meaningfully (> 50 me-

ters). Thus the patients’ health status improved over the course of rehabilitation. At

baseline, patients estimated their health states on the FT significantly higher than physi-

cians (p = 0.015), while estimations at follow-up did not differ significantly (p = 0.23, see

table 3). The FT in both patients and physicians indicated good responsiveness. But the
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physicians’ change scores were on average 9.5 points larger (p < 0.001) compared to the

patients’ estimates. Accordingly, a larger proportion of patients had change scores above

8 from the physicians’ perspective (93 %) compared to the patients’ perspective (66 %).

The intraclass correlation coefficient was 0.40 (95 % CI 0.01 to 0.63, p = 0.018) for

baseline agreement, 0.46 (95 % CI 0.11 to 0.68, p = 0.008) for follow-up agreement and

0.02 (95 % CI –0.39 to 0.34, p = 0.46) for agreement of change scores. The Bland-Altman

plots in figure 1 show the differences between patients and physicians (y-axis) and across

the spectrum of disease severity (x-axis). There was a systematic trend towards higher

baseline ratings by patients (data symbols above zero in upper plot) and higher change

scores by physicians (data symbols below zero in lower plot). 

We show the longitudinal validity of the FT in table 4. The patient FT change scores

showed moderate to good correlations with all other HRQL measures indicating that

the FT is indeed a global estimate for HRQL and symptoms (dyspnoea). The patient FT

change scores did not reflect changes of exercise capacity as measured by the six-minute

walking test. In contrast, we observed for the physician FT ratings the highest correlation

with changes of exercise capacity (r = 0.36). Correlations with HRQL measures were in-
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Table 2 Effectiveness of respiratory rehabilitation

Baseline Follow-up Change scores (range) Proportion of patients ≥ MID
(CI, p value)

CRQ dyspnoea domain 3.78 (1.12) 4.68 (1.10) 0.90 (range –0.8 to 4.8) 61 %
(0.63;1.12; p < 0.001)*

CRQ fatigue domain 3.99 (1.22) 5.01 (0.99) 1.02 (range –1.8 to 3.8) 77 %
(0.83;1.35; p < 0.001)*

CRQ emotional function domain 4.26 (1.15) 5.32 (0.90) 1.06 (range –1.3 to 3.9) 70%
(0.83;1.30; p < 0.001)*

CRQ mastery domain 4.36 (1.37) 5.39 (0.97) 1.03 (range –0.5 to 4.3) 70 %
(0.75;1.30; p < 0.001)*

Six-minute walking test (meters) 358.1 (115.2) 393.6 (120.5) 35.4 (range –132 to 140) 32 %
(22.1–48.8; p < 0.001)*

Values are mean (standard deviation); * Paired t-tests (95 % confidence intervals; p value)

Table 3 Baseline, follow up and change scores of the patients’and physicians’estimation of health status on the FT

Baseline Follow-up Change scores Proportion of patients ≥ MID
Patient FT 50.3 (14.0)§ 63.0 (15.7)§ 12.7 (range –14 to 40) 66 %

(10.0;15.3; p< 0.001)#

Physician FT 44.0 (14.4)§ 66.2 (13.4)§ 22.2 (range 0 to 55) 93 %
(19.2;25.1; p< 0.001)#

Difference between patients 6.3 –3.2 –9.5
and physicians (1.2;11.4: p = 0.015)* (–8.4;2.1; p = 0.23)* (–5.6;–13.4; p < 0.001)*

§ Values are mean (standard deviation); * Unpaired t-tests (95 % confidence intervals; p value); # Paired t-tests (95 % confidence intervals; p value)
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Figure 1: The three Bland-Altman plots show the
difference between patients’ and physicians’ base-
line, follow-up and change scores on the feeling
thermometer (FT) against the mean of their base-
line and follow-up scores. The middle line repre-
sents full agreement between patients and physi-
cians (difference = 0) and the upper and lower line
two standard deviations of the FT baseline scores.
There is no clear trend that disease severity influ-
enced differences between patients and physicians
(smaller differences towards higher FT scores).
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consistent and only significant with the CRQ

emotional function domain (r = 0.33).

Experience of physicians (B = –4.8, P =

0.63), specialization (B = –7.7, P = 0.74), reha-

bilitation centres (B = –1.6, P = 0.75), disease

severity (B = –0.2, P = 0.16) and patients’ age

(B = –0.5, P = 0.09) were not significant pre-

dictors for disagreement between patient and

physician change scores.

Discussion

In this analysis, we studied agreement between patients and treating physicians on ther-

apy related HRQL gains. While agreement for health status at baseline and follow-up

was moderate, there was large disagreement on change of health status. The FT showed

excellent responsiveness when used by patients and physicians but only the patients’ rat-

ings on the FT reflected HRQL changes well. The patients’ FT changes scores correlat-

ed consistently with established HRQL measures such as the CRQ and the SF-36, while

the physician’s FT showed a different and inconsistent pattern of correlations with the

change scores of other outcome measures.

The strength of our study includes the prospective study design that allowed blinding

the patients and physicians to each other’s ratings. In addition we could not only explore

patient and physician factors that may explain some of the disagreement but we also had

outcome measures to assess the evaluative properties of the FT.

The limitations of the study include the short time between baseline and follow-up

and one could criticize that patients may not perceive the full effect from respiratory re-

habilitation despite gains in function, until later.34 However, we did observe treatment ef-

fects similar to those of other studies about respiratory rehabilitation indicating that pa-

tients achieved large improvement in HRQL.35;36 In addition, our study resembles clini-

cal practice in which the clinician has to assess patients after the intense respiratory re-

habilitation and before referring them to subsequent less intense programs. If physicians

caring for patients with COPD cannot adequately evaluate the effect from respiratory

rehabilitation, the decision for referral is insecure. Our study included 61 patient-physi-
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Table 4 Correlation* between the FT change scores and the 
other outcome measures

Patient FT Physician FT
Dyspnoea CRQ 0.43# (0.31 to 0.55) 0.04 (–0.09 to 0.17)
Fatigue CRQ 0.42# (0.30 to 0.54) 0.17 (0.04 to 0.30)
Emotional function CRQ 0.43# (0.31 to 0.55) 0.33§ (0.21 to 0.45)
Mastery CRQ 0.51# (0.40 to 0.62) 0.16 (0.03 to 0.29)
SF-36 general health perception 0.30§ (0.17 to 0.43) 0.04 (–0.12 to 0.14)
SF-36 vitality index 0.27§ (0.14 to 0.40) –0.05 (–0.19 to 0.09)
Borg dyspnoea scale –0.31§ (–0.19 to –0.43) 0.08 (–0.05 to 0.21)
Six-minute walking test 0.03 (–0.10 to 0.16) 0.36§ (0.24 to 0.48)

* Pearson correlation coefficient (95 % confidence interval), # significant at < 0.01; 
§ significant at < 0.05
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cian pairs and a larger number of pairs would have led to more precise estimates of agree-

ment. However, agreement for baseline and follow-up scores, i. e. single points of time,

were similar compared to previous studies that assessed agreement10.

There are several reasons for disagreement between physician and patient ratings. We

eliminated bias by keeping patients and physicians blind to each other’s HRQL meas-

ures. Therefore, therapeutic actions were taken without discussing these estimates and

these conditions mimic current clinical practice.37 Our data indicate that physicians fo-

cused on objective outcomes such as the Six-minute walking test2 and included little pa-

tient important outcomes in their rating of patients’ HRQL. In addition, physicians are

generally more familiar with outcome measures that reflect physiological processes. The

correlation of the emotional function domain of the CRQ with the physicians’ FT scores

indicates that physicians consider emotional function in their evaluation of HRQL. For

the patients, we confirmed the consistent correlation of the FT with HRQL measures as

observed in earlier studies15-17;38;39 and therefore the good longitudinal validity of the FT.

Thus the different measurement properties had an impact on agreement as hypothe-

sized earlier by Sneeuw et al.10

The goals of respiratory rehabilitation are to reduce symptoms and to enhance qual-

ity of life. Established outcome measures are patient-important and, therefore, the pa-

tient’s perspective must be reflected in the physicians’ evaluation40. However, our data

suggest that this is not the case. A recent study has shown that the use of HRQL instru-

ments in daily practice heightened the physicians’ awareness of their patients’ HRQL.41

HRQL issues were explicitly discussed more frequently and both patients and physi-

cians believed that the use of HRQL instruments facilitates communications in daily

practice. Routine discussion of HRQL in clinical practice may calibrate physicians’ per-

spective of HRQL gains in response to therapy and may lead to realistic evaluations and

more adequate recommendations to patients. Thus future research should focus on in-

terventions that increase the physicians’ awareness and understanding of the perspective

of COPD patients.

In conclusion, we found large disagreements between patients and their physicians

when estimating HRQL gains in response to therapy. A likely explanation is that pa-

tients indeed reflect HRQL in their FT ratings whereas physicians include different in-

formation when they are asked to evaluate their patients’ HRQL gains. Investigators

should explore if the use of disease-specific HRQL instruments and subsequent discus-
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sion of the results between patients and physicians can raise the physicians awareness of

HRQL, reduce disagreement between patients and physicians and whether greater

agreement leads to different behaviour for recommendations of respiratory rehabilita-

tion for future patients.
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Abstract

Background

Participants rate clinical marker states (CMS) to make respondents familiar with the task

of preference instruments, ground their ratings in relation to other health states, and

help investigators interpret patients’ ratings. The aim of this study was to assess the reli-

ability of CMS using appropriate reliability statistics.

Methods

81 patients rated CMSs for mild, moderate and severe chronic respiratory disease using

the feeling thermometer (FT) and standard gamble (SG) before and after a 3-month res-

piratory rehabilitation program. To assess reliability we used a) intraclass correlation co-

efficients (ICC) with the variance between CMSs as signal and the variance between

raters, the variance within raters and the signal as noise, b) scatter plots and c) Bland-

Altman plots.

Results

ICCs were 0.47 for the FT and 0.37 for the SG. Scatter and Bland-Altman plots demon-

strated large between- and within-person variability. 64.2% of patients rated the CMSs

in the correct order on both occasions on the FT. On the SG, only 11.3% of patients rat-

ed CMS in the correct order on both occasions.

Conclusion

Our results suggest moderate reliability of CMSs ratings for the FT. Reliability was poor

for the SG, which may be attributed to the patients’ difficulties of understanding the task

of the SG.
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Introduction

The standard gamble (SG) and the feeling thermometer (FT, also referred to as a rating

scale or visual analogue scale) are preference-based instruments used to obtain respon-

dents’ preferences for health states. These utility instruments provide insight into re-

spondents valuation of their quality of life, and facilitate the economic evaluation of

health care interventions1;2. Most researchers prefer the SG over other preference instru-

ments because the SG meets theoretical assumptions and satisfies the axioms of expect-

ed utility theory, including the choice under uncertainty3. However, other preference-

based instruments, including the FT, also provide summary scores that investigators use

under the expected utility theory and have shown good properties for the measurement

of health-related quality of life (HRQL)2;4-11. The FT offers patients a rating on a scale

presented in the form of a thermometer from 0 to 100. The ends of the scale represent

the worst (equal to 0) and best health states (equal to 100). 

Although preference-based instruments are widely accepted, patients may find their

use challenging. Therefore, most investigators recommend that patients always rate hy-

pothetical health states (clinical marker states) of different severity before rating their

own health1;12;13. The purpose of rating clinical marker states is to orient respondents to

the task, ground their ratings in relation to other health states, and help investigators in-

terpret respondents’ ratings. However, there is little evidence supporting improved

measurement properties through use of clinical marker states. Results from two random-

ized trials suggest that marker states may lead to small improvements in the validity and

responsiveness of the FT, but do not improve the responsiveness of the SG and may re-

duce its validity10;14.

The usefulness of clinical marker states might be markedly impaired if their rating is

not reproducible over time (i. e. substantial differences in patients’ ratings for each clini-

cal marker state between first and subsequent administrations). A study by Dion et al.

showed moderate stability of ratings of clinical marker states over a period of one week

using intraclass correlation coefficients (ICC) separately for marker states of mild, mod-

erate and severe tuberculosis15. Conventionally, the signal (numerator) of the ICC comes

from the between person variability and the noise (denominator) from the between and

within person variability. Thus, the conventional ICC evaluates the ability of the meas-

ure to reliable discriminate between patients or respondents in their status on the under-
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lying trait or construct. This analysis is inappropriate for the evaluation of clinical mark-

er states because the goal of the exercise is not to discriminate between individuals in

their rating of the same marker state. Indeed, to the extent that between-person variabil-

ity in ratings is large (increasing the numerator, and making the ICC larger), the instru-

ment becomes less useful. If individuals assign more or less the same utility to particular

marker states (for instance, most people rate mild respiratory disease around 0.8, and se-

vere disease around 0.3), those states become useful for helping to interpret the meaning

of a particular utility score. On the other hand, when individuals assign widely varying

utilities to particular states (some rate mild disease 0.9 and others 0.3, and similarly for se-

vere disease), they become far less useful in helping to understand the meaning of partic-

ular utility scores. Indeed, such variability calls the usefulness of the ratings into question.

On the other hand, clinical marker states are helpful to the extent that patients provide

different ratings to health states that vary widely in their impact on patients’ lives. 

In other words, marker states are working well when respondents rate severe and

mild disease very differently, and working less well when they assign similar utilities to

these very different states. Therefore, when evaluating the reliability of clinical marker

states investigators should incorporate the ratings of a variety of markers states into a

single ICC and the signal should come from the variability of between marker state dif-

ferences. Both the between and within person variability should contribute to the noise,

and be included in the denominator. 

The extent to which the passage of time affects marker state reliability is also uncer-

tain. If patients rate marker states differently over time, this may help explain why mark-

er states fail to improve the measurement properties of the SG, and have limited impact

on improving measurement properties of the FT10. We therefore assessed the reliability

of clinical marker states ratings using two instruments, the SG and the FT, over twelve

weeks in patients with chronic respiratory disease before and after undergoing an effec-

tive intervention (respiratory rehabilitation)16.

Methods

Patients

We recruited patients with chronic respiratory disease participating in two inpatient res-

piratory rehabilitation programs at the University of Toronto and McMaster University
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in Hamilton, Ontario, Canada. The rehabilitation programs were similar to those de-

scribed in a previous publication17, and to many inpatient programs worldwide. We in-

cluded all consecutive patients with chronic airflow obstruction participating in the re-

habilitation programs over a period of approximately one year18.

Clinical marker states

We developed clinical marker states to represent mild, moderate and severe chronic res-

piratory disease using items from the chronic respiratory questionnaire, an instrument

based on the most important problem areas identified by patients with chronic respira-

tory disease19 and from the health utilities index 2/320. In addition, six respirologists pro-

vided feedback for revisions about the 3 marker states. The final versions, as presented to

study participants, were as follows10:

Mild chronic respiratory disease

You are in good health aside from your chronic lung disease. You can see well without

glasses, your hearing and speech are normal and you are free of pain. You notice that

your chronic lung problems impact on your leisure activities, which involve strenuous

activity. You sometimes become more short of breath than you used to when jogging,

playing sports, or hurrying up a couple flights of stairs. Sometimes you feel like you are

more tired than used to be the case. Occasionally you feel frustrated and impatient about

your exercise limitation. Overall, you are generally happy and free from worry.

Moderate chronic respiratory disease

You are in good health aside from your chronic lung disease. You can see well without

glasses, your hearing and speech are normal and you are free of pain. You are, however,

limited by your chronic lung problems. You often become moderately to severely short

of breath in doing strenuous activities in your life, such as exercising, climbing a flight of

stairs, or climbing a hill. You have to try to remember to pace yourself during these ac-

tivities and consciously slow down, and if you forget you get very short of breath. You

are more tired than you used to be, and feel low in energy some of the time. In general,

you feel in control of your breathing problems, but not always. You feel frustrated and

impatient about your breathing problems a little of the time. Overall, you are generally

happy and free from worry.
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Severe chronic respiratory disease

You are in good health aside from your chronic lung disease. You can see well without

glasses, your hearing and speech are normal and you are free of pain. You are, however,

limited by your chronic lung problems. You often become moderately to severely short

of breath in doing ordinary activities of daily living such as bending, dressing or talking.

You get very short of breath when you are angry or upset and have to work very hard to

control your emotions. You have to try to remember to pace yourself and consciously

slow down with everything you do and if you forget you get very short of breath. You

usually feel very tired, and feel low in energy all of the time. You often feel out of control

of your breathing problems. You feel frustrated and impatient about your breathing

problems all of the time. Your lung problems and the way they affect your life have a

large influence on how you feel emotionally, and you are almost always fretful, angry

and irritable.

Preference-based measures

Feeling thermometer

We defined the best health state (equal to a score of 100) as: Able to see well enough to

read ordinary newsprint and recognize a friend on the other side of the street without

glasses or contact lenses. Able to hear what is said in a group conversation with at least

three other people without a hearing aid. Able to be understood completely when

speaking with strangers or friends. Able to walk around the neighbourhood without dif-

ficulty, and without walking equipment. Full use of two hands and ten fingers. Happy

and interested in life. Able to remember most things, think clearly and solve day-to-day

problems. Free of pain and discomfort. You have no breathing problems. The worst

health state, dead, is equivalent to a score of 0. We did not ask patients to rate the states

dead or full health. 

Standard gamble 

The interviewer used a chance board with the ping-pong approach varying the probabil-

ity p in steps of 0.05 to find the value, p*, at which the respondent considered choice A

= choice B. The indifference probability, p*, is the utility for the health state in choice A

in the interval from dead (= 0) to full health (= 1). 
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Study design 

We collected the data for this study in a trial in which we compared the evaluative meas-

urement properties of the FT and SG with or without prior rating of three clinical mark-

er states10. We randomized 84 patients at the beginning of a respiratory rehabilitation

program to receive the clinical marker states either before (n = 43) or after (n = 41) rat-

ing their own health on the SG and FT. Patients completed the FT before completing

the SG. We administered both instruments in the same order both at baseline (the day

of admission to the rehabilitation program) and at follow-up (a clinic visit twelve weeks

after initiation of the program). The same interviewer using the same techniques as-

sessed preferences of all patients at baseline and at follow-up. At baseline and follow-up,

we asked patients to rate their own health as it had been in the two weeks prior to the

interview. Because we did not find differences in the rating of clinical marker states or

patients’ own health depending on whether they rated their own health before or after

rating clinical marker states, we included all patients in the same analysis. 

As described in a previous report from this study, we excluded 46 patients who did

not complete the rehabilitation program or who were unwilling to complete the

study10;18. In brief, of 130 initially included patients, participants were excluded from the

original study for the following reasons: refusal to continue or complete the interviewing

process (n = 24), patients’ statement “too sick” to complete the second interview (n = 7),

failure to complete the rehabilitation program (n = 6), patient out of the region (n = 4),

development of new symptomatic illness or cognitive impairment (n = 5). Patients who

failed to complete the study were comparable to those who completed the study (low-

est p-value on differences between these groups was 0.10)10;18. 

Of the 84 patients who completed the study and provided ratings of their own health

state, three did not provide complete ratings of the clinical marker states and were omit-

ted from this analysis. 

Statistical analysis

Utility scores of the SG range from 0 to 1.0 and those of the FT from 0 to 100. To facil-

itate comparisons between these two instruments, we transformed the FT scores by di-

viding them by 100. We used non-parametric tests because the SG data were not nor-

mally distributed. For the rating of the three clinical marker states and the patients’ own

health on the SG and FT, we calculated medians and interquartile ranges for baseline
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and follow up scores. We used Wilcoxon’s signed

rank tests to assess if baseline and follow-up scores

for the clinical marker states on the SG or FT dif-

fered significantly.

Reliability

We used bivariate scatter plots to assess the relation

between baseline and follow-up ratings. To help

readers interpreting the scatter plots, we simulated a scatter plot with well working clin-

ical marker state ratings, i. e. with good discrimination between disease severity and lit-

tle noise coming from between and within person differences. To formally assess the re-

liability of clinical marker states, we examined the relation between the variance from

differences between the clinical marker states and variance attributable to within and be-

tween person differences. We calculated an ICC. The numerator for this ICC (the signal)

was the between-marker-states differences at baseline and follow-up. The denominator

for this ICC (the noise) included the signal term along with the within-person differ-

ences (difference between baseline and follow-up for each clinical marker state), and the

between-person differences (differences between persons for each clinical marker state).

We used the following formula:

(Between-marker-states differences)

(Between-marker-states-differences)

+ (Within-person differences) + (Between-person variance)

or

var2 (mild1–mod1) + var2 (mild1–sev1) + var2 (mod1–sev1) 

+ var2 (mild2–mod2) + var2 (mild2–sev2) + var2 (mod2–sev2)

Numerator +var2 (mild1–mild2) + var2 (mod1–mod2) + var2 (sev1–sev2)

+ var2 (mild1) + var2 (mod1) + var2 (sev1) + var2 (mild2) + var2 (mod2) + var2 (sev2)

where var2 = variance; mild = clinical marker state for mild chronic respiratory disease;

mod = clinical marker state for moderate chronic respiratory disease; severe = clinical

marker state for severe chronic respiratory disease; 1 = baseline assessment; 2 = follow-

up assessment.
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Table 1 Characteristics of participants

Patient Characteristic (n = 81)
Women, no. (%) 38 (46.9)
Age, mean (SD) 67.0 (7.6)
FEV1 in liters, mean (SD) 2.59 (0.59)
FEV1 in % predicted, mean (SD) 38.0 (15.0)
Time since diagnosis in years, mean (SD) 9.5 (8.5)
Smoking history, no. (%)

Never 5 (6.2 %)
Current smoker 1 (1.2 %)
Quit 75 (92.6 %)

Living alone, no. (%) 15 (18.5 %)
Employed, no. (%) 9 (11.1 %)
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We also constructed Bland-Altman plots for the three clinical marker states ratings on

both the SG and FT to explore the magnitude of within-person differences and their re-

lation to between-person differences. In addition, we determined the proportion of pa-

tients whose follow-up scores differed by more than 0.2 (corresponding to approximate-

ly one standard deviation of baseline scores of the FT and SG) and 0.4 (corresponding to

approximately two standard deviations of baseline scores) from baseline scores. 

To provide an additional index of the extent to which patients understood their task

and provided meaningful ratings, we determined the proportion of patients who rated

the clinical marker states in the intended order for the SG and FT (i. e. marker state for

mild respiratory disease closest to 1.0 followed by the marker state for moderate respira-

tory disease and severe respiratory disease) at baseline and at follow-up. 

For the statistical analyses we utilitzed SPSS for Windows version 10.0 (SPSS Inc,

Chicago, Ill.).

Results

Table 1 shows the patients’ characteristics. On average, patients were elderly former

smokers with severe airflow obstruction. Table 2 shows that the ratings for baseline and

follow-up scores were higher for the SG than the FT. Patients’ own health ratings im-

proved significantly on the FT and the SG. Also, the scores assigned to the clinical

marker states increased from baseline to follow-up on the FT and the SG. The differ-

ences were greater for the SG than for the FT and reached statistical significance for the

mild and moderate clinical marker states when rated with the SG (p = .016 and .021, re-

spectively). 
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Table 2 Baseline and follow-up scores of the standard gamble and feeling thermometer (n = 81)

Score by marker state
Preference Instrument Patients’own Mild chronic Moderate chronic Severe chronic 

health score respiratory disease respiratory disease respiratory disease

Feeling thermometer
Baseline median (IQR) 0.60 (0.40–0.70) 0.77 (0.70–0.86) 0.67 (0.50–0.80) 0.35 (0.20–0.52)
Follow-up median (IQR) 0.70 (0.58–0.82) 0.80 (0.70–0.90) 0.70 (0.54–0.76) 0.36 (0.19–0.50)
Difference# p < 0.001* p = 0.074* p = 0.849* p = 0.621*

Standard gamble
Baseline median (IQR) 0.75 (0.55–0.90) 0.85 (0.70–0.95) 0.80 (0.65–0.90) 0.65 (0.20–0.80)
Follow-up median (IQR) 0.85 (0.70–0.95) 0.90 (0.80–0.95) 0.90 (0.70–0.95) 0.65 (0.30–0.85)
Difference# p = 0.002* p = 0.016* p = 0.021* p = 0.069*

IQR: interquartile range; #: Difference between baseline and follow-up median; *: Wilcoxon signed rank test
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Figure 1 illustrates in the left panel with simulated data how the pattern of the scatter

plot would appear if clinical markers states ratings worked as intended: there is good dis-

crimination between the three marker states and little within and between person differ-

ences. The two other scatter plots in Figure 1 show the data of our study indicating weak

to moderate correlations between baseline and follow-up scores for both the FT (middle

panel) and SG (right panel). The ICC for the FT was 0.47 and for the SG 0.37. 

Figures 2 and 3 show the Bland-Altman plots for differences between baseline and

follow-up FT scores. When comparing the patterns of figures 2 and 3, there is more be-

tween and within person variability for marker state ratings on the SG. The plots also

show that some patients had large baseline to follow-up differences. 

Table 3 shows the proportion of patients who had differences between baseline and

follow-up scores of more than 0.2 and 0.4. A substantial proportion of patients had dif-

ferences of 0.2 or more for all clinical marker states regardless of the instrument. Of the

81 patients, 61 (75 %) rated the clinical marker states in the correct order on the FT at

baseline and 65 (80 %) at follow-up. A total of 52 (64 %) identified the correct order on

both occasions. In contrast, only 14 of 81 patients (19 %) at baseline and 18 of 81 (22 %)

at follow-up rated the clinical marker states on the SG according to the intended order.

Just nine patients (11 %) had the correct order on the SG on both occasions (table 3). 
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Figure 1: Bivariate scatter plots with baseline scores plotted against follow-up scores for all three clinical marker states. The graph on the left
with simulated data illustrates the situation where patients rate reliably the three clinical marker states on two occasions. The other two plots
show the patients’marker states ratings on the feeling thermometer and standard gamble in our study (n = 81). The widely dispersed patterns
come from large between and within person variability.
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Discussion 

This study addressed the reliability of clinical marker state ratings over a period of

twelve weeks using two preference-based instruments, the FT and the SG. The findings

indicate low reliability for clinical marker states rated on the SG and moderate reliabili-

ty using the FT. In contrast to prior studies, we used appropriate statistical methods to

assess reliability. We constructed ICCs in which the signal (the numerator) came from

the variance associated with differences between mild, moderate, and severe marker rat-

ings. Marker states are working less well when patients provide very different ratings to

the same state at different times. They are also less useful if different patients provide

widely varying ratings to the same health state. Therefore, we included both within- and

between-patient variability in the denominator of our intraclass correlation—that is, they

counted as part of the noise. 

The calculated ICCs of 0.47 for the FT and 0.37 for the SG reflect the dispersed pat-

terns seen in the scatter and Bland Altman plots. We included baseline and follow-up

scores for all three marker states in these scatter plots. This analysis allowed assessment

of the relation between mild, moderate and severe marker state ratings as well as the

within person differences. The Bland-Altman plots provided additional information

about the pattern of within and between person differences over the whole range of the

instruments (from 0 to 1.0). From these plots it becomes clear why the ICC for the SG

is lower than that of the FT (figure 2). The dispersion of data symbols in the horizontal

(between-person variability) and the vertical (within-person variability) axis is larger for

the SG.

The strikingly low reliability of the SG could be explained if respondents had impor-

tant difficulties in understanding when they rated clinical marker states using the SG and

if these difficulties were greater than for the FT. In fact, we observed that respondents

made a greater number of “errors” in terms of not ranking the three marker states in the

correct order with the SG compared with the FT. While these errors indicate the pres-

ence of procedural invariance, it was largely caused by incorrect ordering of the SG21.

Comparisons of our results with other studies are difficult because authors frequently do

not report the terms in the numerator and denominator of the ICC, when they do report

the terms use the wrong variance term in the numerator, and seldom present scatter or

Bland-Altman plots. Dion et al. described ICCs ranging from 0.57 to 0.87 on the SG and
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FT for patients who rated clinical marker states over a period of three weeks at weekly

intervals15. One explanation for the relatively high ICCs in that study may be the rela-

tively short duration (one week) between ratings. Another explanation may be the

choice of source of variance for the numerator of the ICC. Indeed, because the authors

calculated the ICC separately for each marker states the authors almost certainly used

the between-person variability as the numerator of their ICC. If the between-person

variability was large even substantial within person differences would not affect the ICC

much. As a result such approach has important limitations. 

There are other studies that assessed stability of preference scores for outcomes of

treatment scenarios but not for health states. Jansen et al. evaluated the preferences of

43 patients for chemotherapy before and after these patients actually underwent chemo-

therapy22. The investigators used significance testing to determine whether the mean

utility scores differed before and after chemotherapy but they did not formally assess re-

liability. Because they found non-significant differences between the ratings before and

after chemotherapy, they concluded that utility ratings for hypothetical scenarios were

stable. Lehman et al. asked 38 patients with mean age of 45 years with planned laparo-

scopic cholecystectomy to rate their preferences for two clinical marker states on the SG

and a rating scale before and after surgery23. These authors found a Pearson correlation

coefficient between baseline and follow-up scores of 0.69 on the SG for the clinical

marker state describing mild symptoms and a correlation of 0.13 for moderate symp-

toms. The authors also assessed if the patients understood the task of the SG. All pa-

tients had lower utilities for the clinical marker state for moderate symptoms than for

mild symptoms indicating that patients had task understanding when completing the

SG.

In two earlier studies we found that clinical marker states did not improve responsive-

ness, cross-sectional and longitudinal validity of the SG when administered with clinical

marker states compared to the administration without clinical marker states10;24. The

analysis of the current study revealed a possible source for this lack of improvement of

measurement properties. If patients assign very different ratings to marker states on dif-

ferent occasions, it would be implausible that they would be improving understanding or

meaningfulness of the task to the respondents.

The strengths of this study include the thorough development of the clinical marker

states. The same research assistant interviewed patients at baseline and follow-up in each
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of the two centers ensuring consistent instrument administration. We randomly assigned

patients to rate the clinical marker states before or after they rated their own health and

to the order of clinical marker states rating, thus controlling for ordering effects. 

This study has some limitations. Our population included only elderly patients with

relatively severe respiratory disease. Younger patients may respond differently and show

greater reliability in their ratings. However, these instruments are frequently used in eld-
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Figure 2: The three Bland-Altman plots show the change scores on the feeling thermometer for each patient the difference be-
tween baseline and follow-up against the mean of baseline and follow-up scores (n = 81). The dotted lines represent the mean
± 1.96 standard deviations of individual change scores. For all three marker states, there is more variability at mid-range than at the
extremes. For each marker state, there is a wide of data symbols indicating large within and between person differences.
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Figure 3: The three Bland-Altman plots show the difference between baseline and follow-up ratings on the standard gamble
change for each patient against the mean of the baseline and follow-up scores (n = 81). The dotted lines represent the mean ±
1.96 standard deviations of individual change scores. As for the feeling thermometer, there is more variability at mid-range than
at the extremes and an even wider dispersion of data symbols than for the feeling thermometer indicating large within and be-
tween person differences.
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erly patients and, thus, our findings are important for clinical trials that include determi-

nation of utility scores. Although the careful development of clinical marker states rep-

resents a strength, it is also possible that different clinical marker states might differ in

their reliability. For instance, we have previously shown that patients prefer marker

states presented in tabular format to the narrative format that we used in this study14. 

In conclusion, our study showed that ratings for clinical marker states are not repro-

ducible on the SG, while reliability on the FT is moderate, but further studies are needed

to evaluate whether low reliability is also present in other clinical domains. However, in-

vestigators should consider the analytical methods as described here to assess existing or

future data sets. Another approach we will use to address reliability is the use of gener-

alizability theory25. 

In addition, investigators should explore if shorter descriptions of clinical marker states

than those in our study (for instance, using a bulleted list of attributes) improve their re-

liability (as we measured it) and then assess whether use of reliable clinical marker states

improves measurement properties of the SG. Our results suggest that the poor reliabili-

ty of the SG is a result of the greater difficulties with the task involved in completing the

SG rather than a problem with the marker states itself. A finding that even more reliable

clinical marker states do not enhance measurement properties of the SG in other stud-

ies, suggests the urgent need for new strategies to improve the administration of the SG. 
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Table 3 Proportion of patients with moderate and large differences between baseline and follow-up scores of the 
standard gamble and feeling thermometer 

Proportion of patients, by marker state (%)
Preference instrument Magnitude Mild chronic Moderate chronic Severe chronic 

of difference* respiratory disease respiratory disease respiratory disease
Feeling thermometer > 0.2 18.5 24.7 30.0

> 0.4 2.4 4.9 11.3
Standard gamble > 0.2 20.0 20.0 24.7

> 0.4 6.3 7.5 12.3

* Percentage of the 81 patients showing difference between baseline and follow-up
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Abstract

Background

Guidelines recommend continuous exercise at high intensity to reduce peripheral mus-

cle dysfunction in patients with advanced chronic obstructive pulmonary disease

(COPD), but patients may tolerate equally effective alternatives better. We assessed

whether interval exercise is not less effective than high intensity continuous exercise, but

tolerated better by patients with severe COPD.

Methods

We conducted a randomized, controlled, blinded (outcome assessor and analysts) non-

inferiority trial. We randomly assigned patients with severe COPD to 12–15 supervised

interval or continuous exercise sessions during an inpatient respiratory rehabilitation

program followed by exercise at home. Primary outcomes were health-related quality of

life (HRQL) using the chronic respiratory questionnaire (CRQ, scores from 1 [most se-

vere impairment] to 7) after five weeks and adherence to exercise protocol. Secondary

outcomes included exercise tests such as six-minute walking distance (SMWD).

Results

Both groups experienced large improvements in HRQL (increase of CRQ scores of 1.00

[0.98 SD] for interval and 1.02 [1.05 SD] for continuous exercise group). Adjusted be-

tween-group differences (–0.05 [95 % CI –0.42 to 0.32] for CRQ total scores and 3.4 me-

ters [95 % CI –21.7 to 28.6] for six-minute walking distance) were within the a priori de-

fined boundaries of non-inferiority (0.5 for CRQ and 45 meters for six-minute walking

distance). 47.9 % of patients with interval exercise were able to adhere to the protocol

versus 24.0 % with continuous exercise (difference 23.9 %, 95 % CI 5.0–42.8 %, P = 0.014).

The median number of unintended breaks ≥ 1 minute during supervised rehabilitation

was 2 (interquartile range 0–16) for the interval exercise and 11 (2–26) for the continu-

ous exercise group (P = 0.023).

Conclusions

Interval is not less effective than continuous exercise, but tolerated better. Clinicians and

patients can choose either of the two exercise modalities to initiate physical exercise.
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Background

Low exercise capacity is an important systemic manifestation of advanced chronic ob-

structive pulmonary disease (COPD) associated with poor health-related quality of life

(HRQL), exacerbations and death.1-4 Physical exercise, therefore, represents an impor-

tant element of COPD management.5;6 If performed under supervision during respirato-

ry rehabilitation programs, exercise training improves HRQL and may improve prog-

nosis.7-9

Dyspnea and leg fatigue limit the ability of COPD patients to exercise and response to

exercise is highly variable.10 It is challenging to find endurable exercise modalities that

are still effective. Current guidelines recommend endurance exercise at constant and high

intensity (≥ 70 % of maximum exercise capacity).11;12 For example, if a patient achieves

100 Watt in an incremental exercise test, workload would be set at 70 Watt for the entire

exercise session of at least 20 minutes duration. There is strong evidence from random-

ised trials that patients achieve clinically important improvements of HRQL and exer-

cise capacity with a continuous exercise protocol.13-16

However, patients with severe COPD are often not able to tolerate continuous exer-

cise17, which can be frustrating and limit their adherence to exercise programs in the long

term. Effective alternatives are required to offer this important intervention to more

COPD patients. Interval exercise may represent an attractive alternative to continuous

exercise.18 During interval exercise patients perform alternatively at high and at low in-

tensity, which allows short periods of recovery and thereby better adherence to the ex-

ercise protocol. 

Although studies indicated that interval exercise is well tolerated18-21, evidence about

its effectiveness relative to continuous exercise is inconclusive because previous trials

had methodological limitations and were small.22 Randomised trials should be explicitly

designed to establish clinical non-inferiority in order to convincingly show that interval

exercise is not less effective.22 We conducted a randomised non-inferiority trial to assess

if interval exercise is not less effective than high intensity continuous exercise in patients

with severe COPD while tolerance of the interval exercise protocol is superior. 
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Methods

Study design and setting 

This randomized, controlled non-inferiority trial compared the effects of interval exer-

cise with high intensity continuous exercise in patients with severe COPD. We conduct-

ed the trial in a public rehabilitation clinic in Switzerland (Klinik Barmelweid, Aargau).

The ethics committee of the Kantonsspital Aarau (Aargau, Switzerland) approved the

study protocol and all study participants provided written informed consent. We previ-

ously described the detailed study protocol.23

Patients

We screened all patients admitted to the respiratory medicine unit between May 2004

and November 2005 and included consecutive patients with the following characteris-

tics: COPD as defined by FEV1/FVC < 70% predicted, FEV1 < 50 % predicted after

bronchodilation corresponding to Global Initiative for Chronic Obstructive Lung Dis-

ease (GOLD) stage III–IV5 and German as first or daily language. Exclusion criteria in-

cluded cardiovascular, musculoskeletal or neurological disorders that inhibit physical ex-

ercise or the performance of exercise tests6, as described previously.23 We also excluded

patients who had a diagnosis of cancer (excluding skin cancers) within the last two years

and were undergoing current treatment. 

Randomization protocol 

A third party not involved in the conduction of the trial (DatInf GmbH, Tübingen, Ger-

many) provided online central randomisation using a computerised minimisation proce-

dure and thereby ensuring concealment of random allocation.24 Stratification variables

were exercise capacity (Six-minute walk distance [SMWD] of < 300 or ≥ 300 meters),

the presence of affective disorders (hospital anxiety depression scale [HADS] scores < or

≥ 8), stability of pulmonary condition (stable or exacerbation within the last eight weeks)

and the need for oxygen at rest (PaO2 < or ≥ 55 mmHg). 

Interventions
All patients followed an inpatient respiratory rehabilitation with 12–15 exercise sessions

followed by individually prescribed home-based exercise. On week days, patients usual-
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ly followed one exercise session per day. All (12) physical therapists worked with an ap-

proximately equal number of patients from both treatment groups. Apart from the exer-

cise program, the rehabilitation program was identical for both groups and included

breathing therapy, relaxation therapy, guided walking tours and patient education.23 At

discharge, physiotherapists prescribed home-based exercise for each patient individually.

Patients with cycle ergometers at home were instructed to exercise for at least 20 min-

utes per day. If no cycle ergometers were available, daily walking, swimming or climbing

stairs was prescribed.

High intensity continuous exercise

Patients randomized to this intervention exercised on electromagnetically braked cycle

ergometers (Ergometrics 900S, Ergoline, Bitz, Germany) with a target workload of

≥ 70 % of maximum exercise capacity (in Watts). In each session patients completed the

following phases (figure 1): a warm-up period of two minutes at 20 % of maximum exer-

cise capacity; increased exercise intensity to the target intensity over two minutes; high

intensity exercise for 20 minutes; and a run-out phase of two minutes (gradual decrease

from 70 % to 0 %). 

If patients could not sustain the workload because of perceived dyspnea (modified

Borg25 ratings > 5 on a scale from 0 to 10) or because heart rate exceeded safety limits,

physical therapists let patients rest for one minute before continuing in the assigned

phase. If patients had to rest more than twice per session, physical therapists lowered the

workload by steps of 10 % of baseline maximum exercise capacity for the following ex-

ercise sessions. If workload was too low (modified Borg ratings < 3 or when patients or

physical therapists considered the workload to be too low), physical therapists increased

the workload by steps of 10 % of baseline maximum exercise capacity.

Interval exercise

The target workload for this group was 50 % (high intensity intervals) and 10 % (low in-

tensity intervals) of short time maximum exercise capacity as determined by a steep

ramp test.26;27 The steep ramp test is an incremental cycle ergometer test where patients

pedal unloaded for two minutes and then pedal with increments of 25 Watts every ten

seconds until they cannot maintain a pedaling frequency above 50 per minute or above

the heart rate limit set by the normal incremental exercise test. With the steep ramp test
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measurement of muscular maximum exercise capacity is possible because the tests lasts

only for 30 to 120 seconds and patients are not limited by symptoms. Measuring muscu-

lar maximum exercise capacity is important to set the exercise load for interval exercise

because the high intensity interval requires also muscle strength beside overall exercise

endurance and because. Workload for interval exercise can be underestimated if it is

based on normal increment exercise tests.27 50 % of short time maximum exercise capac-
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Figure 1: The two graphs show the protocols for high intensity continuous (upper graph) and interval exercise (lower graph). 
Consider a patient with a maximum exercise capacity of 80 Watt as determined by an incremental exercise test. For high intensity
continuous exercise, the workload is set at 70% of maximum exercise capacity, this is at 56 Watt. After a warm-up of two minutes,
the patient exercises at 56 Watt for 20 minutes and completes the session with two minutes of cooling down. 
The interval exercise protocol looks as follows: The same patient achieves 170 Watt in the steep ramp test that measures short-
time exercise capacity: High intensity intervals of 20 seconds are set 50 % of short-time exercise capacity, this is at 85 Watt, and low
intensity intervals of 40 seconds at 10 %, this is at 17 Watt of short-time exercise capacity. The patient exercises for 20 minutes 
alternatively at high and low workload as shown in the lower graph.
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ity corresponds, on average, to 90–100 % of normal maximum exercise capacity.26 We

chose a work-recovery ratio of 1 : 2 that prevents from high lactate accumulation and is

well tolerated by patients.27 In each session, patients had a warm-up period of two min-

utes at 10 % of the short time maximum exercise capacity, exercised then for 20 minutes

alternatively at high intensity for 20 seconds and at low intensity intervals for 40 seconds

(figure 1). Patients also had a slow-down period of two minutes before completion of the

training session. We also adjusted the exercise load for each patient individually if work-

load was too high or too low as described above, but physiotherapists lowered or in-

creased the workload by steps of 10 % of short time maximum exercise capacity while

the length of intervals remained constant.23

Outcome measures 

Our primary outcome for effectiveness was the difference from baseline in chronic res-

piratory questionnaire (CRQ) scores five weeks after randomization as measured by the

self-administered German version28;29 with standardized dyspnea questions.30 The CRQ

is a widely used instruments in respiratory rehabilitation and measures dyspnea, fatigue,

emotional functioning and coping with COPD.7;31 Domain and total (average of domain

scores) scores are presented on a Likert-type scale from 1 (most severe impairment) to

7 (no impairment). We selected the assessment at five weeks after randomization, this is

two weeks after the end of inpatient rehabilitation, as the primary outcome for the CRQ

because the recall period is two weeks and questions concern impairment associated

with activities of daily living in the home environment. 

Patients also completed the self-administered German version of the HADS with de-

pression and anxiety domain scores from 0 (no depression or anxiety) to 2132. In addi-

tion, they rated their health state on the feeling thermometer (FT)33, a validated prefer-

ence-based instrument with marked intervals from 0 (worst health state = dead) to 100

(perfect health). The FT is increasingly used as a global estimate of the effect of interven-

tions, including respiratory rehabilitation.34;35

We used three exercise tests to measure changes of exercise capacity. SMWD was

measured twice at the beginning and once at the end of the inpatient rehabilitation ac-

cording to established criteria36 using the best of the first two SMWD as the baseline val-

ue. All patients completed the steep ramp test and an incremental cycle ergometer test

exercise to measure anaerobic and aerobic exercise capacity, respectively.23 Health care
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staff not involved in the exercise program and blinded to group assignment supervised

these exercise tests.

Our primary outcome for tolerance of exercise protocols was the number of unin-

tended breaks of ≥ 1 minute during the inpatient rehabilitation. We also determined the

proportion of patients who were able to exercise according to the protocols (at ≥ 70 % of

maximum exercise capacity for continuous exercise at 50 % of short-time maximum ex-

ercise capacity for interval exercise). Physiotherapists recorded the number of unintend-

ed breaks of ≥ 1 minute and the workload for every session. Cycle ergometers were con-

nected to a computer to monitor exercise sessions (Ergosoft plus, Ergoline-Schiller Reo-

med AG, Dietikon, Switzerland) and we obtained detailed electronic recordings from

each exercise session including the duration of exercise (in minutes), workload (in Watt)

and heart rate. We did not compare symptom ratings or heart rate between groups as a

measure of exercise tolerance because these parameters were used to guide adjustment

of exercise intensity and thus are ineligible as outcome measures.

Follow-up procedures

Patients had a follow-up assessment at the end of the inpatient rehabilitation (after three

weeks), after five and after twelve weeks. The analysis of the CRQ (main outcome),

HADS and feeling thermometer was based on the five-week assessment when patients

were in their home environment for two weeks while analysis of exercise capacity and

tolerance was based on the baseline and three-week follow-up data. A future report fo-

cusing on long terms outcomes will include results of the twelve-week assessment and

one-year follow-up data.

Statistical analysis 

Data entry and analysis was performed while remaining blinded to group assignment

(groups coded as 0 and 1).37 We used the confidence interval approach as recommended

for equivalence and non-inferiority trials38 to compare change scores (difference between

baseline and follow-up) between groups. We calculated unadjusted and adjusted (for

prognostically important variables) between-group differences with their 95 % confi-

dence intervals using linear regression analysis with change of outcomes measures as

dependent and group as well as stratification variables as independent variables. We es-

tablished non-inferiority of interval exercise if the between-group differences and the
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lower limits of 95 % confidence intervals were above the a priori determined boundaries

of clinical non-inferiority, which we set around the minimal important differences (–0.5

for CRQ31, –45 meters for SMWD39 and –8 for FT40). 

We used both intention-to-treat and per-protocol analysis. In equivalence trials, per-

protocol analysis may be more conservative because it unmasks differences between

groups while intention-to-treat analysis may tend to favour equivalence by blurring differ-

ences.38;41-43

Finally, we analysed exercise tolerance by comparing the number of breaks between

groups using the Mann-Whitney U-test and the proportion of patients achieving target

exercise using the chi square test.

We handled missing data as follows: If CRQ data were not available at the five-week

follow-up, we carried forward the CRQ data from the three-week follow-up assessment

at the end of the inpatient rehabilitation (six patients with interval exercise and four pa-

tients with continuous exercise of whom two did not complete the inpatient rehabilita-

tion program). We did not impute any data if neither the three-week nor five-week as-

sessments were available. The per-protocol and intention-to-treat analyses were based on

patients with follow-up data. For the per-protocol analyses, CRQ follow-up data were not

available for one patient (interval exercise group), six-minute walk distance for one pa-

tient (interval exercise group), maximum exercise capacity for two patients (one in each

group) and short-time maximum exercise capacity for nine patients (four in interval and

five in continuous exercise group). For intention-to-treat analyses, CRQ follow-up data

were not available for four patients (two in each group), six-minute walk distance for five

patients (three in interval and two in continuous exercise group), maximum exercise ca-

pacity for seven patients (three in interval and four in continuous exercise group) and

short-time maximum exercise capacity for 13 patients (four in interval and nine in con-

tinuous exercise group). For data on exercise tolerance (breaks and adherence to proto-

col), physiotherapists completed all exercise protocols and we had computerised record-

ings for 44 patients with interval and 50 patients with continuous exercise. 

We determined that a sample size of 44 patients in each group allowed showing a dif-

ference of 0.5 in CRQ scores and a difference of 45 meters in SMWT between the

groups as described in detail previously.23 We performed all analyses using SPSS 12.0.1

for Windows (SPSS Inc., Chicago, Ill.).
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Role of the funding sources

The funding sources provided unrestricted grants and did not influence the planning,

conduct and analyses of the trial or the preparation of the manuscript.

Results

Between May 2004 and November 2005, 100 of 103 eligible patients agreed to partici-

pate (figure 2). One patient in each group withdrew informed consent for unspecified

reasons. 43 (89.6 %) and 44 (88.0 %) patients completed the inpatient rehabilitation in

the interval and continuous exercise group, respectively. The main reasons for the eleven

patients not completing the rehabilitation were COPD exacerbations, musculoskeletal

pain (two in interval and one in continuous exercise group), chest pain, an accident and

a newly diagnosed lung cancer (all in continuous exercise group).

Table 1 shows the characteristics of study participants at baseline. There were more

female patients in the interval group as well as more patients with endocrine co-morbidi-
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Figure 2: Study flow.

COPD patients screened for eligibility, n = 610

Randomised, n = 100

Interval exercise, n = 49 High intensity continuous
exercise, n = 51

Lost to follow-up n = 1
(withdrew informed consent)
Discontinued rehabilitation n = 5
(exacerbation, n = 3,
other reasons, n = 2)

Analyzed 
Intention-to-treat analysis n = 46
Per-protocol analysis n = 42
Excluded from analysis
(no follow-up data) n = 2

Lost to follow-up n = 1
(withdrew informed consent)
Discontinued rehabilitation n = 6
(exacerbation, n = 2,
other reasons, n = 4)

Analyzed 
Intention-to-treat analysis n = 48
Per-protocol analysis n = 44
Excluded from analysis
(no follow-up data) n = 2

Excluded:
GOLD stage 1 or 2 n = 147
GOLD stage 3 or 4

Exercise not feasable due to cardiovascular, 
musculoskelettal or neurological comorbidities n = 159
Lung cancer or other tumors n = 113
Other reasons n = 60
No German n = 28
No informed consent n = 3
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ties (mainly type II diabetes). In turn, more patients with continuous exercise had cardio-

vascular co-morbidities. The number and length of exercise sessions during the inpatient

rehabilitation was very similar (table 2). Workload in the interval exercise groups aver-

aged 50.5 Watt (corresponding to 98 % of maximum exercise capacity) for high intensi-

ty intervals. Patients with continuous exercise practised, on average, at 30.0 Watt (57 %

of maximum exercise capacity). Total work performed was, at borderline statistical sig-

nificance, higher for the continuous exercise group (430.0 kJ (35.3) versus 325.8 kJ (20.0)

131Interval vs. continuous exercise

Table 1 Baseline characteristics

Characteristics Interval exercise group (n = 48) Continuous exercise group (n = 50)

Age, years 69.0 (9.2) 68.9 (9.2)
Male (%) 29 (60.4) 36 (72.0)
FEV1, litres 0.87 (0.27) 0.89 (0.29)
FEV1, % predicted 34.5 (9.0) 34.1 (8.0)
FEV1/FVC 0.49 (0.19) 0.47 (0.21)
Exacerbation within last 8 weeks (%) 29 (60.4) 30 (60.0)
PaO2, mm Hg 57.1 (8.9) 59.5 (9.7)
Years since diagnosis 9.4 (8.4) 9.2 (6.6)
Pack years 51.4 (31.4) 54.1 (28.3)
Smoking (%) 3 (6.3) 6 (12.0)
Body mass index 25.4 (6.9) 24.0 (5.8)
CRQ

Dyspnea 2.83 (0.90) 3.03 (1.05)
Fatigue 3.63 (1.15) 3.92 (1.28)
Emotional function 3.95 (1.20) 4.12 (1.24)
Mastery 4.03 (1.31) 4.16 (1.34)
Total score 3.61 (0.98) 3.81 (0.98)

Feeling thermometer 53.1 (17.9) 52.9 (18.7)
Hospital anxiety and depression scale

Depression domain 7.71 (4.03) 7.45 (3.91)
Anxiety domain 7.13 (3.64) 6.81 (4.36)

Six-minute walking distance, meters 312.8 (107.9) 332.4 (116.0)
Short time maximum exercise capacity, Watt 106.3 (48.8) 119.6 (53.5)
Maximum exercise capacity, Watt 53.2 (26.5) 50.6 (19.0)
Medication (%)

Short-acting _-Agonist 37 (77.1) 37 (74.0)
Long short-acting _-Agonist 44 (91.7) 43 (86.0)
Anticholinergic bronchodilators 26 (54.2) 28 (56.0)
Inhaled steroid 38 (79.2) 39 (78.0)
Oral steroid 27 (56.3) 21 (42.0)
Theophylline 8 (16.7) 7 (14.0)
Antibiotics 12 (25.0) 4 (8.0)
Anabolic steroid 2 (4.2) 1 (2.0)

Co-morbidities (%)
Cardiovascular 25 (52.1) 32 (64.0)
Endocrine 13 (27.1) 8 (16.0)
Musculoskeletal 7 (14.6) 6 (12.0)

Values are means (SD).
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in interval exercise group). Most patients followed prescribed home exercise and the to-

tal number of training sessions averaged 22 after five weeks.

Respiratory rehabilitation was effective in both groups with CRQ change scores sim-

ilar to those reported in previous rehabilitation trials and exceeding the minimal impor-

tant difference of 0.5 (table 3). Figure 3 and table 3 show the adjusted between-group

comparisons for CRQ scores. Based on per-protocol analyses, differences between

groups were between –0.08 and –0.01 indicating non-inferiority of interval exercise. Low-

er limits of the 95 % confidence intervals were entirely above the boundary of non-infe-

riority for the fatigue, emotional function and mastery domain as well as for total scores.

Lower limits of the 95 % confidence intervals just crossed the minimal important differ-

ence of 0.5 for dyspnea scores. Intention-to-treat analyses showed very similar results

and all 95 % confidence intervals were above the boundary of non-inferiority (table 3).

Improvements in exercise capacity were also substantial for both groups with increas-

es from baseline to follow-up between 13.3 and 27.7 % (table 3). Improvement in six-

minute walk distance was clinically non-inferior for the interval exercise group com-
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Table 2 Description of physical exercise programs

Interval exercise group (n = 48) Continuous exercise group (n = 50) Difference
Inpatient rehabilitation
Number of trainings, median (IQR) 13 (12–14) 13 (12–14)
Length of training per session, minutes 22.5 (2.1) 23.1 (2.8) –0.6 (–1.6 to 3.8), P = 0.22
Workload, average all trainings, high intensity interval: Constant intensity

Watt 50.5 (27.0) 30.0 (17.7)
% of maximum exercise capacity 98 (37) 57 (17)

Workload, average all trainings, low intensity interval:
Watt 6.8 (3.4)
% of maximum exercise capacity 14 (6)

Heart rate, average all trainings 106 (13) 109 (14) –3 (–9 to 4), P = 0.37
Dyspnea (score 0–10)

After 5 minutes of exercise 3.2 (1.1) 3.4 (1.3) –0.2 (–0.7 to 0.3), P = 0.38
After 20 minutes of exercise 3.6 (1.0) 3.6 (1.3) 0.0 (–0.5 to 0.5), P = 0.98

Work, kJoule 
Per session 25.6 (14.6) 33.5 (25.7) –7.9 (–16.5 to 0.7), P = 0.07
Overall 325.8 (20.0) 430.0 (35.3) –104.2 (–221.7 to 13.4), P = 0.08

Home-based exercise
Number of patients with home exercise (%)

No home exercise 14 (29.2) 11 (22.0)
Any home exercise 36 (70.8) 39 (78.0) P = 0.42

Unstructured (e. g. walking, swimming) 12 (33.3) 19 (48.7)
Structured (e. g. cycle ergometer) 24 (66.7) 20 (51.3) P = 0.18

Sessions per week, median (IQR) 5 (1–5) 5 (2–5) P = 0.16*
Total number of trainings 5 weeks 
after randomization, median (IQR) 22 (14–23) 22 (16–23) P = 0.44*

Values are means (SD); IQR = interquartile range; * Mann-Whitney U test; # ≥ 50% of short time maximum exercise capacity and ≥ 70% of maximum exercise
capacity, respectively
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pared with the continuous exercise group (figure 4). Short time maximum exercise ca-

pacity favoured interval exercise while changes in maximum exercise capacity were sim-

ilar for the groups. Changes expressed by the feeling thermometer were also clinically

non-inferior and improvements of depression and anxiety symptoms were similar.

Interval exercise was associated with statistically significantly less unintended breaks

of ≥ 1 minute. The median number of unintended breaks during the entire inpatient re-

habilitation was 2 (interquartile range 0–16) for the interval exercise group and 11 (2–26)

for the continuous exercise group (P = 0.023). Patients with interval exercise adhered

statistically significantly better to the planned exercise protocol than patients with con-

tinuous exercise (47.9 versus 24.0 %, difference 23.9, 95 % CI 5.0–42.8 %), P = 0.014). 

Discussion

This randomised non-inferiority trial showed that interval exercise is not less effective

than high intensity continuous exercise for improving HRQL and exercise capacity of

patients with severe COPD. Interval exercise, however, was better tolerated, as expressed

by fewer breaks and better adherence to exercise protocols. This randomised trial has

several strengths. First, it was explicitly designed as a non-inferiority trial following rig-
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Table 3 Comparison of treatment effects

Type of analysis Per-protocol Intention-to-treat
Changes from baseline Unadjusted difference Adjusted difference* Adjusted difference*

Primary outcome Interval exercise Continuous exercise
Chronic respiratory questionnaire 

Dyspnea 1.25 (1.19) 1.27 (1.14) –0.02 (–0.48 to 0.52) –0.07 (–0.53 to 0.38) –0.03 (–0.46 to 0.40)
Fatigue 0.94 (1.17) 0.86 (1.36) 0.08 (–0.47 to 0.62) –0.02 (–0.41 to 0.37) –0.08 (–0.45 to 0.29)
Emotional function 0.89 (1.02) 0.96 (1.23) –0.07 (–0.55 to 0.42) –0.08 (–0.48 to 0.32) –0.10 (–0.48 to 027)
Mastery 0.94 (1.19) 1.00 (1.36) –0.06 (–0.61 to 0.49) –0.01 (–0.46 to 0.45) –0.06 (–0.48 to 0.37)
Total score 1.00 (0.98) 1.02 (1.05) –0.02 (–0.46 to 0.42) –0.05 (–0.42 to 0.32) –0.08 (–0.42 to 0.27)

Secondary outcomes
Exercise tests

Six-minute walking in meters 42.3 (64.2) 37.8 (58.2) 4.5 (–21.7 to 30.7) 1.1 (–25.4 to 27.6) 3.4 (–21.7 to 28.6)
distance in percent 18.3 % (40.0) 13.3 % (23.5) 5.0 (–9.0 to 19.0) 1.5 (–11.6 to 14.5) 2.2 (–10.0 to 14.3)
Short time maximum in Watt 23.8 (32.4) 18.4 (32.3) 5.4 (–9.3 to 20.1) 8.3 (–6.8 to 23.4) 5.6 (–8.4 to 19.5)
exercise capacity in percent 27.7 % (41.7) 17.7 % (36.1) 10.0 (–7.7 to 27.6) 12.5 (–4.6 to 29.7) 9.0 (–7.3 to 25.3)
Maximum in Watt 8.5 (12.0) 8.7 (10.4) –0.2 (–4.9 to 4.7) 0.0 (–4.9 to 4.9) –0.3 (–5.1 to 4.5)
exercise capacity in percent 20.0 % (26.2) 16.8 % (21.8) 3.2 (–7.1 to 13.5) 2.7 (–8.1 to 13.5) 2.0 (–8.5 to 12.6)

Hospital anxiety and depression scale
Depression –2.05 (2.90) –2.93 (2.80) 0.88 (–2.15 to 0.39) –0.63 (–1.75 to 0.49) –0.58 (–1.65 to 0.49)
Anxiety –1.95 (2.22) –2.25 (3.09) 0.30 (–1.50 to 0.90) –0.07 (–1.15 to 1.00) –0.22 (–1.24 to 0.80)

Feeling thermometer 10.2 (16.7) 14.5 (14.6) –4.3 (–11.7 to 3.1) –0.3 (–7.8 to 3.8) –0.9 (–6.6 to 4.7)

* Adjusted for gender, six-minute walk distance, HADS depression score, long-term oxygen, recent exacerbation, cardiovascular and endocrine co-morbidities, hospital anxiety
and depression scale change scores multiplied by –1, positive represents improvements
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orous methodological standards in-

cluding per-protocol and intention-

to-treat analyses.38;41-43 Second, health

care staff supervising exercise tests

were blinded to group allocation.

Third, our trial was larger than all

previous trials together18;20;21 and suffi-

ciently powered to answer the ques-

tion of clinical non-inferiority. Fourth,

we considered important elements of

pragmatic trials aimed at informing

clinical practice including compari-

son of two available interventions,

enrolment of a high percentage of el-

igible patients and the use of clinical-

ly relevant outcomes.44

Implementing the interventions in

clinical practice was associated with

some limitations. We did not perform additional tests such as constant work rate tests

that would allow more insights into physiological responses to exercise, as did a number

of previous studies.18;19;21;45;46 Also, our study focused on the difficult initiation of physical

exercise for severe COPD patients during a supervised rehabilitation but not on long-

term maintenance of exercise programs. Both interval and continuous exercise can be

performed on any stationary bicycle but optimal adjustment of exercise load requires su-

pervision. Studies focusing on the transition from supervised rehabilitation programs to

home- or fitness center-based exercise should explore how interval or continuous exer-

cise can be continued in the long-term.

Although total work was substantially higher for the continuous exercise group, the

benefit was not larger. Thus, with the same number and duration of exercise sessions

patients achieved similar improvements of HRQL, the main outcome in respiratory re-

habilitation trials, and exercise capacity with interval exercise. This indicates that the

short high intensity stimuli (on average 98 % of maximum exercise capacity) were effec-

tive to provoke a similar response compared with a constant workload at 57 % of max-
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Dyspnoea

CRQ domain Difference

Fatigue

Emotional
function

Mastery

Total score

-1 -.75 -.5 -.25 0 .25 .5 .75 1

Favours Favours 
continuous exercise interval exercise

–0.07 (–0.53 to 0.38)

–0.02 (–0.41 to 0.37)

–0.08 (–0.48 to 0.32)

–0.01 (–0.46 to 0.45)

–0.05 (–0.42 to 0.32)

Adjusted* difference between change scores

* Adjusted for gender, six-minute walk distance, HADS depression score, long-term oxygen, recent 
exacerbation, cardiovascular and endocrine co-morbidities

Figure 3: Per-protocol analyses for the main outcome health-related
quality of life. For each domain and the total score of the chronic respi-
ratory questionnaire point estimates (filled squares) and 95 % confi-
dence intervals for differences between the continuous and interval
exercise groups are shown. The chronic respiratory questionnaire has
a scale from 1 (most severe impairment) to 7 and a difference of 0.5
(dotted line) represents the minimal important difference. 
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imum exercise capacity. The length

of our training session was limited to

about 25 minutes, a tolerable session

length for patients with severe

COPD. It is possible, however, that

patients could endure longer exer-

cise sessions with interval exercise

than with continuous exercise so

that larger training effects could de-

velop.19 This would need to be ad-

dressed in future studies.

The main CRQ follow-up assess-

ment was after five weeks because

the items relate to activities in the

home environment. After the inpa-

tient rehabilitation however, patients

also completed the CRQ (three-

week follow-up) and we found even

larger changes for the interval exercise group (adjusted between-group difference 0.26,

95 % CI –0.11 to 0.63, favouring interval exercise). Thus interval exercise was clearly

non-inferior at this stage. 

Clinicians need to identify COPD patients who might benefit from respiratory reha-

bilitation. Some of them will tolerate continuous exercise at high intensity, but the ma-

jority of patients with severe COPD will not be able to follow a continuous exercise pro-

tocol as our trial and others showed.17 For these patients, interval exercise represents an

attractive alternative. Patients can achieve a clinical benefit that is at least large as with

continuous exercise but they do not need to stop exercising as often. Clinicians can

choose between interval and continuous exercise to initiate physical exercise based on

patient preferences allowing a larger proportion of patients with severe COPD to im-

prove their peripheral muscle dysfunction. However, our findings strengthen the evi-

dence base for interval exercise and may lead the American Thoracic Society and Euro-

pean Respiratory Society to strengthen their recommendation for interval exercise.
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Exercise test Difference

Six-minute 
walking distance 3.4 (–21.7 to 28.6)

–0.3 (–5.1 to 4.5)

5.6 (–8.4 to 19.5)

Maximum exercise
capacity

Short-time maximum
exercise capacity

Favours Favours 
continuous exercise interval exercise

Adjusted* difference between change scores

-100 -75 -50 -25 0 25 50 75 100 meters

-10.0 -7.5 -5.0 -2.5 0 2.5 5.0 7.5 10.0 Watt

-20 -15 -10 -5 0 5 10 15 20 Watt

Figure 4: Per-protocol analyses for three measures of exercise capacity (six-minute
walk distance, maximum exercise capacity and short-time maximum exercise ca-
pacity). For each measure of exercise capacity point estimates (filled squares) and
95 % confidence intervals for differences between the continuous and interval ex-
ercise groups are shown. The minimal important difference of six-minute walk dis-
tance was set at 45 meters.

* Adjusted for gender, six-minute walk distance, HADS depression score, long-term oxygen, recent exacerbation, cardio-
vascular and endocrine co-morbidities
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The following discussion summarizes the main findings of this thesis and puts them into

a broader context of research in respiratory rehabilitation. The studies of this thesis con-

tribute to respiratory rehabilitation but also to COPD research in general. On one side,

the two systematic reviews (chapter 2) and the randomised trial (chapter 5) provide im-

portant information for clinicians for the design of exercise programs: First, strength ex-

ercise should be routinely incorporated in respiratory rehabilitation because its effects

on important clinical outcomes appear to be even larger compared to those of en-

durance exercise. Second, interval exercise represents an attractive alternative for pa-

tients with severe COPD who often cannot adhere to high intensity continuous exercise.

Interval proved to be non-inferior to continuous exercise while being tolerated better. Fi-

nally, the additional benefit of supplemental intervention such as oxygen or bron-

chodilators remains unclear and trials of good methodological quality are required.

On the other side, the thesis contains four studies about health-related quality of life

and preference-based instruments that are important for trials with COPD patients in

general (chapters 3 and 4). The chronic respiratory questionnaire is now available as a

self-administered instrument with standardized dyspnea questions, which makes it at-

tractive for use in clinical studies. The feeling thermometer has proved to be an instru-

ment that well reflects the patients’ perspective of impairment. Importantly, COPD pa-

tients understand the task of completing the feeling thermometer in contrast to the stan-

dard gamble, which may ask too much from a majority of COPD patients. Clinical

marker states used to familiarize patients to the task of these two preference-based in-

struments do not seem facilitate their application.

Without doubt, evaluation of physical exercise as the main component of respiratory

rehabilitation merits the attention from the scientific community it currently receives.

However, other components of respiratory rehabilitation as well as aspects important

for referral to respiratory rehabilitation also need to be addressed in order to compre-

hensively evaluate respiratory rehabilitation.

Patient education as part of respiratory rehabilitation

There is still a debate about the role of patient education, which is part of some but not all

programs.1 This may be due to uncertainty about its effectiveness or due to feasibility.

Among the randomized trials comparing respiratory rehabilitation and usual care, the

140 Chapter 6

* Chap_06.qxd  11.7.2006  21:50 Uhr  Seite 140



rehabilitation programs with patient education did not show larger effects than pro-

grams with physical exercise only.2 Also, a recent systematic review concluded that evi-

dence for the effectiveness of self-management education for COPD patients is incon-

clusive.3

In contrast, a randomized trial with a comprehensive and carefully developed patient

education program including instructions for unsupervised home exercise showed that

hospital admissions can be reduced substantially.4 This patient education program in-

cluded a written action plan similar to those used for asthma patients.5 Such a compre-

hensive program, however, may not be easily integrated into respiratory rehabilitation

programs. It requires trained health care staff and a series of educational sessions. 

Available evidence about patient education is not conclusive but suggests that it may

have the potential to positively influence patient outcomes. Future research should first

clarify the role of patient education as a component of respiratory rehabilitation. In a

second step, it would be important to learn what the most important elements of patient

education are and how they could be integrated into respiratory rehabilitation pro-

grams.

Referral to respiratory rehabilitation: who, when and where?

Physicians refer few patients with advanced COPD to respiratory rehabilitation.6 One

reason is low awareness for the benefits of this intervention. Other reasons are that it is

yet unclear which COPD patients benefit most and at what point of time and to which

setting patients should be referred. 

A recent meta-regression analysis indicated that patients with moderate COPD

achieve larger benefits in terms of health-related quality of life than patients with severe

COPD.(Puhan et al, manuscript in preparation) The risk for hospital admissions, howev-

er, may be modified in patients with advanced COPD only. A meta-analysis of respira-

tory rehabilitation trials in COPD patient suffering from severe exacerbations showed

substantial reductions of hospital admissions while trials with stable COPD patients did

not.7 These analyses indicate that there is indeed some effect modification by patient

characteristics. Reanalyses of existing trials, for example in the form of meta-analysis of

individual patient data, should be encouraged because knowledge of effect modifiers

would be important for a referral decision.
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Another important question that has not been resolved yet is the optimal timing for

referral to respiratory rehabilitation. In clinical practice, patients are often referred to res-

piratory rehabilitation after an exacerbation similar to rehabilitative care after myocar-

dial infarction.1 Most of the evidence about respiratory rehabilitation comes, however,

from trials enrolling stable COPD patients.2 Is physical exercise less effective in patients

with unstable pulmonary condition as it is at a later stage? By contrast, might patient ed-

ucation have more impact on the patients’ self-management immediately after an exac-

erbation because patients are more willing to accept changes of their lifestyle? 

There are no trials comparing early and late rehabilitation so far. Such a trial would be

informative for clinicians in the acute care setting because there is little research about

the optimal post-exacerbation management.8 Patients are usually discharged at home

without a change of management so that further severe exacerbations are almost certain

to occur. With early rehabilitation, patients at risk for repeated exacerbations can be re-

ferred directly after the acute exacerbation treatment. At this stage, patients might be

more willing to change their health behaviour. Convincing COPD patients for respirato-

ry rehabilitation later on, when they are their home environment again, is difficult. Thus

early rehabilitation could be more effective to reduce the number or at least the severity

of future exacerbations in a larger proportion of patients than late rehabilitation. A ran-

domized trial comparing the effects of early and late rehabilitation on hospital admis-

sions for exacerbations is needed.

Finally, the selection of the setting of rehabilitation is not informed by research so far.

In some countries, both in- and outpatient rehabilitation is available.1;9 The decision for

one of these settings will often depend on availability, social circumstances or cost con-

siderations. However, an evidence base for a judicious decision is still lacking. There are

also home-based rehabilitation programs with unsupervised exercise. It is yet unclear

whether such programs should be promoted. Trials of supervised respiratory rehabilita-

tion showed larger effects than those of home-based rehabilitation, at least in the short

term.2 Long-term adherence to physical exercise, however, may be superior at home

compared to supervised programs, where the difficult transition to home-based exercise

has to be made.10 A trial directly comparing home-based and supervised outpatient reha-

bilitation is currently in process.11
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Concluding remarks

In the last 15 years, respiratory rehabilitation was in the focus of intensive research activ-

ities. It has become evident that this complex intervention is effective to improve symp-

toms, health-related quality of life and exercise capacity. Current research including this

thesis focuses on optimizing the components of respiratory rehabilitation such as phys-

ical exercise. Once there is agreement about the design of programs, further research

should inform physicians which COPD patients should be referred at what point of time

to outpatient, inpatient or home-based respiratory rehabilitation. Thereby, respiratory

rehabilitation could become established as an inherent part of the COPD management.
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Dit proefschrift beschrijft de voorbereiding en uitvoering van een gerandomiseerde tri-

al waarin twee vormen van longrevalidatie voor patiënten met ernstige chronische ob-

structieve longziekte (COPD) worden vergeleken. Oefentherapie is een hoeksteen in

het management van COPD patiënten geworden omdat het zich richt op het dysfunc-

tioneren van de perifere spieren. Deze belangrijke algemene uiting van COPD heeft in-

vloed op het lichamelijk functioneren van de patiënten, hun kwaliteit van leven en

hangt samen met een slechte prognose. Hoewel veel placebo-gecontroleerde trials aan-

tonen dat oefentherapie zeer effectief is, zijn er voor patiënten met matig tot matig-ern-

stige COPD zeer weinig oefentherapieprotocollen die effectief en toch vol te houden

zijn.

Hoofdstuk 2 tot en met 4 beschrijven studies die belangrijk waren bij de planning van

een gerandomiseerde trial (hoofdstuk 5). Hoofdstuk 2 beschrijft systematische reviews

van gerandomiseerde trials over verschillende oefentherapieën en over behandelingen

die daaraan worden toegevoegd om die effecten te versterken. De belangrijkste bevind-

ing was dat krachtoefeningen tenminste zo effectief zijn als uithoudingsoefeningen.

Krachtoefening zou zeker overwogen moeten worden in longrevalidatieprogramma’s

die traditioneel de nadruk leggen op uithoudingsoefeningen. Krachtoefening zou van bij-

zondere waarde kunnen zijn voor patiënten die geen uithoudingsoefening verdragen. In-

tervaloefeningen die uithoudingsoefeningen met krachtoefeningen combineren zouden

ook een aantrekkelijke mogelijkheid zijn voor deze patiënten. Tenslotte bleek dat het

wetenschappelijk onderzoek naar effecten van toegevoegde behandelingen, zoals zuur-

stoftoediening tijdens oefeningen, leed aan grote methodologische tekortkomingen zo-

dat deze behandelingen nog niet algemeen kunnen worden aanbevolen.

Hoofdstuk 3 beschrijft de vertaling, aanpassing en validering van de Duitstalige Chro-

nische Respiratoire Vragenlijst (CRQD). Voordat wij onze studie begonnen, was er geen

gevalideerd ziekte-specifiek instrument om ziekte-gerelateerde kwaliteit van leven te

meten in Duitstalige personen. Deze klinisch belangrijke uitkomst was daarom niet

beschikbaar in COPD trials. In een gerandomiseerde studie vergeleken wij de originele,

door een interviewer afgenomen, en de nieuw ontwikkelde schriftelijke versie van de

CRQ en vonden dat de meeteigenschappen van deze twee toedieningsvormen van de

CRQ vergelijkbaar waren. De schriftelijke (en zelf af te nemen) versie van de CRQ is een
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handzaam instrument om de gezondheidsgerelateerde kwaliteit van leven in COPD tri-

als te meten. Zij is simpel en kost weinig tijd.

Hoofdstuk 4 beschrijft ons onderzoek naar de meeteigenschappen van twee andere

klinisch-georiënteerde uitkomstmaten, de zogenaamde feeling-thermometer en de stan-

dard gamble. In de eerste studie vonden we dat patiënten en artsen behoorlijk ver-

schilden van mening over de effecten van longrevalidatie op de gezondheidstoestand.

Een reden voor dit verschil is dat patiënten en artsen verschillende informatie laten

meewegen in hun scores. Terwijl patiënten beperkingen ten gevolge van kor-

tademigheid, moeheid of depressieve symptomen lieten meewegen, verlaten artsen zich

op testuitslagen zoals de bereikte loopafstand in 6-minuten. Deze bevindingen sugger-

eren dat bij de evaluatie van overeenstemming tussen patiënten en artsen geen gebruik

moet worden gemaakt van instrumenten zoals de feeling-thermometer omdat de infor-

matie die patiënten en artsen gebruiken voor hun scores verschillend is. De resultaten

van de tweede studie in hoofdstuk 4 zetten vraagtekens bij het nut van de standard gam-

ble bij COPD patiënten. De reproduceerbaarheid van dit instrument, dat veel gebruikt

wordt voor gezondheidsdeconomische analyses, is slecht. Dit komt waarschijnlijk door-

dat het voor een patiënt moeilijk is dit complexe instrument te begrijpen. De feeling-

thermometer lijkt een betere keuze te zijn voor onderzoek met COPD patiënten.

Tenslotte laat de gerandomiseerde studie, beschreven in hoofdstuk 5, zien dat inter-

valoefeningen niet minder effectief zijn dan continue oefeningen van hoge intensiteit om

gezondheidsgerelateerde kwaliteit van leven en het vermogen om lichamelijk actief te

zijn te verbeteren. Daarbij wordt intervaloefening duidelijk beter verdragen. Deze resul-

taten zouden clinici moeten stimuleren om intervaloefeningen te overwegen in patiën-

ten die sterk beperkt worden door kortademigheid en pijn in hun benen tijdens bewe-

gen. Clinici kunnen de keuze tussen interval- en continue oefeningen in feite laten

afhangen van de voorkeur van de patiënt. Met deze twee effectieve oefenprotocollen

kunnen mogelijk meer patiënten met ernstige COPD hun perifere spierdysfunctie ver-

beteren.

Hoofdstuk 6 bespreekt de studies in dit proefschrift in een bredere context. Huidig

wetenschappelijk onderzoek, zoals bijvoorbeeld het onderzoek dat wij zelf deden, richt
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zich op het optimaliseren van de afzonderlijke onderdelen van longrevalidatie, zoals oe-

fentherapie. Als er eenmaal overeenstemming is over het optimale ontwerp van revali-

datieprogramma’s, kan verder wetenschappelijk onderzoek artsen vertellen welke

COPD patiënten wanneer verwezen moeten worden naar poliklinische-, intramurale- of

longrevalidatie in de thuissituatie. Op die manier zou longrevalidatie een erkend en

vanzelfsprekend onderdeel kunnen worden in het management van COPD patiënten.
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