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IntrODuCtIOn

Definition and impact of COPD
Chronic obstructive pulmonary disease (COPD) is a major health problem with a prevalence of 
1.83% for men and 1.55% for women in the Dutch population. In the Dutch population COPD 
was reported to be the fifth leading cause of death in 2007.1 Worldwide COPD is currently 
the fourth leading cause of death and is expected to be the third in 2020.2 COPD is defined 
as a common preventable and treatable disease, which is characterized by persistent airflow 
limitation that is usually progressive and associated with an enhanced chronic inflammatory 
response in the airways and lung to noxious particles or gases.3 Exacerbations and comorbidities 
contribute importantly to the perceived burden of disease in individual patients. The most 
important risk factor for COPD is tobacco smoking, including secondhand or passive smoke 
exposure. Other risk factors include indoor and outdoor air pollution, occupational dusts and 
chemicals, and frequent lower respiratory infections during childhood.4 

Pathophysiology
Several processes underlie the physiologic abnormalities and symptoms which are present in 
patients with COPD. Inflammation and narrowing of the central and peripheral airways leads 
to a decrease in forced expiration volume in one second (FEV1). Parenchymal destruction also 
contributes to airflow limitation and decreased oxygen uptake. In addition, carbon dioxide 
retention may occur resulting from higher work of breathing and a reduced ventilatory capacity 
or drive. Besides that, peripheral airway obstruction and reduced lung recoil may lead to 
trapped air, hyperinflation and reduced inspiratory capacity. Subsequently, dyspnea, especially 
during exercise, increases, thereby limiting exercise capacity. Recently, there has been more 
attention for systemic inflammation as a key factor in COPD. Inflammatory mediators in the 
circulation may contribute to skeletal muscle wasting and cachexia and initiate or worsen 
comorbidities such as ischemic heart disease, heart failure, osteoporosis, diabetes, metabolic 
syndrome and depression.3

 
Symptoms
Prominent symptoms of COPD are chronic cough, mucus production, dyspnea and decreased 
exercise capacity. Patients often enter a downward spiral of dyspnea, avoidance of physical 
activity and deconditioning. Exercise capacity may be affected by lung-related factors such 
as ventilatory limitation, dynamic hyperinflation and diminished oxygen uptake in the lung, 
but also by factors outside the lung such as early lactate production, muscle dysfunction and 
cardiovascular deconditioning. The latter features may at least partially be induced by the 
sedentary lifestyle present in these patients, caused by experienced dyspnea during physical 
activities or exercise training. In the early stages of COPD patients may not experience limitations 
in their exercise capacity yet, because ventilatory reserves are still large and hyperinflation or 
gas exchange problems are modest. Nevertheless, physical activity is known to be decreased 
already in the early stages of COPD (from GOLD stage II) compared to healthy subjects.5  

Physical activity and physical fitness

Physical activity and physical fitness are closely related but not exchangeable concepts. Physical 
activity is defined as any bodily movement produced by skeletal muscles that requires energy 
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expenditure.6 Physical fitness can be defined as the ability to carry out daily tasks with vigor 
and alertness, without undue fatigue, and with ample energy to enjoy leisure time. Physical 
fitness can be divided into performance and health related fitness, whereas the latter includes 
cardiorespiratory fitness, muscular strength and endurance, body composition and flexibility.7 
Unfortunately, physical activity and physical fitness are frequently used in the same way, 
although there are important differences. As explained above physical activity reflects what a 
person actually does in daily life, whereas physical fitness indicates what a person is capable of. 
This implies that physical activity also has a behavioral component, as a person has the choice 
to use his abilities or not. Important aspects and consequences of both concepts will now be 
described in more detail. Also the tools to measure these concepts will be addressed.

Physical activity
Physical activity is recognized by the WHO as an important feature to improve cardiorespiratory 
and muscular fitness, bone health and reduce the risk of noncommunicable diseases and 
depression. Therefore the WHO recommends adults to be physically active at a moderate 
intensity for at least 150 minutes throughout the week, or at vigorous intensity for at least 
75 minutes throughout the week, or an equivalent combination of these. Physical activity on 
an aerobic level should be performed in bouts of at least 10 minutes duration. For additional 
health benefits the amount of physical activity should even be further increased.8 Moreover, a 
recent study showed that in a general population exercising at moderate intensity for 15 min 
a day or 90 minutes per week already reduced all cause mortality with 14% and increased life 
expectancy with 3 years.9 Every additional increase of 15 minutes of physical activity beyond 
this minimum of 15 minutes per day further reduced all cause mortality by 4 %. Low physical 
activity has negative consequences and has been associated with higher age, higher BMI and 
being a woman in healthy elderly subjects.10 Besides that, physical inactivity increases the risk 
of many adverse health conditions such as coronary heart disease, type 2 diabetes, breast and 
colon cancer and shortens life expectancy.6 Recently it has been shown that physical inactivity 
is the fourth leading cause of mortality globally and thereby responsible for 6% of all deaths. 

Physical activity level in COPD patients generally is low, mean step counts ranging from 2026-
5882 have been shown in different studies.11-17 In studies that compared COPD patients and 
healthy subjects mean steps for healthy subjects were higher and ranged from 8590-9732.17,18 
In addition, physical activity level is also more reduced in COPD patients than in populations 
with other chronic diseases.19,20 The associations with and risks of physical inactivity found in 
healthy (elderly) subjects might as well yield for COPD patients. Furthermore, in COPD low 
physical activity level has been associated with lower FEV1

5,13,18,21,22, VO2peak21,23,24 , 6 minute 
walking distance5,12,21-24, quality of life13, self efficacy22,25, and higher risk for all-cause and 
respiratory mortality26-29. Interestingly, associations between physical activity and physical 
variables have been investigated more extensively than associations with psychological 
variables. How physical activity, physical variables and psychological variables interact and 
whether these interactions differ between COPD stages is therefore an interesting research 
topic. 

Physical activity has been measured in several ways using direct observation, doubly labeled 
water, motion sensors or questionnaires. Direct observation and doubly labeled water are 
often too expensive and time consuming. Questionnaires are inexpensive and easy to use 
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but rely on the memory and interpretation of patients and are therefore subjective and less 
accurate. Motion sensors are an objective way to measure physical activity. Pedometers 
are uni-axial motion sensors, which can only measure walking or running related activities, 
whereas tri-axial accelerometers measure movements in more than one plane and should 
thus be able to monitor all movements. Both devices have been used in COPD patients and 
have their advantages and disadvantages. Tri-axial accelerometers are able to measure the 
intensity of physical activity and accelerometry counts show a linear relationship with energy 
expenditure.30,31 Pedometers only measure step counts, but are easier to interpret for the user 
and are less expensive. All the same, measurement of some movements (e.g. upper body, 
graded terrain and cycling) remains problematic for both kind of devices. Importantly, walking 
and running are the most common forms of physical activity, which makes the application of 
pedometers very valuable.  

Physical fitness 
Physical fitness is decreased in COPD, which is demonstrated by loss of exercise capacity and 
muscle strength. It remains unclear to what extent this deterioration of physical fitness is 
caused directly by consequences of COPD, such as systemic inflammation and oxidative stress, 
although studies in COPD patients have shown elevated levels of biomarkers such as TNF-α and 
CRP.32 It is known that the normal aging process is also characterized by a progressive decline 
of skeletal muscle function called sarcopenia.33 Finally, physical inactivity is an important factor 
in this process. The fact that in general the deterioration of physical fitness is accelerated in 
COPD patients compared to healthy older adults underlines the importance of enhancing 
physical fitness and physical activity.  

In COPD, physical fitness (health related) is a concept that is frequently objectified by 
measuring exercise capacity, and muscle strength. The latter can be measured using different 
measurement tools such as a hand-held dynamometer or a computerized dynamometer 
for arm as well as leg strength. Different methods of strength testing and their advantages 
and disadvantages have been described in detail elsewhere.34 Exercise capacity in COPD can 
be distinguished in peak exercise capacity and endurance exercise capacity. Peak exercise 
capacity is determined by peak oxygen uptake, which is the highest oxygen uptake obtainable 
for a given form of ergometry despite further work rate increases and effort by the subject.35 
Endurance exercise capacity has been defined as the ability to sustain a high proportion of 
individual maximal oxygen uptake.36

Exercise capacity, both peak and endurance, have been measured using several measurement 
tools. Exercise testing can be performed in a highly standardized way in the lab, e.g. the 
incremental cycle ergometer or treadmill test or in a less standardized way by using field tests 
such as the 6 minute walking distance (6MWD), incremental shuttle walking test (ISWT) and 
endurance shuttle walking test (ESWT). Incremental exercise testing is often used in COPD 
patients to assess exercise limitation, which may be influenced by factors such as reduced 
ventilatory capacity, dynamic hyperinflation, diminished oxygen uptake, early lactate 
production, muscle dysfunctioning and cardiovascular deconditioning.37,38 An incremental 
exercise test is a symptom-limited test using for example 1 minute increments of 5 or 10 W 
on a cycle ergometer, to the limit of tolerance of the patient. During such tests peak work rate, 
pulmonary oxygen uptake, carbon dioxide output and minute ventilation can be measured 
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with a mixing chamber. Electrocardiography is used to measure heart rate, and arterial blood 
gasses may monitor gas exchange performance during exercise. Measuring all these variables 
gives a detailed and large amount of information on how exercise capacity is limited. 

Although, incremental cycle ergometry or treadmill testing is regarded as the ‘gold standard’ to 
measure exercise capacity, field tests, such as the 6MWD, the ISWT and ESWT might be a good 
alternative. These field tests are less expensive and do not require sophisticated equipment and 
resources that are not available in all facilities or to all clinicians. It has been shown that in COPD 
patients these field tests often elicit a peak cardiorespiratory response similar to incremental 
cycle ergometry and treadmill testing.39,40 Both incremental and endurance exercise capacity 
have been investigated extensively, however, the latter might be a more relevant measure in 
COPD, because endurance exercise intensity levels reflect activities of daily life better than 
maximal exercise intensity levels. The ability to carry out activities of daily life might be more 
important to the patient than his peak exercise capacity. Therefore submaximal and endurance 
exercise capacity are considered to be important outcome measures.

Two important field tests to measure submaximal and endurance exercise capacity in COPD 
are the 6MWD and the ESWT. The 6MWD, a self paced field test, is a frequently used measure 
of (sub)maximal exercise capacity in COPD. During this test patients have to walk as far as 
possible in 6 minutes.41 The test has shown to be responsive to treatment in several studies.42-45 
However, there is no consensus on what is considered to be a clinically relevant change in 
6MWD. Studies investigating this topic reported values of change in 6MWD ranging from 25-
54m as minimally important difference (MID) in different COPD populations and with different 
treatments.46-49 The ESWT, another field test, measures endurance exercise capacity. The ESWT 
is externally paced and therefore less affected by motivation and pacing ability than the 6MWD. 
The ESWT is performed on a 10 m long course at a speed corresponding with 85% of VO2peak, 
which can be estimated from the incremental shuttle walking test that is performed before the 
ESWT. Patients are instructed to walk for as long as possible at a speed dictated by an auditory 
signal.50 The ESWT has shown high responsiveness to treatment with bronchodilators51 and 
pulmonary rehabilitation52 in patients with COPD. In addition, the ESWT might be more 
responsive to treatment than the 6 MWD.52 The MID of the ESWT has been investigated less 
extensively than the MID of the 6MWD. One study attempted to estimate the MID of the ESWT 
after bronchodilation and PR, but only succeeded in determining a MID after bronchodilation. 
This MID was considered to be 45-85 seconds (13%) or 60-115 m (15%) change in ESWT. Until 
now a clear MID of the ESWT after PR remains unknown. 

Improving and maintaining physical fitness and physical activity

Improving physical fitness
PR is an important treatment option for patients with COPD.3 PR programs are multidisciplinary 
and in general contain different training forms (cycling, walking, strength exercises and 
cardiofitness), education and psychological or dietetic interventions if necessary. Improving 
physical fitness is one of the most prominent aims of PR. PR programs should have a minimum 
of 20 sessions given at least 3 times a week to achieve desirable physiologic benefits. Ideally, 
endurance training should be performed for at least 30 minutes at high intensity levels (>60% 
peak work rate). Although high intensity exercise produces greater physiologic benefits, low 



Chapter 1

14

intensity exercise is also effective for those patients who cannot achieve a high intensity 
exercise level. However, when patients are highly symptomatic and not able to achieve this 
low intensity level, then interval training is also a good alternative. Exercise training should 
be aimed at both upper and lower extremities and a combination of endurance and strength 
exercise generally has multiple beneficial effects.53

The amount of research investigating the beneficial effects of PR programs is large. A review 
of Lacasse et al, including 31 trials, shows that PR programs improve health related quality 
of life and exercise capacity.54 With regards to quality of life the meta-analysis in this review 
showed a statistically significant and clinically relevant treatment effect in the Chronic 
Respiratory Questionnaire (CRQ). In other words, the common effect size on each domain of 
the questionnaire (dyspnea, fatigue, emotional function and mastery) exceeded the MID (0.5 
on a 7-point scale). For the St. George Respiratory Questionnaire (SGRQ), the common effect 
size on each domain as well as the total score also exceeded the MID (4 points on a 100-point 
scale). 

With regards to exercise capacity, the common effect of PR on change in 6 MWD was an increase 
of 48 meters, suggesting a positive effect of PR. The common effect of PR on incremental cycle 
ergometry was 8.4 Watts. Despite the large amount of evidence for the positive effects of PR it 
is unclear which patients respond best to exercise training. Some studies have investigated this 
topic but there is no consensus yet on which patient should be enrolled in PR and what kind 
of program is most effective. Better insight in this topic might help to better tailor programs to 
the patients’ needs. 

Maintaining physical fitness after pulmonary rehabilitation
PR programs show positive short term results, which are often only partly maintained in the 
long term.55 An interesting question in this perspective is: what can be done to maintain the 
effects of PR? Several programs aiming at maintenance of PR results have been investigated.56 
All these programs used supervised exercise training (ranging from once a month to 3 times 
per week) as part of the program, which was combined with phone calls in the studies with 
supervised exercise training only once a month. The duration of these programs ranged from 
9-15 months and consisted of aerobic exercise (walking and cycling) and in most studies 
also lower and/or upper extremity strength training. Meta-analysis of these studies shows 
that supervised exercise programs after PR are superior to usual care in the medium term, as 
benefits in exercise capacity were sustained after 6 months.56 However, these effects were not 
sustained after 12 months. In addition, there were no differences in health related quality of 
life (measured by CRQ or SGRQ) between the supervised exercise groups and usual care at any 
time.56 

Another important contributor to maintenance of effects is the extent to which patients 
show adherence to a program. Nonadherence to and dropout from PR programs and 
maintenance exercise programs is considerable with compliance rates ranging from 39-76% 
after 1 year, with a mean compliance rate of 60%.56 With regards to health related quality of life, 
maintenance programs might be more effective when not only exercise training is included. 
For example, weekly phone calls could contribute to increased health status. In addition, a 
24-month disease management program in less advanced COPD patients, including exercise, 
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nutritional intervention, smoking cessation support and post exacerbation rehabilitation, still 
showed significant differences between the intervention and usual care group in both exercise 
tolerance and health related quality of life after 2 years in favor of the intervention group.57 
Possibly, such a disease management program might also be effective to maintain results after 
completion of a PR program.

Counseling physical activity during exercise programs
An important problem in COPD patients is sustaining the complex behavioral change that is 
initiated by PR. With regards to exercise and physical activity level there is limited relevant 
research about maintenance of the effects after PR. Because the long term maintenance of 
exercise capacity and physical activity level involves behavior change, programs including 
behavioral treatment components, such as physical activity counseling, might be effective 
in the long term. Two pilot studies using a physical activity counseling protocol in COPD 
patients have been conducted till now: one combined PR with physical activity counseling in a 
multidisciplinary PR setting58, the other compared physical activity counseling to usual care in 
a hospital outpatient clinic setting59. Both studies showed promising results in the short term, 
as in the first study, patients receiving PR and physical activity counseling improved more in 
steps per day than the PR only group. Although this difference was not statistically significant 
it was clinically relevant, with an effect size > .80. The other study comparing physical activity 
counseling to usual care showed an increase in steps of 11% in the physical activity counseling 
group, whereas the usual care group decreased 18%. Moreover, a significant beneficial effect 
in the physical activity counseling group was found in arm and leg strength, quality of life 
and intrinsic motivation scores. Therefore physical activity counseling might be a feasible 
treatment option to maintain or even further improve and extend the effects of PR on exercise 
capacity and physical activity level in COPD.

Counseling physical activity instead of exercise programs
An important reason to explore the possibilities of improving physical activity in daily life 
instead of following a structured exercise program is that it is less expensive and accessible 
to a larger part of the COPD population. Enhancement of physical activity in daily life using 
behavioral counseling, could thus be given autonomous of PR or structured exercise programs, 
however the question is whether this is equally effective. We know that physical activity levels 
in COPD patients are already reduced in the mild stages of COPD5 and that reduced physical 
activity is associated with reduced physical fitness5,12,21-24. Therefore patients with reduced 
physical activity level could be an attractive target population for physical activity counseling 
as it might improve physical fitness or prevent further deterioration and the need for PR in 
these patients. What also advocates for behavioral counseling in earlier disease stages is the 
fact that self-efficacy, which is a modifiable factor, is a predictor of physical activity in milder 
COPD.60 PA counseling may help patients to make better use of their capabilities by discussing 
barriers for being physically active and setting achievable goals to enhance physical activity 
level. Therefore, it is very interesting to investigate the effects of a physical activity counseling 
program over a longer period in a larger population of COPD patients including those with mild 
COPD. It would also be interesting to investigate the reasons for and predictors of dropping 
out from such a study, as it has been shown that compliance to PR maintenance programs 
consisting only of exercise training generally is low.
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In summary, physical activity counseling could be an attractive treatment option, in different 
settings of healthcare. The counseling could be performed adjunct to PR or exercise programs 
or as a stand-alone treatment. Prolonged effects of counseling on physical activity and physical 
fitness need to be investigated.

Behavioral principles of physical activity counseling
As described above, physical activity is what someone actually does. This implicates that 
behavior is involved in choosing to be active or not. The physical activity counseling program 
used in the randomized controlled trial we conducted (the COACH study) is based on principles 
from different behavioral theories, which will be explained in more detail below.
Firstly, parts of the Transtheoretical Model were applied. This model suggests that behavior 
change is a process consisting of five different stages (Stages of Change).61

1. The precontemplation stage, in which subjects have no intention to or need for 
behavior change. 

2. The contemplation stage, in which subjects are more or less convinced that they 
should change their behavior, but are actually not planning to do so. 

3. The preparation stage, in which subjects have the intention to change behavior and 
are actually planning to execute it. 

4. The action stage, in which subjects are actually changing behavior e.g. becoming 
more active according to physical activity guidelines. 

5. The maintenance stage in which the ‘new’ behavior needs to be consolidated and 
become part of the daily life routine. 

The model is cyclic, as patients might relapse and have to repeat the stages of change again. An 
important feature in this theory is the decisional balance, which means weighing the benefits 
and barriers for behavior change. When the benefits outweigh the barriers the change process 
is mostly effective and can be started. This decisional balance is most important in the first three 
stages of change. Self-efficacy, the confidence in own abilities to change, has an important 
catalyzing effect on this behavior change cycle. In the counseling protocol there is specific 
attention for discussing the benefits and barriers to change physical activity behavior. When 
needed alternatives are discussed that can help overcome the barriers a patient experiences. 
On the other hand, discussing the benefits can help a person to get convinced that action to 
change physical activity behavior is needed.

Secondly, principles of the Self Determination theory, which distinguishes intrinsic an extrinsic 
motivation to change behavior, were used.62 Intrinsically motivated subjects have a perceived 
locus of causality that lies within the subject, making behavior change more productive, 
creative, spontaneous and flexible. Intrinsic motivation in this theory has been linked to 
universal human needs like competence, autonomy and social relatedness, which together 
determine the extent of self determination. A sub-theory of the Self Determination Theory, the 
Cognitive Evaluation Theory states that positive feedback improves confidence, social support 
enables the need for autonomy, and experienced empathy increases social relatedness. The 
counseling program uses positive feedback, social support and empathy to strengthen the 
competence, social relatedness and autonomy patients’ experiences thus making them more 
prone for intrinsic motivation in order to actually change behavior.
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Thirdly, principles of the Goal Setting theory were embedded in the applied physical activity 
counseling program.63-65 The central idea of this theory is that subjects are more motivated to 
achieve goals when five important criteria are met: 

1. Goals need to be specific and clearly formulated, 
2. Goals need to be challenging but achievable
3. The subject is committed to his/her goal to 
4. The extent to which goals are public (others knowing of the goals) stimulates the 

subject to realize them
5. The extent to which reaching goals leads to a reward stimulates subjects to attain 

their goals.  

Challenging and achievable goals need to be explicitly formulated and have to be: specific, 
measurable, important to the subject, realistic and achievable, and have to be set in time, to be 
effective. During the counseling program, insight is given in current physical activity behavior 
by visually presenting steps per day of a complete week. Patients are asked how much they 
think they can increase their physical activity level, in what way they are planning to do so 
and when. This makes it possible to formulate explicit goals, which are discussed at the next 
appointment. Patients get feedback of their performance of the pedometer they wear and 
during the counseling appointments. At every appointment the results are presented visually 
and boundaries can be changed or goals can be adjusted.

Fourthly, principles of the Implementation Intention and Goal Attainment theory were applied 
in the physical activity counseling program. Implementation intentions are clear instructions 
(‘if then plans’) that subjects use to decide whether it is effective to realize their goal. Specific 
cues, for example time of the day, can be used to fit the behavioral change into the daily 
routine. Implementation intentions support goal intentions which specify what goal is aspired, 
whereas implementation intentions specify when, where and how a goal is aspired. In reality 
only 53% of the intentions for healthy behavior are actually converted to healthy behavior.66 
The goals set in the counseling program are explicitly formulated in amount of physical 
activity, frequency and time of the day patients and can be seen as implementation intentions 
to achieve the long term goal of increasing physical activity level.

Finally, principles of the Achievement Goal theory were used in the physical activity counseling 
program.67,68 The Achievement Goal theory discriminates mastery goals and performance 
goals. Mastery goals aim at improving competences and are characterized by a strong intrinsic 
motivation, the use of adequate self regulating strategies (‘if then plans’), persistent behavior, 
and a strong feeling of self-efficacy. Performance goals aim at appreciation and recognition 
of achieved performance, which is characterized by attention for extrinsic rewards such as 
recognition for success, performing and realizing plans for others and wanting to perform 
better than others. When performance goals are aspired failure is often attributed to external 
factors, such as lack of time, no cooperation from others or the goal being too complex, to 
protect self esteem. This phenomenon is called self-sabotaging or self-handicapping as 
subjects are looking for excuses to explain why they failed to reach their goal. Often these 
subjects set unrealistic goals. When patients use these self-sabotaging principles it is discussed 
what they can do themselves to overcome the barriers or what alternative ways there are to 
change physical activity behavior.
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Most of the above described behavioral theories are still analytical and theoretical but 
several behavior change techniques, such as self-monitoring, goal setting, problem solving 
and feedback techniques have been based on these theories and have been performed in 
practice. The Goal Setting theory might be effective, as a dose relation was shown in increased 
physical activity level with changes in goal setting, satisfaction, self-efficacy, commitment and 
intention, all consistent with the goal setting theory, in a successful workplace intervention.69 
Furthermore, it has been shown that education programs to enhance physical activity using 
any behavioral strategy elicit larger effect sizes in chronically ill patients than programs that do 
not incorporate such strategies.70 A meta-analysis of interventions to increase physical activity 
in healthy adults showed similar results, although the effect size for physical activity was higher 
in chronically ill patients.71 This meta-analysis also showed that face-to-face, individual and 
standardized interventions show higher effect sizes.71 This evidence supports the importance 
and relevance of investigating the effectiveness of a physical activity counseling program in 
COPD patients.

Design of the COACh study
The current study, the COACH study, was designed to investigate the effect of a physical 
activity counseling program in COPD patients on physical activity level, quality of life and 
exercise capacity. Patients from all GOLD stages were included in a randomized controlled 
trial. Patients were recruited in three different settings: general practices, hospital outpatient 
clinics and a specialized PR centre. The intensive intervention period was 3 months in which 5 
counseling sessions took place. After that there was a follow up period of 12 months in which 
three additional counseling sessions were scheduled, one of which was a phone call. A brief 
overview of the time schedule and counseling themes is shown in Figure 1 and Table 1. 

In the actual counseling sessions motivational interviewing techniques were used. Motivational 
interviewing is a non-directive interviewing technique using listening reflectively, asking open 
questions, summarizing, confirming and supporting.72 Table 1 shows how the different themes 
of the counseling sessions were planned.

Figure 1. overview of the COACH-study
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Aims and outline of thesis
This thesis will address a number of topics all related to physical activity and physical fitness 
in COPD patients as is shown in Figure 2. Environmental and biological variables might 
also influence physical activity but are not addressed in this thesis. Possible relationships 
between physical activity, physical fitness, psychological variables, PR and physical activity 
counseling are shown in the middle of the figure. The topics of investigation are represented 
by corresponding letters in the figure (a-e). 

table 1. Themes of counseling sessions

Activation: three months 

Counseling 1 : motivation for physical activity 

Counseling 2 : personal activity goal: stage 1

Counseling 3 : shifting boundaries 

Counseling 4 : personal activity goal: stage 2

Counseling 5 : consolidation 

Consolidation: 12 months 

Counseling 6 (tel) : consolidation 

Counseling 7 : fight back when activity level is decreased 

Counseling 8 : evaluation of new activity level, adjust personal activity goals 

Figure 2. Analytical model of variables interacting with physical activity and fitness in COPD
HADS: Hospital Anxiety and Depression Scale; SRQ-E: Self Regulation Questionnaire for exercise; LIVAS: Lichamelijke 
Vaardigheden schaal, Dutch version of the perceived Physical Ability Subscale; ESWT: Endurance shuttle walk test; 
6MWD: six minute walking distance
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Below the aims of the thesis are described:

Physical activity
Chapters 2, 3 and 4 will focus on the results of the COACH study. In this study we aimed to 
investigate:

a. The relationship between physical variables, psychological variables and daily 
physical activity. Direct as well as indirect relationships between those variables were 
studied cross-sectionally. (Chapter 2)

b. The effects of the COACH intervention on physical activity, exercise capacity and 
quality of life in patients from general practices, outpatient clinics and a rehabilitation 
centre. (Chapter 3)

c. The reasons for and predictors of drop-outs from our COACH study. (Chapter 4)

Physical fitness
Chapter 5 en 6 will focus on a specific outcome measure of physical fitness namely the ESWT. 
In these studies we aimed to investigate:

d. Variables explaining the change in endurance exercise capacity in COPD patients, 
measured by the ESWT. Thereby gaining insight in whether there is a patient profile 
associated with improved exercise capacity after PR (Chapter 5)

e. The clinically relevant change of the ESWT in a population of COPD patients with 
chronic respiratory failure. (Chapter 6)
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