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Chronic Obstructive Pulmonary Disease

Chronic Obstructive Pulmonary Disease (COPD) is defi ned as “a common, preventable 
and treatable disease that is characterised by persistent respiratory symptoms and airfl ow 
limitation that is due to airway and/or alveolar abnormalities, usually caused by signifi cant 
exposure to noxious particles or gases”.1 Most common respiratory symptoms are dyspnoea, 
cough, sputum production,1 and many patients with COPD experience a disabling level 
of fatigue.2,3 Tobacco smoking is the main causal factor of COPD, but in- and outdoor air 
pollution, occupational exposure, physiological predispositions and age are also risk factors 
in the development of COPD.1 COPD is the third leading cause of death worldwide.4 In the 
Netherlands, nearly 615,000 people suff ered from the disease in 2018,5 which translates to 
roughly 1 in 15 adults over the age of 40.5,6

Due to its slowly progressive nature COPD is also a major cause of chronic morbidity and 
impairment.7 Progression of COPD is associated with increasingly impaired lung function and 
physical functioning, decline in quality of life, and a higher risk of exacerbations and hospital 
admissions. Disease burden may be further increased by the systemic eff ects of COPD on 
cardiac function, gas exchange and infl ammatory reactions beyond the lungs, causing 
and/or aggravating concomitant diseases such as heart failure, ischaemic heart disease, 
skeletal muscle dysfunction, cachexia, osteoporosis, osteoarthritis, diabetes, lung cancer and 
depression.8-10

Severity of COPD is traditionally determined based on level of airfl ow obstruction. However, 
in recent years the focus in healthcare has been shifting from a mainly doctor-oriented (i.e. 
physiological) view toward providing more patient-centred care.11 It has become clear that 
outcomes that matter to patients, such as functional impairment, symptoms, quality of life, 
exacerbations and hospital admissions, are only poorly related to airfl ow obstruction and 
other physiological measures.11 Consequently, COPD disease management increasingly 
focuses on improving these patient-important aspects of health status to reduce patients’ 
disease burden. 

COPD exacerbations

One particular burden of COPD is posed by exacerbations, both on patients and society. 
Exacerbations are acute episodes of symptom worsening that require a change in regular 
medication.12 Symptoms of an exacerbation are an increase of everyday symptoms (e.g. 
dyspnoea, sputum, cough, wheezing, chest tightness, fatigue) for at least two days,13 which 
may or may not be accompanied by fever and lower blood oxygen levels. 
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All patients with COPD experience exacerbations during the progression of the disease, 
although frequency and severity vary widely between patients. Exacerbations have a negative 
impact on lung function14-16 and during exacerbations health status declines.16-20 Recovery 
of an exacerbation can take weeks to months.13,18 Furthermore, exacerbations are the main 
cause of COPD-related healthcare utilisation21,22 and hospital admissions.23 In 2017, there 
were nearly 34,000 hospital admissions due to COPD in the Netherlands.5 After one hospital 
admission due to an exacerbation, risk of new severe exacerbations and death increases 
substantially.24,25 Decreasing the impact of COPD exacerbations is one of the most important 
goals of the National Action Programme Chronic Lung Diseases of the Dutch Lung Alliance 
Netherlands (LAN), in which healthcare professionals, healthcare organisations and patients 
closely collaborate.26  

Most exacerbations are caused by bacterial or viral infections or by air pollution, but in about 
30% of the cases, the cause of the exacerbation remains unknown.27 To date, no standardised 
test is available to diagnose an exacerbation, due to the variety of possible causes and clinical 
expressions of exacerbations. 

In clinical practice, exacerbations are diagnosed and treated based on clinical judgement, 
weighing various factors (e.g. nature and severity of respiratory symptoms, respiration rate, 
blood oxygen level, lung sounds, body temperature). Mild exacerbations are treated at home 
with higher doses of bronchodilators, moderate exacerbations are treated with prednisolone 
and/or antibiotics on top of the intensifi ed bronchodilator treatment, and for severe 
exacerbations a hospital admission is needed for monitoring, intravenous medication and 
oxygen supply.28

In COPD research, exacerbations are measured using various defi nitions, either based on 
healthcare use (event-based exacerbations) or patient-reported symptoms (symptom-based 
exacerbations). Event-based exacerbations are generally defi ned by prescribed courses of 
prednisolone and/or antibiotics and/or ER visits and hospital admissions, extracted from 
medical fi les. Symptom-based exacerbations are generally defi ned using an algorithm based 
on patients’ diary cards of experienced symptoms. 

Self-management of COPD exacerbations 

Prompt treatment of exacerbations may prevent exacerbations to escalate, leading to faster 
recovery29,30 and less hospital (re)admissions.30,31 Since hospital admissions can be rather 
distressing for patients and are costly for society, it is important that exacerbations are 
identifi ed and treated at the earliest possible stage. To achieve this, patients must recognise 
an imminent exacerbation and respond to it with proper and timely action. However, many 
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patients do not respond by contacting their healthcare professional in time.18,30,31 Moreover, 
research has shown that 40 to 70% of exacerbations is not reported to healthcare professionals 
at all.18-20,30 These unreported exacerbations do have a negative impact on health status,19,20,30

and bear an increased risk of emergency hospitalisation.30

A qualitative study by Korpershoek et al. explored determinants of adequate exacerbation 
self-management behaviour, which included acceptance of COPD, knowledge of, and 
previous experience with exacerbations, perceived severity of symptoms, and perceived social 
support.32 Patients reported diffi  culties in recognising exacerbations due to habituation to 
symptoms and heterogeneity of exacerbations. Whether or not action was taken depended 
on patient beliefs, self-effi  cacy, fear, and trust in the healthcare professional and treatment.32

Many self-management interventions have been developed to improve early recognition 
and swift response of patients to an imminent exacerbation. An international panel of COPD 
self-management experts defi ned a self-management intervention as ‘a structured but 
personalised and often multi-component intervention, with goals of motivating, engaging 
and supporting patients to positively adapt their health behaviour(s) and develop skills to 
better manage their disease’.33

Although the content of intervention programs on COPD exacerbation self-management 
varies widely, most are aimed at improving patients’ knowledge and self-effi  cacy. Generally, 
this is accomplished by patient education on exacerbations during consultation hours, 
followed by an exacerbation action plan for use at home. These action plans are individualised 
paper or digital documents, that provide an overview of alarming symptoms and appropriate 
actions to take. Research has shown that the use of exacerbation action plans may reduce 
respiratory-related hospital admissions34-36 and recovery time,29,37-39 and may improve health-
related quality of life.34

Limitations in the current support of COPD exacerbation self-management

Increased attention for COPD exacerbation self-management and the development and 
implementation of new intervention programs in recent years has likely contributed to a 
reduction of the impact of exacerbations on patients and society.40 However, to reach the 
maximum eff ect of exacerbation self-management support, interventions should be optimally 
tailored to the needs of the individual patient.33

With respect to patient-tailored care, in the current approach to COPD exacerbation self-
management there appears to be room for improvement in 1) the way clinicians and 
researchers defi ne and measure outcomes of exacerbation self-management, 2) the way 
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patients are supported in exacerbation self-management at home, and 3) the way clinicians 
support behaviour change in patients. 

1) Outcome measures for COPD exacerbation self-management
In the management of COPD exacerbations clinicians mainly aim at reducing the number of 
exacerbations. For example, in current national COPD guidelines the prescriptions of inhaled 
corticosteroids to prevent exacerbations is limited to those patients who experience two or 
more exacerbations per year.27 In the international GOLD guideline, exacerbation frequency is 
one of the main criteria in the so-called ABCD assessment tool to guide therapy.1

Also, in scientifi c research on the eff ects of COPD self-management interventions, exacerbation 
frequency is often used as a primary or secondary outcome measure. However, it can be 
questioned whether exacerbation frequency is the most appropriate outcome measure 
to evaluate the eff ects of COPD self-management in clinical practice or scientifi c research. 
Self-management programs target at reducing patient-delay, with timely action. This may 
reduce the duration of the exacerbation and prevent escalation,29-31 but does not prevent the 
exacerbation itself. Previous research has shown that there is a wide variety in the duration 
of exacerbations, thereby refl ecting the heterogeneity among COPD patients.13,41 Also, it 
may take longer to recover from an exacerbation when the disease progresses.42 Prolonged 
exacerbation duration is associated with poorer health status and a greater risk of a new 
event.14

These fi ndings suggest that exacerbation duration may be a good supplement to exacerbation 
frequency as a more patient-centred outcome measure in COPD self-management 
intervention studies. However, there is a lack of scientifi c evidence on how exacerbation 
duration is related to exacerbation frequency and how these two outcome measures are 
related to quality of life. 

2) Support tools for COPD exacerbation self-management
Despite the positive results of some studies on exacerbation action plans in terms of 
respiratory-related hospital admissions,34,35 recovery time,29,37-39 and health-related quality of 
life,34 the results of most studies are equivocal.34 An important explanation for this could be 
patients’ (non-)adherence to the exacerbation action plan. Obviously, providing a patient with 
an action plan does not guarantee the patient will actually use it at the proper time, or use 
it at all. It has been shown that patients were adherent to their action plan in only 40% of 
the exacerbations in a secondary care setting.29 In a primary care setting, patients followed 
the instructions to increase the use of their bronchodilator in only 43% of the exacerbations, 
and in only 13% they followed the advice to contact their healthcare professional.43 These 
results are in line with the results of Bucknall et al., who showed that 42% of the patients 
in a community-based self-management intervention group could be considered ‘successful 
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self-managers’ according to the use of their action plan.31 The results of these studies imply 
that there may be substantial room for improvement in the eff ects of exacerbation self-
management interventions by improving adherence to self-management instructions.

New approaches such as the use of eHealth technologies are promising. In recent years, 
much attention has been paid to the development of digital health interventions using a 
computer (e-health) or mobile phone (m-health) to actively monitor patients at home. In 
these interventions, patients digitally provide symptom and/or physiological data and are 
contacted by a healthcare professional when the data indicate that an exacerbation may be 
emerging. Several studies have shown that such remote monitoring may decrease COPD-
related hospital (re)admissions,44-46 exacerbation frequency,47 and quality of life,45 although 
these eff ects are not consistent across studies.44,46,48-50

Although patient adherence to remote monitoring interventions is often good (i.e., patients 
are generally contacted if they do not provide data input),51 active monitoring also has some 
disadvantages. For example, it requires constant attention from a healthcare professional 
and is thus rather time-consuming. More importantly, patients who know that they will be 
contacted in case of a possible emergency may feel less responsible for their own health 
and rely more on healthcare professionals.52 This may result in reduced self-effi  cacy and 
self-management behaviour in monitored patients. Moreover, a sense of security may be 
invoked in patients that may be false, since in most interventions healthcare professionals 
only monitor during offi  ce hours,53 while some exacerbations are rather acute in onset and 
should be treated without delay.

From the perspective of self-management support, patients should be encouraged to 
monitor their own health status and learn how to respond to a worsening of symptoms 
themselves. Hence, there is a need for digital innovations that are user-friendly, non-intrusive 
and personalised, but without heavily relying on a healthcare professional at remote distance. 
However, until now, there is a lack of scientifi cally well-designed and well-evaluated digital 
support tools that can be implemented in daily practice to improve COPD patients’ self-
management.

3) Support of behaviour change
Regardless of how supportive and user-friendly a digital intervention may be, the patient still 
has to use it to be able to benefi t from it. In other words, self-management comes down to 
behaviour and behaviour change. Behaviour change and maintenance of new behaviour are 
not easy to accomplish. 

In COPD care, Bandura’s self-effi  cacy theory of behavioural change54 is often applied. Self-
effi  cacy is a person’s belief that he or she is able to cope with the situation at hand. Higher 
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self-effi  cacy in the specifi c area leads to more active coping and perseverance, which will 
likely lead to positive results.54 Logically, when a patient experiences positive results from a 
particular new behaviour this further strengthens self-effi  cacy, and leads to lasting behaviour 
change. In COPD exacerbation management, the aim of providing patient education and 
exacerbation action plans is to improve self-effi  cacy. 

Although self-effi  cacy is important, it is not the only determinant of behaviour change. Besides 
the confi dence that a person can change behaviour (i.e. self-effi  cacy), he or she must also be 
motivated and willing to change behaviour. 

As shown in the cognitive model (see Figure 1), which lies at the root of cognitive-behavioural 
therapy, cognition (e.g. self-effi  cacy) infl uences behaviour, aff ect and physiology, and vice versa.55

Cognition
Thoughts, 

beliefs, etc.

Affect
Emotional 

states

Physiology
Bodily states

Behaviour
What one 

does or says

Person

Environment

Figure 1. The cognitive model.55

Change in one area induces change in the other areas. Although this implies that an 
intervention aimed at one area will have benefi cial eff ects on all, it has also been shown 
that self-management interventions addressing emotional and social aspects are more 
eff ective than interventions targeting only self-management behaviour.56 This is in line with 
an elaborate qualitative systematic review that concluded that negative emotions, such as 
frustration and depression have a de-motivating eff ect on self-management.57 It is also known 
that depression is related to medication non-adherence,58,59 and that 24.6%60 to 27.1%61 of 
patients with COPD suff er from depression. 
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Russel et al. concluded that healthcare professionals and self-management interventions 
should focus more on emotional and mental needs of patients, besides providing education 
on COPD.57  However, Newham et al. found that patients often do not come forward with 
a need for emotional or mental support because of feelings of shame, guilt, or burdening 
others, and that practitioners lack the time, skills or confi dence to address emotional issues.56

These fi ndings could explain why comprehensive COPD self-management interventions, 
such as the Living Well with COPD programme that includes education and skills training, still 
have moderate to low adherence, as they do not specifi cally address negative emotions.31,43

One method that addresses emotions in relation to behaviour change is motivational 
interviewing. This method, originating from cognitive behavioural therapy, can be used in 
healthcare to motivate patients to engage in self-management.62 Because it takes relatively 
little time and expertise compared to other cognitive behavioural therapies that are used 
by psychologists, motivational interviewing is increasingly deployed in healthcare by trained 
nurses and practice assistants,63 also in the education on the use of COPD exacerbation action 
plans.31,43 However, motivational interviewing is specifi cally aimed at behaviour change, and 
does not address the grieving process that often underlies the negative feelings.

This grieving process in COPD is triggered by the increasing impairments and experiences 
of losses in all areas of life, caused by the incurable and slowly progressive nature of the 
disease.64 Acceptance is the fi nal stage of the grieving process, and several studies mention 
the importance of acceptance of the disease as a vital condition for adequate COPD self-
management and adherence.32,64-67 As acceptance is positively related to self-management 
behaviour, being stuck in the stages preceding acceptance may aff ect patients’ self-
management behaviour negatively, since negative emotions, such as depressed mood and 
frustration, dominate these stages.64,67

Addressing the grieving process of patients in COPD care could benefi t their motivation in 
achieving adequate self-management behaviour.64 However, in order to gain insight in the 
grieving process of COPD patients, there is a need for a validated tool for use in daily clinical 
practice. 
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Objectives of this thesis

Given the importance of reducing the impact of COPD exacerbations on patients and society, 
the overall aim of the research on which this thesis is based is to improve measurement of 
exacerbations and patient-tailored support of COPD exacerbation self-management. More 
specifi cally, the following three objectives are addressed in this thesis:
1. Improve patient-centeredness in outcome measures related to COPD exacerbation self-

management support.
2. Improve patient-tailored support of COPD exacerbation self-management at home.
3. Improve support of behaviour change related to COPD exacerbation self-management.

Outline of this thesis

Chapter 2 and Chapter 3 address innovative ways of how to measure and defi ne patient-
centred outcome measures related to COPD exacerbation self-management support. 
Chapter 2 reports on the validation of an automated telephonic assessment system to collect 
information on exacerbation-related symptom changes in patients with COPD. Chapter 3
explores how the duration of exacerbations, expressed as exacerbation-free time, is related to 
the more conventional outcome measure exacerbation frequency and to health status. 

Chapter 4 and Chapter 5 address a ‘smart’ m-health tool to support exacerbation self-
management for COPD patients to be used at home. Chapter 4 describes the validation 
of this m-health tool, which integrates artifi cial intelligence (i.e. a Bayesian network model) 
for COPD exacerbation detection and clinical expert opinion for automated exacerbation 
treatment advice. In Chapter 5 the eff ects of the m-health tool are studied in a randomised 
controlled trial. 

Chapter 6 describes the validation of the Acceptance of Disease and Impairments Questionnaire
(ADIQ), a questionnaire that has been developed to measure stages of grief in patients with 
COPD, which may improve patient-tailored communication about emotions and behaviour 
change, and thus support eff ective self-management. 
Finally, in Chapter 7, the preceding chapters are discussed in the light of previous research 
and future perspectives.
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Abstract

Background
Current tools for recording chronic obstructive pulmonary disease (COPD) exacerbations are 
limited and often lack validity testing. We assessed the validity of an automated telephonic 
exacerbation assessment system (TEXAS) and compared its outcomes with existing tools.

Methods
Over 12 months, 86 COPD patients (22.1% female; mean age 66.5 years, mean post 
bronchodilator forced expiratory volume in 1 s 53.4% predicted) were called once every 
two weeks by TEXAS to record changes in respiratory symptoms, unscheduled healthcare 
utilisation, and use of respiratory medication. The responses to TEXAS were validated against 
exacerbation-related information collected by observations made by trained research 
assistants during home visits. No care assistance was provided in any way. Diagnostic test 
characteristics were estimated using commonly used defi nitions of exacerbation. Detection 
rates, compliance, and patient preference were assessed and compared with paper diary 
cards and medical record review. 

Results
A total of 1,824 successful calls were recorded of which 292 were verifi ed by home visits 
(median: four calls per patient, interquartile range three to fi ve calls per patient). Independent 
of the exacerbation defi nition used, validity was high with sensitivities and specifi cities 
between 66% and 98%. Detection rates and compliance diff ered extensively between the 
diff erent tools, but were highest with TEXAS. Patient preference did not diff er.

Conclusions
TEXAS is a valid tool to assess COPD exacerbation rates in prospective clinical studies. Using 
diff erent tools to record exacerbations strongly aff ects exacerbation occurrence rates.
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Introduction

Exacerbations of chronic obstructive pulmonary disease (COPD) are acute episodes of 
sustained symptom aggravation that can prolong for several days to weeks,1 strongly impair 
health-related quality of life,2-4 and contribute substantially to COPD-related costs.5,6 The 
burden of exacerbations indicates a growing need to better focus on their prevention and 
management. Hence, the attention of researchers has shifted from lung function decline as 
the primary outcome of interest to occurrence of exacerbations.7

Despite the emerging importance of exacerbation as a study outcome, there is still no 
generally accepted defi nition of exacerbation. Recently, much attention has been paid to 
the substantial variety in both symptom- and event-based defi nitions and in particular to 
the impact of using diff erent algorithms on exacerbation outcomes in clinical trials.8,9 So far, 
surprisingly little attention has been paid to the tools with which exacerbations are actually 
‘measured’. Studies on exacerbation outcomes often fail to provide a detailed description 
of the precise tools that were used to detect exacerbations. Moreover, exacerbation 
measurement tools often lack validity testing. Currently, we do not know the impact of using 
diff erent recording strategies on exacerbation rates. Commonly used methods are based on 
periodic (retrospective) questionnaires, patient diary cards and medical record review.10-12

These methods of data collection all have in common that they are rather time consuming for 
patients and/or researchers, often at the expense of patients’ compliance. The introduction of 
electronic diaries is a promising development,13 although their validity should be tested fi rst 
before they can be recommended for use in clinical COPD research.

In the current study we assessed the validity of a recently developed automated telephonic 
system (TEXAS) to record exacerbations in prospective clinical studies. We also assessed 
the system’s exacerbation detection rate, patient compliance, and patient preference and 
compared these outcomes with two conventional exacerbation recording methods, i.e. paper 
diary cards and medical record review. We hypothesised that using diff erent tools to record 
COPD exacerbations would have an impact on exacerbation rates, even when a uniform 
defi nition of exacerbation is applied.

Methods

Study design and population
This study was a 1-yr prospective cohort study in which 86 patients with moderate to severe 
COPD14 were included. Our cohort size resembled the cohort size used in the East-London 
studies on exacerbation outcomes.1,4 With an expected exacerbation frequency of 2.5 
exacerbations per patient per year,15 the number of patients would be suffi  cient to obtain 
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meaningful estimates regarding the validity of TEXAS. Recruitment took place between 
August 2006 and October 2007 in patients who had participated in a previous COPD study16 or 
regular pulmonary rehabilitation programmes at the Dept of Pulmonary Diseases (Radboud 
University Nijmegen Medical Centre, Nijmegen, the Netherlands). 

Inclusion criteria were: chest physician confi rmed diagnosis of COPD with GOLD-stage 
II or III; age ≥40 years; and no exacerbations in the previous four weeks. Exclusion criteria 
included severe comorbid conditions with a reduced life expectancy; travelling distance to 
the study centre >30 minutes; inability to speak Dutch; telephone incompatible with system 
requirements, and, in the latter case, patients not willing to switch to another telephone as 
off ered by the investigators. 

The study was approved by the Medical Ethics Committee (Arnhem-Nijmegen, the 
Netherlands; approval number 2006/081). All participants gave written informed consent.

TEXAS
We have recently developed the Nijmegen TEXAS to record COPD exacerbation-related items 
in prospective clinical trials. This system consists of questions regarding changes in respiratory 
symptoms, use of healthcare resources, and use of respiratory medication in the two weeks 
prior to the call (see online supplementary material). The questions are based on common 
and recommended defi nitions of exacerbation, i.e. symptom-based exacerbations and event-
based exacerbations.8 Once every two weeks, a patient with COPD receives an automated 
telephone call with a real-life voice on the day and time of his/her own preference. If the call 
cannot be answered a new attempt is made up to four times in the following hour. Prior to the 
current study, we pre-tested TEXAS in a small group of COPD patients (n=8) and healthcare 
professionals (n=9) and, as a consequence, made minor adjustments to the structure and 
contents of the system.

Study defi nitions of exacerbation
TEXAS enables researchers to detect exacerbations based on various existing defi nitions. We 
used four of the most common and generally accepted defi nitions of exacerbation, i.e. two 
‘symptom-based’ and two ‘event-based’ defi nitions (table 1). The symptom-based defi nitions 
were based on the concept of major (dypnoea, sputum purulence, sputum amount) and minor 
symptoms (common cold, wheeze, sore throat, cough).1,17 We used exacerbation defi nition A 
as our primary defi nition as this is the most often used defi nition in COPD studies (it has, for 
instance, been used consistently in all East-London Cohort study reports.1,4,18 Defi nition B has 
recently been used in studies on the self-treatment of acute exacerbations.19,20 The two event-
based defi nitions were modifi ed from recent COPD landmark trials.21-23
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Table 1. Study defi nitions of exacerbation 

Exacerbation 
defi nition

Category Criteria

A Symptom-based A change for at least two consecutive days in either two 
or more major symptoms (dyspnoea, sputum purulence 
and sputum amount) or any one major symptom plus any 
one or more minor symptoms (colds, wheeze, sore throat 
and cough) 

B Symptom-based A change for at least two consecutive days in two or more 
major symptoms (dyspnoea, sputum purulence and 
sputum amount) 

C Event-based A worsening of respiratory symptoms for which the 
patient initiates a course of prednisolone and/or 
antibiotics

D Event-based A worsening of respiratory symptoms for which the 
patient pays an unscheduled visit to a general practitioner 
or a chest physician (including emergency service or 
outpatient clinic)

Procedures
Baseline assessment included mapping of demographic characteristics, respiratory symptoms, 
smoking history, respiratory medication use, and spirometry before and after administration 
of 400 micrograms salbutamol via a Volumatic® spacer (GlaxoSmithKline, Uxbridge, UK). All 
participants were instructed how to respond to the TEXAS calls, and received a laminated 
summary card with the precise questions and response categories for the calls. Participants 
were also instructed how to use a weekly paper diary card (conventional recording method) 
containing questions about changes in respiratory symptoms, use of respiratory medication 
and use of unscheduled healthcare services (see online supplementary material). After two 
weeks, participants’ experiences with and handling of the TEXAS calls were reviewed and the 
formal observation period started. During the study, the results of the calls were monitored on 
a website which has specifi cally been designed for the study. This enabled us to contact the 
patient when two or more consecutive call days showed missing data.

Observations made during home visits by lung function technicians served as gold standard; 
with the information collected, the responses of the patients to TEXAS could be verifi ed. The 
technicians were employed at the Dept of Pulmonary Diseases, and were equally experienced 
in interviewing COPD patients and measuring their lung function. Home visits included 
spirometry (data not shown) and a standardised interview including questions about changes 
in respiratory symptoms, use of respiratory medication, and unscheduled healthcare utilisation 
in the preceding two weeks. The interviews consisted of more questions than TEXAS, and 
the questions that were also asked in TEXAS were put in a diff erent order. All calls that met 
exacerbation defi nition A were considered positive and were followed by a home visit. For 
each participant, two randomly selected negative calls were also followed by home visits 



Chapter 2

30

to serve as negative control episodes. These visits were scheduled at least four weeks after a 
positive call. Home visits were scheduled within three days of a positive or negative call. The 
visiting technicians were not informed whether the call had been positive or negative for an 
exacerbation. 

Copies of patients’ medical records were requested from the patients’ general practitioners 
and chest physicians at the end of follow-up. Two investigators (E.W.M.A. Bischoff  and J. 
Molema) independently extracted exacerbations from the combined medical records using 
standardised exacerbation extraction forms based on the four defi nitions as displayed in 
table 1 (interobserver variability: Cohen’s k 0.82-0.94). The completed paper diary cards were 
collected on a monthly basis using pre-paid return envelopes. At the end of follow-up, all 
participants completed a short questionnaire to review their experiences with TEXAS (see 
online supplementary material).

Analyses
A new exacerbation event was defi ned as an event that was preceded by two weeks in which 
no major symptoms had changed (symptom-based defi nitions) or no use of antibiotics 
and/or prednisolone, or unscheduled physician contacts had been recorded (event-based 
defi nitions). Exacerbation recovery was defi ned as a period of at least two weeks in which no 
worsening of any major symptom or use of antibiotics, prednisone or healthcare services was 
reported after a previous period in which either one or more major symptoms had worsened 
or oral medication or healthcare services were used. If an event was preceded by missing data, 
the event was considered as missing and excluded from further analysis.

Common diagnostic test characteristics (sensitivity, specifi city, and positive and negative 
predictive values,24 with 95% confi dence intervals) were calculated to establish the diagnostic 
validity of the TEXAS calls relative to the gold standard, i.e. the information collected during 
the home visits. Diagnostic odds ratios were estimated by logistic mixed models via residual 
pseudo-likelihood with subject as random eff ect. Diagnostic test characteristics and odds 
ratios were calculated for all four study defi nitions of exacerbation (table 1).

We counted the number of exacerbations recorded by TEXAS, using the paper diary cards 
and the combined medical records for each exacerbation defi nition. To adjust for the eff ect 
of diff erences in follow-up time we used a time-weighted statistical approach.25 Exacerbation 
rates were expressed as number of exacerbations per patient per year, and were compared 
between TEXAS and the diary cards, and TEXAS and the medical records, using weighted rate 
ratios.26 Statistical signifi cance was tested using a negative binominal regression analysis.26 

Compliance was calculated by counting the complete, incomplete and missing TEXAS calls 
and paper diaries. Paired t-tests were used to compare patients’ compliance and preferences 
between TEXAS and the diary cards. 
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SPSS version 16.0.2 (SPSS Inc., Chicago, IL, USA) was used to calculate the diagnostic test 
characteristics and paired t-tests. SAS version 9.2 for Windows (SAS Institute Inc., Cary, NC, USA, 
1999-2001) was used for regression analyses. We considered p<0.05 as statistically signifi cant.

Results

Study population
Of the 86 patients who started in the study, fi ve (5.8%) patients withdrew their participation 
during the observation period (fi g. 1). The total time of follow-up was 4,226 weeks, or 49.1 
weeks per patient. Table 2 shows the characteristics of the study population at baseline. 
The majority of the patients were male. Most patients were ex-smokers, and were using a 
combination of a long-acting bronchodilating agent and an inhaled corticosteroid. 

Process of TEXAS calls
Overall, 2,850 call attempts were made on 2,078 scheduled call days (mean ± SD: 24.2 ± 3.8 
call days per patient). On 1,572 (75.6%) days a call received input from the patient at the fi rst 
attempt; on 252 (12.1%) days, input was received after several attempts; and on 254 (12.2%) 
days, there was no input. Reasons for not providing input were hospitalisation (11 call days), 
not willing to be called during holidays (43 call days), not able/willing to answer the call (26 
call days), or unknown reasons (174 call days). So, a total of 1,824 (87.8%) call days resulted 
in useful data entry and were therefore considered successful. The mean ±SD duration of a 
successful call was 192.8 ±45.6 seconds. 

Validity of TEXAS
Eighty-one patients received 292 home visits (median of four visits per patient, interquartile 
range three to fi ve visits per patient). Five patients did not report any symptom changes that 
matched exacerbation defi nition A during their observation period. Two home visits were 
excluded due to incomplete interview data. Mean ±SD time between date of the TEXAS call 
and date of the home visit was 2.3 ±1.4 days. One hundred and ninety (65.1%) home visits 
were scheduled following a call that met exacerbation defi nition A. In 156 (82.1%) of these 
visits, the interview data matched the responses of the patients to TEXAS. Table 3 shows the 
diagnostic test characteristics of TEXAS using the various study defi nitions of exacerbation. 
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Figure 1. Flow chart of participants in the study. 

COPD: chronic obstructive pulmonary disease. #: the training period enabled participants to become familiar with 
responding to the telephonic exacerbation assessment system (TEXAS) and completing paper diaries; after 2 weeks, 
participants’ experiences with and handling of the TEXAS calls and the paper diaries were reviewed and the formal 
observation period started. ¶: fi ve patients did not report any symptom changes that matched exacerbation defi nition 
A; +: medical records of two patients excluded due to incomplete data, both chest physician and general practitioner 
medical records were missing. 
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Table 2. Baseline characteristics of the study population#

Characteristic Data at baseline

Age yrs 66.5 ±8.7

Females 19 (22.1)

Current smokers 13 (15.1) 

Post-BD FEV1 L 1.53 ±0.56

Post-BD FEV1 % pred 53.4 ±17.4

Post-BD FEV1/FVC 42.2 ±11.8

MRC dyspnoea score¶

1 24 (29.6)

2 21 (25.9)

≥ 3 31 (38.3)

BMI, kg·m-2 26.0 ±4.1

Comorbidities

Cardiac disease 16 (19.8)

Musculoskeletal disorders 8 (9.9)

Psychiatric disorders 3 (3.7)

Respiratory medication

Only SABA 2 (2.4)

LABA or ICS 15 (18.3)

LABA and ICS 65 (79.3)

Data are presented as mean ±SD or n (%). BD: bronchodilator; FEV1: forced expiratory volume in 1; % pred: % predicted; 
FVC: forced vital capacity; MRC: Medical Research Council; BMI: body mass index; SABA: short-acting bronchodilator; 
LABA: long-acting bronchodilator; ICS: inhaled corticosteroid.
#: n=86; ¶: out of fi ve.

Table 3. Diagnostic test characteristics of the telephonic exacerbation assessment system with home visits 
as the gold standard, using diff erent defi nitions of exacerbation 

Exacerbation 
defi nition#

Sensitivity
% (95% CI)

Specifi city
% (95% CI)

PPV
% (95% CI)

NPV
% (95% CI)

DOR 
(95% CI)

Symptom-based

Defi nition A 91.2
(85.7-94.8)

71.4 
(62.3-79.1)

82.1
(75.7–87.1)

85.0
 (76.1-91.1)

26.0 
(13.4–50.6)

Defi nition B 84.5
(76.1–90.5)

82.8
(76.3–87.8)

75.0
(66.3–82.1)

89.8
(83.9–93.8)

26.3
(13.7–50.3)

Event-based

Defi nition C 81.5
(68.1–90.3)

94.9
(91.1–97.2)

78.6
(65.2–88.0)

95.7
(92.1–97.8)

82.5 
(33.4–203.8)

Defi nition D 66.2
(53.3–77.1)

97.8
(94.6–99.2)

89.6
(76.6–96.1)

90.9
(86.4–94.1)

86.4 
(30.8–242.1)

PPV: positive predictive value; NPV: negative predictive value; DOR: diagnostic odds ratio. #: defi nitions as in table 1. 
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Regardless of the defi nition used, sensitivity and specifi city of TEXAS were high and varied 
between 66.2% and 97.8%. Sensitivity was lowest and specifi city was highest when using 
exacerbation defi nition D. Diagnostic odds ratios were high, but highest when using event-
based defi nitions. 

Comparison of TEXAS with other tools
At the end of follow-up, 3,378 diary cards, 82 (95.3%) general practitioner medical records, 
and 84 (97.7%) chest physician medical records were received. 15.9% of the exacerbations 
documented in the medical records lacked any data about changes in major or minor 
respiratory symptoms. Table 4 shows the exacerbation rates for the diff erent detection 
methods as well as the rate ratios for TEXAS relative to the paper diary cards and medical 
record review. Compared with the diary card method, counting exacerbations with TEXAS 
resulted in statistically signifi cant higher occurrence rates for defi nitions B and C. Also, TEXAS 
revealed more exacerbations with two or more major symptom changes (defi nition B) that 
were not reported to healthcare professionals compared with the diary cards (47.4% versus 
37.6%, respectively). Compared with the medical record review method, TEXAS resulted in 
signifi cantly higher exacerbation rates for defi nitions A, B, and C.

Table 5 displays patients’ compliance with and preferences for TEXAS compared with the 
diary cards. Overall, compliance with TEXAS was higher than with the diary cards, i.e. more 
registration weeks and more weeks with complete data. The diff erence in the mean number 
of weeks with complete registration per patient was almost one month in the 12 month 
observation period. Seventy-six (88.4%) patients responded to the questionnaire about 
patient’s experiences with TEXAS. Most patients (96.5%) found TEXAS easy to use (data not 
shown), but no signifi cant diff erences in patients’ preferences were observed.

Table 4. Exacerbation rates and rate ratio’s (RRs) of the telephonic exacerbation assessment system (TEXAS) 
compared with paper diary cards and medical record review

Exacerbation 
defi nition#

Exacerbation rate per patient per year RR (95% CI)

TEXAS Diary 
card

Medical record 
review

TEXAS versus 
diary card

TEXAS versus 
medical record 

Symptom-based

Defi nition A 3.21 2.96 0.85 1.08 (0.98–1.20) 3.49 (2.60–4.70)

Defi nition B 2.93 2.18 0.42 1.35 (1.17–1.55) 6.50 (4.39–9.63)

Event-based

Defi nition C 1.95 1.69 1.58 1.17 (1.00–1.36) 1.29 (1.06–1.58)

Defi nition D 1.54 1.36 1.81 1.14 (0.99–1.32) 0.88 (0.73–1.07)
#: defi nitions as in table 1.
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Table 5. Patient compliance and preference comparing the telephonic exacerbation assessment system 
(TEXAS) with diary cards

Compliance TEXAS Diary cards Diff erence

Total registration weeks (% total follow-up) 3648 (86.3) 3378 (79.9) 270 (6.4)

Total weeks with complete registration 
(% total follow up)§

3642 (86.2) 3241 (76.7) 401 (9.5)

Registration weeks per patient 42.4 ±9.3 39.3 ±11.1 3.1 (2.0-4.2) ***

Weeks with complete registration per patient 42.3 ±9.3 38.6 ±9.9 4.08 (3.1-5.1) ***

Patient preference$

Satisfaction score¶ 1.45 (1.51) 1.49 (1.45) -0.04 (-0.26-0.18)^

Preference n (%) 17 (22.4) 14 (18.4) 3 (3.5)

Data are presented as mean ±SD or mean (95% CI), unless otherwise stated. §: Complete registration was defi ned as 
no missing data in the questions regarding changes in major and minor symptoms; $ : data available of 76 patients; 
¶: Score was measured on a 7-point Likert scale varying from -3 (‘I don’t like it at all’) to 3 (‘I like it very much’), where 
score 0 is ‘neutral’; ^: p = 0.720; ***: p < 0.001. 

Discussion

We assessed the validity of TEXAS to record COPD exacerbations in prospective clinical studies 
and compared its detection rate, compliance and patient preference with conventional 
recording methods (weekly paper diary cards and medical record review). The validity 
of TEXAS was high, independent of the exacerbation defi nition used. Detection rates and 
patients’ compliance in providing exacerbation-related information diff ered signifi cantly 
between the recording strategies, but were highest with TEXAS. Patient preference did not 
diff er signifi cantly between TEXAS and the paper diary cards. 

When assessing the validity of any instrument, deciding on the gold standard (i.e. the generally 
accepted method to measure the outcome) is crucial.27 TEXAS was developed to record 
exacerbations based on common defi nition criteria, such as symptom changes or events.8 

Consequently, we used as our gold standard the information on worsening of symptoms, 
use of oral medication, and/or use of healthcare services that was collected by standardised 
personal interviews by well-trained professionals during home visits. We believe that this was 
(and still is) the best available procedure to address our primary study objective. 

As the defi nition of exacerbation has an impact on the eff ect size of interventions,8,9 we 
assumed that it would also aff ect the validity of our detection method. Therefore, we used 
four diff erent but commonly used defi nitions of exacerbation. Overall, the validity of TEXAS 
was high, but it did diff er between the respective exacerbation defi nitions. Positive predictive 
values varied between 75% (symptom-based defi nition) and 90% (event-based defi nition), 
which indicates a potential but small number of false-positive exacerbations, particularly 
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when using symptom-based defi nitions. With negative predictive values of more than 85%, 
only few true exacerbations will be missed. The diff erences in sensitivity suggest that patients 
were more prone to record symptom changes than use of healthcare services (sensitivity 
of 91.2% versus 66.2%, respectively), which makes TEXAS less suitable to detect this type of 
event-based exacerbations. The diff erences in specifi city suggest that patients may perform 
better in recording the absence of healthcare utilisation than the absence of symptom 
deterioration (specifi city of 97.8 versus 71.4, respectively). 

To further evaluate the validity of TEXAS, our results should be compared with other studies. 
Recently, the Exacerbations of Chronic Pulmonary Disease Tool (EXACT) patient-reported 
outcome (PRO) electronic diary has been developed to measure exacerbation frequency, 
duration, and severity.28 EXACT-PRO introduces a new concept of exacerbation, which makes it 
the best available method to give insight into the clinical course of an exacerbation. However, 
exacerbations measured with EXACT-PRO cannot simply be compared with exacerbations 
based on other defi nitions. Obviously, this is a benefi t of TEXAS; its content has been based 
on existing and commonly accepted defi nitions of exacerbation. However, unlike EXACT-PRO, 
TEXAS fails to provide detailed information on the precise duration and the day-to-day clinical 
course of an exacerbation.

We demonstrated that the use of diff erent detection methods can result in diff erent 
exacerbation rates. This is important information in view of the interpretation of studies that use 
exacerbation rates as an outcome. The low number of symptom-based exacerbations retrieved 
from the medical records should be interpreted with caution as the general practitioners and 
chest physicians were not instructed a priori how to record symptom-related items. Also, 
when defi ning exacerbation as the use of prescriptions of antibiotics and/or prednisolone, 
exacerbation rates were lowest with the medical records review method. This may have been 
caused by the use of standing prescriptions to support exacerbation self-management by 
patients. With TEXAS, exacerbation rates based on symptoms were much higher than based 
on unscheduled healthcare utilisation. This is consistent with previous studies that showed 
that only half of the exacerbations are reported to healthcare professionals.1,29 

The higher exacerbation detection rates of TEXAS may be related to the higher compliance 
rate. With TEXAS, patients had one additional month of complete registration data and, as a 
consequence, of capturing exacerbations compared to the paper diary cards. We adjusted the 
exacerbation rate for diff erences in study follow-up time (time weighted approach),25,26 but 
believe that adjusting for compliance would provide a better estimate of the exacerbation rate. 
The high compliance is consistent with a previous study on compliance with paper and electronic 
diaries,30 and can be explained by the benefi ts of the system, i.e. it requires less self-discipline, 
patients are called on their preferred day and time, and when using mobile telephones, patients 
do not have to stay at home. Although not statistically signifi cant, more patients preferred TEXAS 
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compared to the diary cards. A benefi t for researchers is the automated data collection, which 
diminishes the costs usually spend on manual data collection, i.e. sending and receiving paper 
diaries, and manually entering and cleaning data in a database. 

In recent years the use of telephone devices as instrument to capture exacerbations has 
rapidly evolved in COPD care. Telehealthcare for COPD seems to have the potential to aff ect 
the quality of life of patients and the frequency of emergency department visits.31 Before we 
can recommend TEXAS as an instrument for telemonitoring or self-management purposes 
(i.e. rapid intervention when an exacerbation is imminent), it should be tested in a controlled 
study that has been specifi cally designed for this objective.

Our current study has several limitations. First, it may have been aff ected by bias. Diagnostic 
suspicion bias was prevented by blinding the technicians who performed the home visits 
regarding the responses of the patients to TEXAS. However, our results may have been 
infl uenced by incorporation bias, as, inevitably, the questions that make up TEXAS were 
comparable with the questions asked during the home visits. By asking more questions than 
within TEXAS and by changing the order of the questions during the home visit interviews, 
we believe that this type of bias has been limited. Secondly, TEXAS is not a daily dairy card, 
but measures exacerbations once every two weeks. Hence, when using TEXAS, researchers 
are unable to detect the exact start and end dates of an exacerbation. Additionally, the time-
frame of two weeks may have introduced recall bias, which may have had more impact on 
exacerbations based on symptom changes than on the use of healthcare services. Thirdly, 
with more than 1,600 negative calls, it was not realistic to perform a home visit after every 
call that did not meet our exacerbation defi nition. Therefore, we verifi ed the absence of an 
exacerbation in two random negative calls per patient. We believe that this has resulted in an 
accurate estimate of the diagnostic test characteristics.  

In conclusion, this study shows that TEXAS is a valid method to detect exacerbations in 
prospective clinical COPD studies. Its exacerbation rates and compliance appear to be higher 
than those of conventional detection methods. The diff erences in exacerbation rates between 
the diff erent detection tools indicate that the recording strategy should be taken into account 
when comparing study results on exacerbation outcomes. Future studies should, therefore, 
provide at least a detailed description of the exacerbation recording procedure.
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Supplementary material

Contents of TEXAS call

Introduction:

This call is only meant for mr/mrs ..name.. Are you mr/mrs ..name..? press 1

Can you please hand the phone over to mr/mrs ..name.. ? press 2

Do you want us to call you back on a diff erent day or time? press 3

The following questions concern your respiratory symptoms:

During the last two weeks, did you experience any events of two or more days on which ...

1. … you were shorter of breath than usual?  1=YES / 2=NO

2. … you had more sputum than usual? 1=YES / 2=NO

3. … your sputum was diff erent in color or composition than usual? 1=YES / 2=NO

4. … you experienced more wheezing or your chest felt tighter? 1=YES / 2=NO

5. … you had a sore throat? 1=YES / 2=NO

6. … you had to cough more than usual? 1=YES / 2=NO

7. … you had a cold or runny nose? 1=YES / 2=NO

8. … you used more puff s of your bronchodilator than usual? 1=YES / 2=NO

9. During the last two weeks, did you initiate a course of prednisolone or 
antibiotics because of a worsening of your respiratory symptoms? 

1=YES / 2=NO

10. Did you experience days on which you were not able to perform your usual 

daily activities?

1=YES / 2=NO

10.b On how many days did you experience this? PRESS THE NUMBER OF DAYS AND END WITH  #

11. During the last two weeks did you need unscheduled medical attention 

because of a worsening of your respiratory symptoms?

1=YES / 2=NO

11.b If so, did you visit your general practioner? press 1

Or did you visit the Emergency Department? press 2

Or did you visit the GP after-hour service? press 3

Or did you visit more than one of the above mentioned care providers? press 4

12. Do you have any additional information or do you want to leave a message 

for the researchers? Please note: with this call you cannot ask any question 

to your doctor  

1=YES / 2=NO

Thank you for answering this call. We will call you back in 14 days. 
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TEXAS Evaluation Form

1. Did you fi nd TEXAS easy to use?
 No
 Rather easy
 Yes

2.    Did you experience any problems with the call system? 
For example, did you experience not being called on the day or time of your preference, 
that the connection was ended or that you could not hear the telephone voice? 

No
Only once
More than once
Often
Very often

3. How do you like being called once every two weeks? 

-3 -2 -1 0 1 2 3

I don’t like it at all               I like it very much

4. How do you like fi lling in a diary card once a week?

-3 -2 -1 0 1 2 3

I don’t like it at all               I like it very much

5. Which method of data collection do you prefer? 
 TEXAS
 The diary cards
 No preference 
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Abstract 

Background
COPD exacerbations are commonly quantifi ed as rate per year. However, the total amount 
of time a patient suff ers from exacerbations may be stronger related to his or her disease 
burden than just counting exacerbation episodes. In this study, we examined the relationship 
between exacerbation frequency and exacerbation-free time, and their associations with 
baseline characteristics and health-related quality of life.

Methods
A total of 166 COPD patients reported symptom changes during 12 months. Symptom-
defi ned exacerbation episodes were correlated to the number of exacerbation-free weeks 
per year. Analysis of covariance was used to examine the eff ects of baseline characteristics on 
annual exacerbation frequency and exacerbation-free weeks, Spearman’s rank correlations to 
examine associations between the two methods to express exacerbations and the Chronic 
Respiratory Questionnaire (CRQ). 

Results
The correlation between exacerbation frequency and exacerbation-free weeks was -0.71 
(p<0.001). However, among frequent exacerbators (i.e., ≥3 exacerbations/year, n=113) the 
correlation was weak (r=-0.25; p<0.01). Smokers had less exacerbation-free weeks than non-
smokers (β=-5.709, p<0.05). More exacerbation-free weeks were related to better CRQ Total 
(r=0.22, p<0.05), Mastery (r=0.22, p<0.05), and Fatigue (r=0.23, p<0.05) scores, whereas no 
signifi cant associations were found between exacerbation frequency and CRQ scores. 

Conclusions
In COPD patients with frequent exacerbations, there is substantial variation in exacerbation-
free time. Exacerbation-free time may better refl ect the burden of exacerbations in patients 
with COPD than exacerbation frequency does.
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Introduction

Many patients with Chronic Obstructive Pulmonary Disease (COPD) experience exacerbations, 
which are defi ned as ‘sustained worsenings of the patient’s condition from the stable state, 
and beyond normal day-to-day variation, that are acute in onset and necessitate a change 
in regular medication’.1 Exacerbations lead to accelerated decline in lung function2,3 worse 
health status3,4 and increased healthcare utilisation,5 and are the main cause of COPD-related 
hospitalisations6 and mortality.7 In order to decrease the burden of exacerbations, prevention 
and prompt treatment of exacerbations are important goals in COPD patient management.8

Intervention studies in COPD often assess exacerbation frequency (i.e., a simple count of the 
number of exacerbation episodes within a certain time frame, usually a year) as a primary 
outcome measure. However, measuring just the frequency of exacerbations has limitations. 
First, the defi nitions and algorithms used to calculate exacerbation frequency vary considerably 
between studies, and the choice for a particular defi nition or algorithm may infl uence the 
results substantially.9,10 Also, exacerbation frequency may not be the most appropriate 
measure in every study. For example, interventions that focus on improving exacerbation self-
management are not so much designed to prevent the occurrence of exacerbations, but to 
shorten the duration of an exacerbation and prevent its further escalation by early recognition 
and prompt treatment.11,12 Furthermore, exacerbation frequency is used in clinical settings to 
categorize COPD severity or to select patients for particular treatment options (for instance 
inhaled corticosteroids or long-acting bronchodilators), but is only moderately related to 
patient-reported outcomes such as quality of life.13,14

Duration of exacerbations is rarely used as an outcome measure, although it can vary widely 
between exacerbations and between patients.2,15-17 Donaldson and colleagues2 have shown 
that prolonged exacerbation recovery time leads to poorer health status and higher risk 
for subsequent exacerbations. Thus, to focus on duration of exacerbations instead of their 
frequency is an interesting concept, which may add to the understanding of the impact of 
exacerbations on patients with COPD. In a recent statement, the American Thoracic Society 
and European Respiratory Society encourage researchers to search for more patient-centred 
measures, since the relationship between physicians’ clinical goals and patients’ own priorities 
is often weak.18 From the patients’ perspective it may be more appropriate to look at the time 
they are free from exacerbations instead of looking at the time they are suff ering from them.

In the current study, we explored how overall ‘exacerbation-free time’ relates to exacerbation 
frequency in patients with COPD. We also explored whether exacerbation-free time is related 
to patients’ baseline characteristics diff erently than exacerbation frequency is, and how 
these two methods to express exacerbations relate to patients’ health-related quality of life. 
We hypothesised that exacerbation-free time is only moderately correlated to exacerbation 
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frequency, and that exacerbation-free time is more strongly related to health-related quality 
of life than exacerbation frequency is.

Methods

Study design and population
Secondary analyses were performed on data from two studies that were previously 
conducted by our research group. The fi rst study was a 12-month prospective cohort study 
in an outpatient setting in which exacerbation-related data were collected to validate the 
Telephonic EXacerbation Assessment System (TEXAS), an automated telephone system for 
assessing exacerbations in prospective studies.21 Recruitment took place in the Radboud 
university medical center in Nijmegen, the Netherlands in 2006 and 2007. Inclusion criteria 
relevant to the present analysis were: spirometry-confi rmed COPD according to the GOLD 
criteria (i.e. ratio of post-bronchodilator forced expiratory volume in 1 s (FEV1) to forced vital 
capacity (FVC) < 0.70); percentage of predicted FEV1 between 30% and 80%; and age ≥40. 
Patients with a severe comorbid condition with a reduced life expectancy were excluded.21

The second study was a 24-month, three-arm, multi-centre randomised controlled trial (RCT) 
in a primary care setting in which a COPD self-management program was compared with 
programmed routine monitoring and usual care.20 Recruitment took place in 15 general 
practices in the eastern part of the Netherlands between 2004 and 2006. Inclusion criteria 
were post-bronchodilator FEV1/FVC<0.70 and age ≥35. Exclusion criteria were percentage 
of predicted FEV1<30%; treatment by a chest physician; severe comorbid conditions with 
a reduced life expectancy; inability to communicate in the Dutch language (Clinical trials 
registration NCT00128765).20

For the present study, the two data sets were combined, leading to a mixed population of 
primary and secondary care patients with mild to severe COPD (Figure 1). 

Methods were performed in accordance with relevant regulations and guidelines. Both 
studies were approved by the Medical Ethics Committee (Arnhem-Nijmegen, the Netherlands; 
approval numbers 2006/081 and 2004/249, respectively). All patients gave written informed 
consent.
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Start follow-up (n=165) 

Drop out (n=10) Drop out (n=5) 

Start follow-up (n=86) 

12 months of follow-up 
completed (n=155) 

 

12 months of follow-up 
completed (n=81) 

Primary care RCT  Secondary care cofort study 

Excluded from analyses: 
 <70% of TEXAS calls 

completed (n=74) 
 Outliers (n=6)  

Participants for current 
study (n=246) 

Participants used in the 
current analyses (n=166) 

≥70% of TEXAS calls completed 

Figure 1. Flow chart of selection of patients for the current analysis from the two original studies. 

TEXAS: Telephonic EXacerbation Assessment System

Measurements and defi nitions
Sex, age, smoking history, body mass index, lung function, and the Medical Research Council 
(MRC) dyspnoea scale26,27 were assessed at baseline in both studies. The MRC dyspnoea scale 
is a single-item scale that measures functional limitations due to dyspnoea ranging from 0 (‘I 
never get breathless’) to 5 (‘I am too breathless to leave the house’). 

Health-related quality of life (HRQoL) at baseline and 12 months was measured in the 
primary care RCT20 only, using the Chronic Respiratory Questionnaire (CRQ) self-administered 
standardised version.28 The CRQ is a 20-item questionnaire with four sub-domains: dyspnoea, 
fatigue, emotional function, and mastery. Items are scored on a seven-point scale, with higher 
scores indicating better HRQoL. A total score as well as separate domain scores are calculated.

Annual exacerbation frequency and exacerbation-free time. In both studies TEXAS21 was used to 
collect data on respiratory symptom aggravations. TEXAS called the patients every fortnight, 
asking standardised questions about changes in respiratory symptoms, respiratory medication 
use, and contacts with healthcare professionals in the previous two weeks (see Appendix 
1). For every fortnight, an algorithm was used to calculate whether or not an exacerbation 
had occurred. Previously, in the prospective cohort study we established that exacerbation 
frequency could be measured validly using TEXAS every fortnight.21 To verify that the two-
weekly TEXAS data could be converted to exacerbation-free weeks, the weekly conversion 
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was correlated to the weekly paper diary cards that patients completed in that study to 
register exacerbation-related data. The correlation coeffi  cient was very high (Pearson’s r=0.90, 
95%CI 0.86 to 0.94; p<0.001).

In the absence of scientifi c consensus on a symptom-based defi nition, we adopted the 
most commonly used defi nition9 to determine whether or not exacerbations had occurred 
in a particular fortnight: a change for at least two consecutive days in two or more major 
symptoms (dyspnoea, sputum purulence, sputum amount), or a change in any one major 
symptom plus any one or more minor symptoms (common cold, wheeze, sore throat, and 
cough).15,29 After that, exacerbation-free time was defi ned as the inverse of exacerbation 
presence, i.e. the number of weeks without exacerbations (as defi ned above).

Statistical analyses
To create two comparable data sets to merge into one, only the data from the fi rst 12 months 
of the 24-month RCT20 were used. Patients were excluded from analysis if during the 12-month 
time frame <70% of TEXAS calls had been completed. For both exacerbation frequency and 
number of exacerbation-free weeks a mean number per year was calculated. Because TEXAS 
does not allow skipping questions, missing items within calls were not present. A call in which 
an exacerbation was scored (‘exacerbation positive’ call) counted as a new episode when the 
previous call was ‘exacerbation negative’. When the previous call was ‘exacerbation positive’ 
the subsequent positive call was marked as an extension of the same exacerbation episode. 
When due to one or more missing calls it was unclear whether an ‘exacerbation positive’ call 
marked a new episode or was part of the previous exacerbation, it was marked as the same 
exacerbation episode.

A 99% confi dence interval (CI) around the regression line was drawn in a scatter plot of 
exacerbation frequency (i.e., number of exacerbations/year) against exacerbation-free time 
(i.e., exacerbation-free weeks/year). Patients were considered as outliers and excluded from 
further analyses if they reported exacerbations for more than 85% of their follow-up time (see 
Figure 2). To examine the relationship between exacerbation frequency and exacerbation-
free weeks, two-sided Pearson’s correlation coeffi  cients were calculated for the combined 
study population. Because the scatter plot showed an increasing variance in the number of 
exacerbation-free weeks when the annual exacerbation frequency increased, in a subgroup 
analysis, the study population was divided in infrequent (i.e., <3 exacerbations/year) and 
frequent (≥3 exacerbations/year) exacerbators. The cut-off  was set at three exacerbations per 
year based on previous research.30 Two-sided Pearson’s correlations between exacerbation 
frequency and exacerbation-free weeks were calculated for each subgroup.
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Figure 2. Scatter plot of exacerbation frequency (number of exacerbations/year) against exacerbation-free 
time (exacerbation-free weeks/year).

Each dot represents one patient (n=172). Solid dots: patients were considered as outliers and excluded from further 
analyses if they reported exacerbations for more than 85% of their follow-up time (n=6). Dotted line: the study 
population was divided in infrequent (i.e., <3 exacerbations/year) and frequent (≥3 exacerbations/year) exacerbators, 
based on previous research.30

Next, associations between baseline characteristics (age, gender, smoking status, percentage 
of predicted FEV1, body mass index, and MRC dyspnoea score) and exacerbation frequency 
and exacerbation-free weeks were examined using two separate analyses of covariance 
models. Score 0, 4, and 5 of the MRC dyspnoea scale were infrequently reported (four, fi ve, 
and three times, respectively). For statistical purposes, MRC scores 0 and 1 were recoded into 
category 1, score 2 into category 2 and scores 3, 4, and 5 into category 3. Finally, associations 
between exacerbation frequency and exacerbation-free weeks and the CRQ (total score and 
sub-domain scores) at 12 months of follow-up were examined using two-sided Spearman’s 
rank correlations. 
P<0.05 was considered statistically signifi cant. IBM SPSS Statistics 22© was used for all analyses.
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Results

Of the 246 participants in the two studies, 172 (69.9%) completed at least seventy percent of 
the TEXAS calls throughout their 12-month follow-up. Six patients were marked as outliers 
and excluded, leaving 166 patients for further analyses (see Figure 1). Table 1 shows patients’ 
baseline characteristics for the two datasets combined and separately. 

Correlation between exacerbation frequency and exacerbation-free weeks
Table 2 shows the mean number of exacerbations and exacerbation-free weeks per year. 
Pearson’s correlation between exacerbation frequency and exacerbation-free weeks was 
-0.71 (p<0.001, 95%CI -0.77 to -0.62; Figure 2). In the subgroup of infrequent exacerbators (i.e., 
those with <3 exacerbations/year, n=53), the correlation between exacerbation frequency 
and exacerbation-free weeks was strong (r= -0.75, 95%CI -0.85 to -0.61; p<0.001). Among 
the frequent exacerbators (≥3 exacerbation/year, n=113) the correlation was weak (r= -0.25, 
95%CI -0.42 to -0.07; p<0.01).

Table 1. Patient characteristics at baseline, presented in number (%) or mean (SD)

Total sample

(n=166)

Primary
care-RCT20

(n=100)

Secondary 
care- cohort study21

(n=66)

Patient characteristics

Male (%) 119 (71.7) 67 (67.0) 52 (78.8)

Age (SD) 66.0 (8.6) 65.7 (8.8) 66.3 (8.4)

Current smokers (%) 45 (27.1) 35 (35.0) 10 (15.2)

BMI (SD) 26.3 (4.3) 26.6 (4.6) 25.9 (3.6)

FEV1 % predicted (SD) 60.3 (18.0) 64.5 (16.7) 53.8 (18.2)

Obstruction severity (GOLD)

Mild (%) 23 (13.9) 17 (17.0) 6 (9.1)

Moderate (%) 95 (57.2) 63 (63.0) 32 (48.5)

Severe (%) 41 (24.7) 18 (18.0) 23 (34.8)

Very severe (%) 7 (4.2) 2 (2.0) 5 (7.6)

MRC dyspnoea scale (n=162)

Category 1 (%) 63 (38.9) 37 (37.4) 26 (41.3)

Category 2 (%) 60 (37.0) 44 (44.4) 16 (25.4)

Category 3 (%) 39 (24.1) 18 (18.2) 21 (33.3)

FEV1: Forced Expiratory Volume in 1 s; GOLD: Global Initiative for Chronic Obstructive Lung Disease; BMI: body mass 
index; MRC: Medical Research Council
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Table 2. Self-reported exacerbation frequency and number of exacerbation-free weeks, presented in mean 
(SD) and number (%) of patients with frequent exacerbations (≥3/year)

Total sample

(n=166)

Primary
care-RCT20

(n=100)

Secondary 
care-cohort study21

(n=66)

Number of TEXAS* calls (SD) 21.3 (1.9) 21.0 (1.8) 21.6 (1.9)

Exacerbation frequency/year (SD) 4.0 (2.1) 4.0 (2.2) 4.1 (1.9)

Exacerbation-free weeks/year (SD) 33.4 (12.5) 33.8 (13.3) 32.8 (11.3)

Frequent (≥3) exacerbators (%) 113 (68.1) 68 (68.0) 45 (68.2)

TEXAS: Telephonic EXacerbation Assessment System. *Calls were made every fortnight during the 12-months 
observation period

Baseline characteristics in relation to exacerbation frequency and exacerbation-free 
weeks
Of the baseline characteristics analysed, only MRC category was related to exacerbation 
frequency (main eff ect: p=0.008). Table 3 shows the associations between MRC categories and 
exacerbation frequency and exacerbation free time. Patients in MRC category 1 (i.e., MRC score 
0 or 1) had a signifi cantly lower mean exacerbation frequency than patients in MRC category 3 
(mean 3.4±2.2 versus 4.5±2.0 exacerbations/year; β=-1.258, p=0.006). No statistically signifi cant 
diff erence between patients in MRC category 2 (mean 4.2±1.8 exacerbations/year) and patients 
in MRC category 3 was observed (β=-0.320, p=0.464). Exacerbation-free weeks were also related 
to baseline MRC (main eff ect: p=0.043). Patients in MRC category 1 had signifi cantly more 
exacerbation-free weeks than patients in MRC category 3 (mean 36.4±12.9 versus 28.6±12.6 
exacerbation-free weeks/year; β=6.831, p=0.014). No statistically signifi cant diff erence between 
patients in MRC category 2 (mean 32.6±11.7 exacerbation-free weeks/year) and patients in 
MRC category 3 was observed (β=3.248, p=0.228). Patients who were current smokers had 
less exacerbation-free time than patients who had quit smoking or had never smoked (mean 
29.3±13.3 versus 34.7±12.1 exacerbation-free weeks/year; β=-5.709, p=0.014). 
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Table 3. Associations between baseline characteristics and exacerbation frequency and exacerbation-free 
weeks, analysed with two separate univariable analysis of covariance models (n=166)

Exacerbation frequency Exacerbation-free weeks

β 95%CI p β 95%CI p

Male -0.230 -0.979 0.518 0.544 -2.151 -6.752 2.450 0.357

Age -0.032 -0.072 0.009 0.121 0.026 -0.221 0.273 0.837

FEV1%predicted -0.002 -0.021 0.017 0.866 0.060 -0.056 0.177 0.309

Current smoker 0.070 -0.670 0.809 0.853 -5.709 -10.252 -1.166 0.014

BMI -0.032 -0.110 0.045 0.406 0.129 -0.345 0.602 0.591

MRC category 1* -1.258 -2.144 -0.337 0.006 6.831 1.390 12.271 0.014

MRC category 2 * -0.320 -1.182 0.542 0.464 3.248 -2.049 8.544 0.228

β: unstandardised Beta coeffi  cients; CI: confi dence interval; FEV1: Forced Expiratory Volume in 1 s; BMI: Body Mass 
Index; MRC: Medical Research Council.
*MRC category 3 (i.e., MRC score 3, 4 or 5) as reference category
Bold values are p-values below 0.05

Exacerbation frequency and exacerbation-free time in relation to health-related quality 
of life
Table 4 shows that Spearman’s correlations between exacerbation frequency and CRQ scores 
at 12 months follow-up were weak. In contrast, correlations between exacerbation-free weeks 
and CRQ scores showed that having more exacerbation free time was related to a higher CRQ 
total score (r=0.216, p=0.034), better mastery (r=0.217, p=0.034), and less fatigue (r=0.232, 
p=0.023). 

Table 4. Spearman’s rank correlation coeffi  cients (r) of exacerbation frequency and exacerbation-free weeks 
with disease-specifi c HRQoL at 12-month follow-up (primary care-cohort only, n=96)

Exacerbation frequency Exacerbation-free weeks

Mean score (SD) r p r p

CRQ total 5.3 (0.80) -0.052 0.614 0.216 0.034

CRQ emotions 5.4 (0.97) -0.028 0.784 0.166 0.105

CRQ mastery 5.0 (0.66) -0.035 0.738 0.217 0.034

CRQ fatigue 5.0 (1.17) -0.069 0.506 0.232 0.023

CRQ dyspnoea 5.8 (1.15) -0.079 0.446 0.185 0.071

CRQ: Chronic Respiratory Questionnaire; HRQoL: health-related quality of life
Bold values are p-values below 0.05
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Discussion

Summary of the main fi ndings
In this study we explored how COPD patients’ overall exacerbation-free time relates to the 
frequency of their exacerbations, analysed associations between baseline characteristics and 
these two ways of quantifying exacerbations, and assessed which of the two quantifi cations 
shows the strongest association with patients’ HRQoL. In research as well as in daily practice 
looking at exacerbation-free time may be a valuable addition to exacerbation frequency when 
assessing the impact of exacerbations in patients with COPD, because we observed substantial 
variation in exacerbation-free time, particularly among patients who have frequent (i.e., three 
or more) exacerbations per year. We also found that patients who are current smokers have 
signifi cantly less exacerbation-free time but not a higher annual exacerbation frequency than 
patients who do not smoke (29.3 vs 34.7 exacerbation-free weeks, respectively). Our results 
showed no association between exacerbation frequency and COPD patients’ HRQoL, whereas 
more exacerbation-free time was related to better CRQ mastery, CRQ fatigue, and CRQ total 
scores.

Comparison with existing literature
While several studies have examined variation in exacerbation length,15,16 time to next 
exacerbation,15 time to fi rst hospitalisation,19 and the impact of interventions on exacerbation 
length,12,20 few studies in COPD have used exacerbation time per year (or the inverse, i.e. 
exacerbation-free time) as outcome measure. Donaldson et al.2 have examined the eff ect of 
exacerbation recovery time on health status. Our results seem consistent with their fi nding 
that longer exacerbation recovery time led to worse scores on the St George Respiratory 
Questionnaire (0.20 units per one day longer recovery). Still, our fi ndings diff er on other 
aspects. For instance, our patients reported more time with exacerbations than the population 
of Donaldson’s London Cohort Study (35% vs. 9% of observation period, respectively).2 Also, 
our median exacerbation frequency is 4.1, whereas Donaldson et al. reported a median of 
2.1. We have no clear explanation for these diff erences, since we had a heterogeneous study 
sample with a higher mean FEV1 % predicted than the London cohort (60.3% vs. 45.7%, 
respectively) and we used the same defi nition of exacerbation.2 One diff erence between both 
studies is that the London Cohort Study made use of daily diaries where we made use of 
two-weekly telephone calls. Although this may account for some of the discrepancy in the 
time spent in exacerbations, our previous study demonstrated TEXAS to be a valid measure to 
assess exacerbation frequency.21 Our mean exacerbation frequency does correspond with the 
fi ndings of Erdal et al.,22 who found a median exacerbation frequency of four in their hospital-
recruited COPD patients. 

Supporting smoking cessation is one of the key elements in the treatment of COPD,8 although 
the evidence for positive eff ects of smoking cessation on exacerbation frequency is weak.23 We 
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found a statistically and clinically signifi cant diff erence in exacerbation-free weeks between 
current smokers and ex-smokers that emphasizes the importance of smoking cessation in 
patients with COPD.

We found no relationship between exacerbation frequency and HRQoL, which may seem in 
contrast to previous literature.3,4 However, these studies all used the SGRQ. This questionnaire 
measures several aspects of health status,24 but not specifi cally health-related quality of life.25

Our fi ndings are in line with a previous study from our group, where we used the Nijmegen 
Clinical Screening Instrument (NCSI) to measure health status.14

Strengths and limitations
A strength of this study was the large and heterogeneous study sample, derived from both 
a primary care and a hospital setting. Also, the collection of exacerbation-related data was 
very structured at the same date and time every week, with no possibility to skip questions, 
due to the use of our automated TEXAS system. However, although TEXAS has proven to 
be a valid system to capture exacerbations with two-weekly calls,21 for the measurement of 
exacerbation-free time, a timeframe of two weeks may not be ideal. Although the correlation 
between weekly and two-weekly data was very high (r=0.90) , we would have preferred more 
detailed measurement to assess exacerbation-free time, ideally using daily registrations. 
Nevertheless, the questions asked by TEXAS (see Appendix) explicitly refer to symptoms 
experienced during the last two weeks. Another limitation was that HRQoL was only assessed 
in the primary care cohort. 

Inevitably, our approach and interpretation of missing data from calls will have infl uenced 
the number of exacerbations we found, as is the case in all studies.9,10 This limitation actually 
pleas in favour of using exacerbation-free time as an outcome measure; it seems more easy 
to establish when an exacerbation is not present than to establish when a new episode has 
exactly started. Furthermore, instead of introducing yet another instrument, we are proposing 
to use a new outcome that can be assessed with data that has already been collected in 
previous studies. Most studies using a symptom-based defi nition of exacerbations assess 
respiratory symptom changes with daily or weekly diaries. Exacerbation-free time can be 
calculated with these diaries also, so it would be an easy measure to add to analyses and 
published reports. 

In conclusion, our fi ndings indicate that exacerbation-free time and exacerbation frequency are 
two distinct quantifi cations to express exacerbations in patients with COPD, especially in frequent 
exacerbators. This, and the observed association between current smoking and exacerbation-
free time is relevant for research as well as clinical practice. Although the correlation was weak, 
exacerbation-free time was associated with HRQoL, whereas exacerbation frequency was not. 
This supports our proposition that exacerbation-free time is a more patient-centred outcome 
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than exacerbation frequency is. Further research is needed to examine if overall exacerbation-
free time may be a sensitive measure to capture the more subtle eff ects of interventions aimed 
at improving self-management and prompt treatment of exacerbations. Healthcare providers 
should be aware that the time a patient suff ers from exacerbations can vary widely among 
patients, may increase when the patient is an active smoker, and negatively infl uences COPD 
patients’ disease burden in terms of health-related quality of life.
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Supplementary material

Appendix 1. Content of TEXAS call 
(translated to English, original questions were in Dutch)*

Introduction:

This call is only meant for mr/mrs ..name.. Are you mr/mrs ..name..? press 1

Can you please hand the phone over to mr/mrs ..name.. ? press 2

Do you want us to call you back on a di� erent day or time? press 3

The following questions concern your respiratory symptoms:

During the last two weeks, did you experience any events of two or more days on which ...

1. … you were shorter of breath than usual?  1=YES / 2=NO

2. … you had more sputum than usual? 1=YES / 2=NO

3. … your sputum was di� erent in color or composition than usual? 1=YES / 2=NO

4. … you experienced more wheezing or your chest felt tighter? 1=YES / 2=NO

5. … you had a sore throat? 1=YES / 2=NO

6. … you had to cough more than usual? 1=YES / 2=NO

7. … you had a cold or runny nose? 1=YES / 2=NO

8. … you used more pu� s of your bronchodilator than usual? 1=YES / 2=NO

9. During the last two weeks, did you initiate a course of prednisolone or antibiotics
because of a worsening of your respiratory symptoms? 

1=YES / 2=NO

10. Did you experience days on which you were not able to perform your usual daily 
activities?

1=YES / 2=NO

10.b On how many days did you experience this? PRESS THE NUMBER 
OF DAYS AND END 
WITH  #

11. During the last two weeks did you need unscheduled medical attention because of 
a worsening of your respiratory symptoms?

1=YES / 2=NO

11.b If so, did you visit your general practioner? press 1

Or did you visit the Emergency Department? press 2

Or did you visit the GP after-hour service? press 3

Or did you visit more than one of the above mentioned care providers? press 4

12. Do you have any additional information or do you want to leave a message for the 
researchers? Please note: with this call you cannot ask any question to your doctor  

1=YES** / 2=NO

Thank you for answering this call. We will call you back in 14 days.
* Patients received a laminated summary card with the precise questions and response categories for the TEXAS calls 
** After pressing ‘1’, patients were able to leave a short spoken message
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Abstract

Background
To support patients with COPD in their self-management of symptom worsening, we 
developed Adaptive Computerised COPD Exacerbation Self-management Support (ACCESS), 
an innovative software application that provides automated treatment advice without the 
interference of a healthcare professional. Exacerbation detection is based on twelve symptom-
related yes-or-no questions and the measurement of peripheral capillary oxygen saturation 
(SpO2), forced expiratory volume in one second (FEV1), and body temperature. Automated 
treatment advice is based on a decision model built by clinical expert panel opinion and 
Bayesian network modelling. The current paper describes the validity of ACCESS. 

Methods
We performed secondary analyses on data from a 3-month prospective observational study 
in which patients with COPD daily registered respiratory symptoms on diary cards and 
measured SpO2, FEV1, and body temperature. We examined the validity of the most important 
treatment advice of ACCESS, i.e. to contact the healthcare professional, against symptom- and 
event-based exacerbations. 

Results
Fifty-four patients completed 2,928 diary cards. One or more of the diff erent pieces of ACCESS 
advice were provided in 71.7% of all cases. We identifi ed 115 symptom-based exacerbations. 
Cross-tabulation showed a sensitivity of 97.4% (95% CI 92.0-99.3), specifi city of 65.6% (95% CI 
63.5-67.6), and positive and negative predictive value of 13.4% (95% CI 11.2-15.9) and 99.8% 
(95% CI 99.3-99.9), respectively, for ACCESS’ advice to contact a healthcare professional in case 
of an exacerbation. 

Conclusions
In many cases (71.7%) ACCESS gave at least one self-management advice to lower symptom 
burden, showing that ACCES provides self-management support for both day-to-day 
symptom variations and exacerbations. High sensitivity shows that if there is an exacerbation, 
ACCESS will advise patients to contact a healthcare professional. The high negative predictive 
value leads us to conclude that when ACCES does not provide the advice to contact a 
healthcare professional, the risk of an exacerbation is very low. Thus, ACCESS can safely be 
used in patients with COPD to support self-management in case of an exacerbation.
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Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a heterogeneous disease with fl uctuations 
in daily respiratory symptoms. Many patients with COPD suff er from acute exacerbations. 
These episodes are defi ned as ‘sustained worsening of the patient’s condition from the stable 
state, and beyond normal day-to-day variations, that are acute in onset and necessitate a 
change in regular medication’.1 Exacerbations pose a substantial burden on patients and 
society, since they are the main cause of hospitalisation,2 mortality3 and healthcare utilisation4

in COPD, and lead to a more rapid decline in lung function5,6 and health status.6-8

When exacerbations are treated promptly, recovery time9,10 and hospital admissions10,11

can be reduced. However, many patients poorly recognise the diff erence between regular 
day-to-day variations and exacerbations, and do not respond to an imminent exacerbation 
adequately.8,9,11 Self-management programs that include patient education and the use of 
written action plans have been developed to improve patients’ self-management behaviour 
at times of an exacerbation. A written action plan contains instructions about the medication 
to use and the actions to take when a patient notices that respiratory symptoms worsen. 
Research has shown that the use of written action plans may enhance prompt treatment of 
exacerbations and, as a result, improve health-related quality of life,12 reduce recovery time9,13-

15 and hospital admissions.12,16,17 Therefore, current clinical COPD guidelines recommend a 
written exacerbation action plan for every COPD patient with frequent exacerbations to keep 
at home.18,19 However, it has been reported that in approximately 50% of exacerbations patients 
do not adhere to the instructions in the action plan.9 Exacerbation self-management appears 
to be negatively infl uenced by habituation to symptoms, heterogeneity of exacerbations, 
low self-empowerment, and patients’ belief that they should not bother others with their 
problems.20,21

To optimise patients’ self-management during symptom worsening that may indicate 
an exacerbations in development, there is a need for easy-to-use tools to better support 
patients in the recognition and interpretation of symptoms than a paper action plan does, 
and to further improve self-empowerment and stimulate a sense of urgency to seek medical 
treatment, when needed. Therefore, we have previously developed a software application 
called ‘Adaptive Computerized COPD Exacerbation Self-management Support’ (ACCESS).22 

This software application aims to 1) identify exacerbations in an early phase and 2) directly 
provide self-management advice without the intervention of a healthcare professional. 
The advice enables patients to take prompt and adequate action in case of an imminent 
exacerbation. In this study, we determined whether patients with COPD can safely use 
ACCESS as a self-management support tool in case of symptom worsening. More specifi cally, 
our research question was ‘what is the validity, expressed as sensitivity, specifi city, positive 
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and negative predictive value, of ACCESS’ clinically most important advice, i.e. to contact a 
healthcare professional today, that is given when a COPD exacerbation is imminent?’

Methods

Study design, population and sample size
We performed secondary analyses on data that were obtained in a 3-month prospective 
observational study that was designed to cross-validate the Bayesian network model 
(Supplementary materials). Patients with COPD were recruited from the outpatient clinic 
and the pulmonary rehabilitation program of the Radboud university medical center, 
Dekkerswald (Nijmegen, the Netherlands). Patients were eligible if they had a spirometry-
confi rmed diagnosis of COPD (i.e. post-bronchodilator FEV1/FVC<0.7), were known by their 
healthcare professional to have a high exacerbation risk, were able to communicate in the 
Dutch language, and were not familiar with physical or mental problems that would prevent 
adherence to study protocol. Additionally, in the outpatient population, patients had to be 
able to visit Dekkerswald if their symptoms worsened. At the pulmonary rehabilitation center, 
eligible patients received oral and written information about the study from a research team 
member. In the outpatient clinic, eligible patients received a written invitation to participate 
from their pulmonary nurse. After a week, patients who agreed to participate received 
individual oral and written instructions from a member of the research team. Within the 
inclusion period, patients from the outpatient clinic were invited in groups, simultaneous to 
the consecutive inclusion of patients from the rehabilitation program. No formal sample size 
calculation was performed, but 50 exacerbations were considered suffi  cient for the cross-
validation of the Bayesian network model (Supplementary material). In previous research in 
this patient population, an average of 4.2 exacerbations per year per patient was observed,23

so, theoretically, 50 patients would need to participate for 3 months to reach the number of 
50 exacerbations.

Written informed consent was obtained from all participating patients. The Medical Ethics 
Committee of the regions Arnhem and Nijmegen approved the study (approval number 
2013/385).

ACCESS software application
ACCESS is an innovative automated exacerbation self-management support system. The 
system is innovative as it combines exacerbation detection with automated treatment 
advice without the interference of a healthcare professional. Exacerbation detection is 
based on the results of twelve yes-or-no questions about worsening of symptoms, emotions 
and bronchodilator use and the outcomes of measurement of peripheral capillary oxygen 
saturation (SpO2 in %, Contec Pulse Oximeter, CMS50D), FEV1 (in liters, Vitalograph asma-1), 
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and body temperature (in degrees Celsius, Medisana FTN infrared thermometer) (Figure 1). 
After data recording and depending on the outcomes, ACCESS directly generates one to six 
automated treatment options to support self-management to alleviate symptom burden. In 
case the responses to the questions and/or the measurements indicate an imminent/possible 
exacerbation, ACCESS always advises to use the system again the next day. Which advice 
ACCESS will give is based on a decision tree that was designed by an expert panel of clinicians 
(Figure 2) and the risk of an exacerbation as predicted from a Bayesian network model that 
is incorporated in ACCESS.22 The system is adaptive in the sense that it is personalised by the 
patient’s healthcare professional, who sets personal reference values for FEV1 and SpO2, inserts 
patient-specifi c medication instructions, and decides on which pieces of advice are relevant 
for the patient. We refer to the supplementary fi le for more details about the development, 
content and evaluation of the system. 

In comparison to normal, do you today ……………………. Answers

1. ..experience more shortness of breath? YES/NO

2. ..experience more fear because of your shortness of breath? YES/NO

3. ..experience more fatigue? YES/NO

4. ..feel more hindered by your COPD during your daily activities? YES/NO

5. ..experience more sputum in your airways? YES/NO

6. ..notice any difference in your sputum colour/composition? YES/NO

7. ..experience more wheezing? YES/NO

8. ..experience more coughing? YES/NO

9. ..have a sore throat? YES/NO

10. ..have a cold or a runny nose? YES/NO

11. ..experience more stress or tension? YES/NO

12. ..have used more of your bronchodilators? YES/NO

Questions on physiologic measurements

1. What is your temperature in degrees Celsius? _ _._  (Example 37.2)

2. What is your FEV1 in litres? _.__   (Example 1.31)

3. What is your SpO2 in percentages? _ _    (Example 95)

Figure 1. Content of ACCESS.
Abbreviations: ACCESS: Adaptive Computerised COPD Exacerbation Self-management Support; SpO2: peripheral 
capillary oxygen saturation; FEV1: forced expiratory volume in one second.
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1 day increase of:
 - two major symptoms/ 
 - 1 major symptom+ fever/ 
 - dyspnoea+  > bronchodilators/ 
 - dyspnoea+ fear of dyspnea

Contact a health care 
professional today

Major symptoms:

Dyspnoea 
Sputum amount
Sputum purulence

FEV1 ≤ -10% of personal best
SaO2 ≤ -4% of personal best

2 day increase of:
 - 1 major symptom+ 1 minor (fatigue =minor)/ 
 - dyspnoea+ yesterday > dyspnoea/wheezing

1 day increase of:
 - wheezing+ bronchodilators+ 2 previous days > 
dyspnoea/wheezing

5 consecutive days ACCESS advice ‘use ACCESS again 
tomorrow’

ACCESS advices Given in case: 

Minor symptoms:

Cough
Wheezing
Sore throat
Cold/nasal discharge
Fatigue

1 day ‘yes’ on any question, unless advice to contact 
healthcare professional is given

1 day increase of: 
 - dyspnoea/ 
 - wheezing

Increase
bronchodilator use 
(to a max. of .. x .. 

puffs a day)

1 day increase of: 
 - dyspnea
 - fatigue
 - impaired in daily activities

Distribute your energy

1 day increase of:
 - sputum amount
 - cough

Use your coughing 
techniques

Use your breathing 
techniques

1 day increase of:
 - dyspnoea
 - stress/tension

 > 85% exacerbation risk calculation by Bayesian model

Use ACCESS again 
tomorrow

Figure 2. Expert decision model of ACCESS advice.

Abbreviations: ACCESS: Adaptive Computerised COPD Exacerbation Self-management Support; SpO2: peripheral 
capillary oxygen saturation; FEV1: forced expiratory volume in one second.   



Validati on of an mHealth tool to support COPD exacerbati on self-management 

69

4

Data collection 
During the 3-month follow-up, patients completed paper diary cards with the twelve 
ACCESS questions and three physiological measurements (SpO2, FEV1 and body temperature; 
Supplementary material) every day. All data was gathered on paper to prevent missing 
data due to diffi  culty in the use of the software. The diary cards were collected weekly. 
The automated treatment advice was calculated by the ACCESS computer model after the 
3-month observation period for each entry and added to the study database (see Figure 2 for 
the decision model).

Patients were instructed to contact their chest physician or respiratory nurse every time they 
had a worsening of any respiratory symptom. The chest physician diagnosed whether an 
exacerbation was present or not, and recorded diagnosis and treatment plan on a standardised 
form. Additionally, at the end of follow-up, the patients’ medical records were examined in 
detail by the investigators (LB, EB) for exacerbation occurrences. 

Furthermore, each patient completed a separate ‘best value’ form on a stable day together 
with a healthcare professional or an investigator (LB) to establish the reference values for the 
patient’s personal best measurements of FEV1 and SpO2. 

Exacerbations
We used a symptom-based and an event-based defi nition of exacerbations to compare 
ACCESS’ advice to contact a healthcare professional with.
1.  Symptom-based defi nition: the diary card data were used to identify symptom-based 

exacerbations using the following defi nition: a change for at least two consecutive days 
in two or more major symptoms (dyspnoea, sputum purulence, sputum amount), or a 
change in any one major symptom plus one or more minor symptoms (cold, wheeze, 
sore throat, cough).5,24,25

  We counted a new exacerbation episode when it was preceded by at least two days 
without exacerbation.

2.  Event-based defi nition: All contacts documented by healthcare professionals that led to 
a new prescription of prednisolone and/or antibiotics or hospitalisation were considered 
event-based exacerbations. 

Statistical analyses
Missing diary card data were excluded from analyses, since on a day with missing data, ACCESS 
cannot determine whether or not one or more pieces of advice should be given. We used 
descriptive statistics to examine the occurrence of the six automated pieces of advice. When 
an exacerbation was imminent, ACCESS should have advised patients to contact a healthcare 
professional. So, because of the clinical importance, we examined the relationship between 
ACCESS’ advice to contact a healthcare professional and symptom-based exacerbations 



Chapter 4

70

with cross-tabulations. Sensitivity, specifi city, positive and negative predictive value were 
calculated. To consider ACCESS as being safe, sensitivity should be high (i.e., if an exacerbation 
is indeed present, ACCESS should advise to contact a healthcare professional in virtually 
all cases), and negative predictive value should be high (i.e., if ACCESS does not advise to 
contact a healthcare professional, there should be no exacerbation in virtually all cases). We 
looked at the second day of each exacerbation episode, because we wanted to examine if 
ACCESS provides timely advice, and this was the fi rst day that an exacerbation could actually 
be established according to our defi nition.5,24,25 We performed post hoc descriptive analyses to 
further explore the precise reasons behind ACCESS’ advice to contact a healthcare professional 
in the absence of a symptom-based exacerbation.

To compare ACCESS’ advice to contact a healthcare professional to the actual diagnosis of 
the healthcare professionals, the ACCESS advice was also cross-tabulated with event-based 
exacerbations. Again, sensitivity, specifi city, and positive and negative predictive value were 
calculated. 
IBM Statistical Package for Social Sciences (SPSS) 22 was used for all analyses.

Results

Patients and exacerbations
Twenty-six patients from the rehabilitation department and 28 patients from the outpatient 
clinic were included between November 2013 and April 2014 (Figure 3). Together, these 
54 patients completed 2,928 of the 2,992 diary cards (97.9% completeness) during a mean 
participation period of 55.4 (±SD 25.1) days. One hundred and fi fteen symptom-based 
exacerbations were reported by 42 patients, with a median duration of 6.0 (IQR 7.4) days. 
Twenty-nine event-based episodes were documented from 22 patients. There were four 
hospital admissions in three patients, and no deaths during the follow-up period. Table 1 shows 
the baseline characteristics and median number of exacerbations of the study population. 
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Invited to 
participate (n=85)

Outpatient clinic 
(n=43)

Inpatient 
rehabilitation 

(n=42)

Included (n=29)  Included (n=26)

Analyses based on intention-to-treat (n=54)

Reasons for not 
participating: 

- too much/health 
issues (n=6)

- no time (n=5)
- not meeting inclusion 

criteria (n=2)
-‘don’t feel like it’ (n=1)

Reasons for not 
participating: 

- too many health 
issues (n=2)

- (early) ending of 
rehabillitation (n=7)

- unknown (n=7)

Exclusion due to non-
adherence (n=1)

 
Figure 3. Flow chart of patient participation in the study.

Table 1. Baseline characteristics of the study population (n=54) represented in mean (SD), median (IQR) or 
frequency (%).

Characteristic  Data at baseline

Age, years (SD) 64.7 (8.6)

Male (%) 32 (59.3)

FEV1, litersa (SD) 1.26 (0.6)

FEV1% predicteda (SD) 44.4 (18.2)

BMI, kg/m2;a (SD) 26.2 (4.8)

Follow-up time, days (SD) 55.4 (25.1)

Symptom-based exacerbation episodes per month (IQR) 1.1 (3.5)

Event-based exacerbation episodes per month (IQR) 0.0 (0.7) 

Note: an=44. 
Abbreviations: IQR: interquartile range; BMI: body mass index; FEV1: forced expiratory volume in one second.
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Automated advice of ACCESS
On 2,099 of the 2,928 days (71.7%), ACCESS provided one or more pieces of treatment advice. 
In 285 cases (9.7%), there was only the advice to measure again the next day, and in 544 
cases (18.6%) there was no advice given, meaning that no symptom changes were reported 
that day. Figure 4 shows that the advice to contact a healthcare professional was given on 
1,493 days (51.0% of 2,928 days). The advice to be thoughtful about how to distribute one’s 
energy over the day was given most often, in 1,829 cases (62.5%). The advice to use breathing 
techniques was provided in 1,285 cases (43.9%), the advice to maximise bronchodilator use 
was provided in 1,249 cases (42.7%), and the advice to use coughing techniques in 730 cases 
(24.9%). 

0
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40

50

60

70
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Figure 4. Representation of times each advice was provided by ACCESS, based on 2,928 diary cards. On 
each day, more than one advice could be provided. 

Abbreviation: ACCESS: Adaptive Computerised COPD Exacerbation Self-management Support.

Validity of ACCESS advice compared to symptom-based exacerbations
Table 2 shows the cross-tabulation between the advice to contact a healthcare professional 
and the actual presence (the second day) of a symptom-based exacerbation. In 112 of the 
115 exacerbations, ACCESS advised to contact the healthcare professional, so sensitivity was 
97.4% (95% CI 92.0-99.3). Specifi city was 65.6% (95% CI 63.5-67.6), positive predictive value 
13.4% (95% CI 11.2-15.9) and negative predictive value 99.8% (95% CI 99.3-99.9). 
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Table 2. Cross-tabulation of symptom-based exacerbationsa versus the advice to contact a healthcare 
professional given by ACCESS. 

Symptom-based exacerbation

Yes No Total

ACCESS advice 
to contact a 
healthcare 
professional

Yes

112

13.4%

97.4%

725

86.6%

34.4%

837

100%

37.7%

No 

3

0.2%

2.6%

1,382

99.8%

65.6%

1,385

100%

62.3%

Total

115

5.2%

100%

2,107

94.8%

100%

2,222

100%

100%

Note: aBased on the second consecutive day of worsening of at least one major symptom (dyspnoea, sputum 
purulence, sputum amount), and one minor symptom (cold, wheeze, sore throat, cough).5,24,25

Abbreviation: ACCESS: Adaptive Computerised COPD Exacerbation Self-management Support.

In-depth analyses were performed to examine the cases where the advice to contact a 
healthcare professional was given by ACCESS, but no symptom-based exacerbation turned 
out to have occurred (n=725). Figure 5 shows that the main reasons for ACCESS to advise 
patients to contact their healthcare provider were 1) a drop in FEV1 of at least 10% compared 
to the patient’s personal best value; 2) increased fatigue in combination with a worsening of 
at least one major symptom for at least two consecutive days; and 3) increased dyspnoea that 
day in combination with increased dyspnoea and/or wheeze the previous day.

Validity of ACCESS advice compared to event-based exacerbations
A total of 29 event-based exacerbations were documented (Table 3). For the event-based 
exacerbations, sensitivity of the ACCESS advice to contact a healthcare professional was 96.6% 
(95% CI 80.4-99.8), specifi city was 52.2% (95% CI 37.1-66.9), positive predictive value was 56.0% 
(95% CI 41.4-69.7), negative predictive value was 96.0% (95% CI 77.7-99.8).

In one occasion, a course of prednisolone had been prescribed but ACCESS had not advised 
to contact a healthcare professional (Table 3). It turned out that this patient had started his 
study participation during an exacerbation, and on his fi rst day, he reported minor symptoms 
and prednisolone was prescribed. The advice to contact a healthcare professional was given 
by ACCESS on the next day. 
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Figure 5. Representation of reasons for ACCESS’ advice to contact a healthcare professional, in the absence of 
a symptom-based exacerbation (n=725). In each event, more than one reason may apply.
Notes: 1) A worsening of at least 2 consecutive days in two or more major symptoms (dyspnoea, sputum purulence, 
sputum amount), or a change in any one major symptom plus a cold and/or wheeze and/or sore throat and/or cough 
and/or fatigue; 2) dyspnoea and/or wheeze and dyspnoea and/or wheeze the previous day; 3) decrease in FEV1 is 
10% or more of personal best; 4) increased dyspnoea and increased bronchodilator use; 5) decrease in SpO2 is 4% 
or more of personal best; 6) risk calculation of Bayesian network is higher than 85%; 7) a worsening of two or more 
major symptoms (dyspnoea, sputum purulence, sputum amount); 8) fi fth consecutive day that advice ‘measure again 
tomorrow’ (indication worsening of any symptom) is given; 9) increased dyspnoea and fear of increased dyspnoea; 
10) third day of increased wheeze and increased bronchodilator use; 11) any one major symptom (dyspnoea, sputum 
purulence, sputum amount) and fever (see also Figure 2).
Abbreviations: ACCESS: Adaptive Computerised COPD Exacerbation Self-management Support; SpO2: peripheral 
capillary oxygen saturation; FEV1: forced expiratory volume in one second.   
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Table 3. Cross-tabulation of event-based exacerbationsa versus the advice to contact a healthcare professional 
given by ACCESS.

Event-based exacerbation

Yes No Total

ACCESS advice 
to contact a 
healthcare 
professional

Yes 

28

56.0%

96.6%

22

44.0%

47.8%

50

100%

66.7%

No 

1b

4.0%

3.4%

24

96.0%

52.2%

25

100%

33.3%

Total

29

38.7%

100%

46

61.3%

100%

75

100%

100%

Notes: aExacerbations treated with a course of antibiotics and/or prednisolone, or resulted in hospitalisation. bPatient 
started a course of prednisolone on his fi rst day of study participation, reporting only minor symptoms that day.
Abbreviation: ACCESS: Adaptive Computerised COPD Exacerbation Self-management Support.

Discussion

In this study, we reported on the automatically provided treatment advice of the ACCESS 
software application, which aims to support COPD patients to take timely and adequate action 
in their self-management in case of symptom changes and exacerbations. We found that on 
the majority of days (71.7%), ACCESS provided one or more pieces of treatment advice to 
reduce symptom burden. In 51.0% of the cases, the advice was given to contact a healthcare 
professional that day. Hence, in 20.7% of all cases ACCESS did not detect an (developing) 
exacerbation, but the pieces of advice -other than to contact a healthcare professional- were 
provided to lower the burden of day-to-day symptom fl uctuations. 

Next, we investigated the safety of ACCESS by examining the validity of its advice to contact 
a healthcare professional. The high sensitivity of this advice for both symptom- and event-
based exacerbations (97.4% and 96.6%, respectively) showed that when an exacerbation is 
imminent, ACCESS is very likely to advise the patient to contact a healthcare professional. 
The high negative predictive value of the advice for both symptom- and event-based 
exacerbations (99.8% and 96.0%, respectively) showed that when ACCESS does not advise 
to contact a healthcare provider, there is a very low risk of an imminent exacerbation. Based 
on these results, we conclude that ACCESS’ advice to contact a healthcare professional is 
safe for patients to follow, because the chance of under-treatment of exacerbations seems 
negligible. However, specifi city was moderate to low (65.6% and 52.2% for symptom- and 
event-based exacerbations, respectively) and positive predictive values were low (13.4% and 
56.0% for symptom- and event-based exacerbations, respectively). This suggests that contact 
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with a healthcare professional may not be needed in all the cases that ACCESS provides the 
advice. It should be noted that ACCESS has not been developed to replace the healthcare 
professional, but to decrease patient delay in case of a developing exacerbation. Thus, part 
of the moderate to low specifi city and low positive predictive value can be explained by 
the discrepancy between our reference standard (an exacerbation) and the aim of ACCESS’ 
advice: contact a healthcare professional to consult about alarming symptoms which may (or 
which may not) be caused by an exacerbation. Furthermore, some of these advice-triggering 
signs or symptoms were measures that were not included in the defi nition of a symptom-
based exacerbation that we used as reference standard, such as a drop in FEV1 and peripheral 
capillary oxygen saturation values, or fatigue. This defi nitely has infl uenced specifi city and 
positive predictive value, but the advice still may have been clinically relevant, since these 
parameters are mentioned in the literature as possible indicators of an exacerbation.26-31 Still, 
the expert panel may also have been overly cautious in assigning the pieces of advice in the 
decision model, which is understandable because of heterogeneity of symptoms and onset 
of exacerbations.

Comparison to other literature
In most other telehealth systems that have been developed for COPD in recent years, a 
healthcare professional monitors the input of patients actively, and patients are contacted 
in case of an imminent exacerbation.32-38 These healthcare professionals may be cautious in 
their monitoring too. Moreover, these systems require continuous availability of healthcare 
professionals, and patients may come to rely on the healthcare professional to contact them 
in case of alarming symptoms instead of the other way around. Thus, instead of improving 
patient’s self-management and reducing patient-delay, the latter may even increase. To our 
knowledge, only one other electronic support system provides automated advice to patients 
with COPD.39 This Web-based application advises on the start of prednisolone or antibiotics 
in case of an exacerbation, whereas our system provides various pieces of self-management 
advice right from the onset of symptom changes, even before an exacerbation can be 
established. Besides, so far as we know, the validity of the Web-based application has not 
been tested yet. We found a high rate of symptom-based exacerbations (i.e. a median of 1.1 
exacerbations per month) compared to other studies.5,14,23 This may be caused both by the 
inclusion of patients who were likely to be frequent exacerbators, and our methodological 
approach to count a new episode when there were two days without exacerbation or missing 
days preceding the entry. In our view, this approach resembles a home situation best, where 
we aim to improve early recognition and patients should be advised at any time of a symptom 
worsening.
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Strengths and limitations
Patients recorded the exacerbation-related data daily on paper diary cards that were compiled 
weekly. This resulted in a very high completeness of data (97.9%) and reduced the potential for 
recall bias. Also, the use of paper diary cards instead of using ACCESS as software application 
prevented potential bias caused by diff erences in digital skills among our study population. 
The mean follow-up time in our study was shorter than planned. Our initial plan was to 
include the pulmonary rehabilitation patients in the fi rst week after starting rehabilitation 
and follow them for the complete duration of the programme, which is 12 weeks. However, 
many patients were not enrolled in our study until week four of the rehabilitation programme, 
resulting in a shorter follow-up period than the expected 12 weeks. Still, we found a high 
rate of symptom-based exacerbations, because of the inclusion of patients who were known 
by their healthcare professional to have a high risk of exacerbations. We did not perform a 
sample size calculation, although this is recommended in the STARD 2015 guideline,40 as we 
conducted secondary analyses on data that were obtained for the cross-validation of the 
Bayesian network model. Furthermore, at this moment, there is no other tool with a well-
studied diagnostic accuracy with which we can compare ACCCESS. The validity of ACCESS 
was tested in a population that was recruited in an outpatient clinic and in our pulmonary 
rehabilitation department and were prone to have exacerbations. This could have caused 
selection bias and it may be questioned whether our results can be generalised to a less 
severe COPD population with a lower risk of having exacerbations, such as in primary care. 
However, we previously demonstrated that in primary care also, the frequency of symptom-
based exacerbations among patients with COPD is high.41

Future research
Further research to assess the clinical eff ectiveness of this support is ongoing (ClinicalTrials.
gov Identifi er: NCT02553096). If we fi nd that moderate specifi city results in unnecessary 
healthcare utilisation, extended analyses are needed to investigate if specifi city could be 
increased, without losing the high sensitivity

Conclusions

In nearly three-quarters of the cases, ACCESS provided one or more of the following pieces 
of self-management advice – increase bronchodilator use, use breathing techniques, use 
coughing techniques, be thoughtful on how to distribute one’s energy over the day, and 
to contact a healthcare professional. This shows that ACCESS supports patients in their self-
management of day-to-day symptom variations. Additionally, this study showed that ACCESS 
provided the advice to contact a healthcare professional in time, i.e. on the second day of an 
exacerbation, with high sensitivity and negative predictive value, and thus appears to be a 
safe tool to use at home for patients with COPD. ACCESS has not been developed to replace 
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the healthcare professional, but to assist patients to take timely and adequate action in case 
of symptom worsening. In this way, ACCESS may improve self-management, decrease patient 
delay in seeking medical treatment when an exacerbation is imminent, and reduce disease 
burden by COPD. 
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Supplementary material

Previous steps in the development of ACCESS

Aim of the ACCESS system is to support COPD patients in exacerbation self-management by 
detecting exacerbations and providing tailored and timely treatment advice.

Building and optimising the Bayesian network model
Van der Heijden et al 1 have described the fi rst developmental phase of ACCESS (see Figure 
1 and Figure 2, Step 1). In summary, a Bayesian network model was constructed based on 
expert opinion of two pulmonary physicians, who provided relevant parameters based on 
their clinical experience and contemporary literature. A Bayesian network model is a fl exible 
probabilistic model that can compute the probability of the presence of a disease based 
on available symptoms, also in case of missing data, and predictions can be personalised 
by entering patient-specifi c data. Based on the expert-driven model and available data, 
a data-driven model was created and compared to the occurrence of symptom-based 
exacerbations.1 This resulted in a risk prediction of exacerbations based on twelve yes or no 
questions which are complemented with measurements of pulse oxygen saturation (SpO2), 
forced expiratory volume in one second (FEV1) and body temperature. Furthermore, a pilot 
study among patients with COPD was performed to examine usability of the smart phone 
and sensors.1

Primary aim of the study described in the current paper was to gather data for a cross-
validation procedure to optimise and test the Bayesian network model to automatically 
detect exacerbations. The data were divided in six groups of nine randomly selected patients. 
In each of six cross-validity checks, the model learned to identify exacerbations based on 
the entries of the fi ve training sets, and was then tested for diagnostic accuracy on the sixth 
set. Gold standard were symptom-based exacerbations. The fi nal model, resulting from the 
cross-validation procedure, showed an area under curve (AUC) of the receiver operating curve 
(ROC) of 91.4% (95%CI 90.3-92.5; Figure 3).

After the cross-validation procedure, a cut-off  point of 85% was chosen to indicate when an 
exacerbation was at hand. Any risk calculation beyond this point should lead to an automatic 
advice of ACCESS to contact a healthcare professional, or start a course of prednisolone. 

Development and integration of automatic treatment advices 
The next goal was to formulate treatment advice based on the risk calculation of the Bayesian 
network model to be given automatically by ACCESS. However, when discussing the matter in 
detail with clinicians it became clear that self-management advice could not solely be based 
on the risk calculation of ACCESS. To decide in which specifi c situation what advice should 
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be given by ACCESS, clinical expertise was used (Figure 2, Step 2). Expert involvement was 
realized in a three-step procedure: 1. An expert panel consisting of a pulmonary physician, a 
general practitioner, and a clinical psychologist discussed with which symptoms they wanted 
a patient to take what action, based on their clinical experience and contemporary guidelines 
for COPD exacerbation management; 2. Various healthcare professionals – pulmonary 
physicians, pulmonary nurses, general practitioners, practice nurses- provided the advices 
they would give in four standardised cases on paper; 3. These advices were then discussed by 
the expert panel and minor adjustments were made to the decision model. 

Diff erent than we had previously anticipated, the expert panel was focused on its clinical 
judgement, rather than using the risk calculation of the Bayesian network model as a base for 
the advices. This was perhaps inevitable in many cases, since several advices are initiated based 
on specifi c symptoms. Eventually, a cut-off  point of the risk calculation of the Bayesian network 
model was chosen to underlie the expert panel’s decision model for automatic advice. This 
cut-off  point was set at 85%, with a sensitivity of 65.8% (95%CI 62.4-69.0), specifi city of 91.5% 
(95%CI 90.2-92.6), positive predictive value 75.0% (95%CI 71.6-78.1) and negative predictive 
value 87.3% (95%CI 85.8-88.6). When this cut-off  point is reached, ACCESS will always provide 
the advice to contact a healthcare professional. 

The advices are personalised by the patient’s healthcare professional, who enters the patient’s 
FEV1 and pulse oxygen saturation values in the system as reference values, and adds specifi c 
medication instructions for maximal bronchodilator use. Specifi c advices can be blocked for a 
patient, if his healthcare professional deems this best. For instance, if the patients has not been 
taught coughing techniques, the advice to use coughing techniques would be irrelevant, 
maybe even confusing. 

As a last step in the developmental phase we have examined in the current study if patients 
are advised safely and correctly, by comparing the clinically most important ACCESS advice 
–“Contact a healthcare professional today”- with a symptom-based and an event-based 
defi nition of exacerbations (Step 4). For a clinical evaluation of ACCESS a randomised 
controlled trial is in progress, comparing the eff ect of ACCESS with the eff ect of a written 
action plan on exacerbation time (Step 5). 

References
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Figure 1. Schematic presentation of the ACCESS system

Current study: 
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Cut-off point established for 
exacerbation risk prediction.

Expert panel: 
Advices formulated based on clinical 
expertise and current guidelines
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2010-2013: Bayesian network model built: based on expert model, tested on available 
data. Van der Heijden et al. (2013) An autonomous mobile system for the management 
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Automatic self-management advices programmed 
into ACCESS. 

Advice to contact a health care professional today 
is compared to symptom-based and event-based 
definition of exacerbation. 
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Step 5. Clinical evaluation to examine effect of ACCESS 
compared to paper action plan (in progress: 
ClinicalTrials.gov  NCT02553096)
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optimise and test Bayesian network 
model’s accuracy to detect 
exacerbations

 

Figure 2. Schematic overview of the development of the Adaptive Computerised COPD Exacerbation Self-
management Support (ACCESS) System.
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Figure 3. ROC curve of cut-off  values of the Bayesian network model’s risk calculation to identify a 
symptom-based exacerbation. Abbreviation; AUC: Area under the curve.
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Abstract

Background
Many patients with chronic obstructive pulmonary disease (COPD) suff er from exacerbations, 
a worsening of their respiratory symptoms that warrants medical treatment. Exacerbations 
are often poorly recognised or managed by patients, leading to increased disease burden and 
healthcare costs.

Objective
This study aimed to examine the eff ects of a smart mobile health (mHealth) tool that supports 
COPD patients in the self-management of exacerbations by providing predictions of early 
exacerbation onset and timely treatment advices without the interference of healthcare 
professionals.

Methods
In a multicenter, 2-arm randomised controlled trial (RCT) with 12-months follow-up, patients 
with COPD used the smart mHealth tool (intervention group) or a paper action plan (control 
group) when they experienced worsening of respiratory symptoms. For our primary outcome 
exacerbation-free time, expressed as weeks without exacerbation, we used an automated 
telephone questionnaire system to measure weekly respiratory symptoms and treatment 
actions. Secondary outcomes were health status, self-effi  cacy, self-management behaviour, 
healthcare utilisation, and usability. For our analyses, we used negative binomial regression, 
multilevel logistic regression, and generalised estimating equation regression models.  

Results
Of the 87 patients with COPD recruited from primary and secondary care centers, 43 were 
randomised to the intervention group. We found no statistically signifi cant diff erences 
between the intervention group and the control group in exacerbation-free weeks (mean 
30.6±13.3 vs. 28.0±14.8 weeks, respectively; rate ratio 1.21; 95% CI 0.77-1.91) nor in health 
status, self-effi  cacy, self-management behaviour, and healthcare utilisation. Patients using the 
mHealth tool valued it as a more supportive tool than patients using the paper action plan. 
Patients considered the usability of the mHealth tool as good.

Conclusions
This study did not show benefi cial eff ects of a smart mHealth tool on exacerbation-free time, 
health status, self-effi  cacy, self-management behaviour, and healthcare utilisation in patients 
with COPD, compared with the use of a paper action plan. Participants were positive about 
the supportive function and the usability of the mHealth tool. mHealth may be a valuable 
alternative for COPD patients who prefer a digital tool instead of a paper action plan. 
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Introduction

Exacerbations in Chronic Obstructive Pulmonary Disease (COPD) are acute events of transient 
worsening of the respiratory condition. Exacerbations considerably aff ect patients’ health 
status,1,2 accelerate the decline in lung function,3 and contribute to COPD-related costs.4

Despite the substantial impact exacerbations may have, patients with COPD often have 
diffi  culty in recognising symptom deterioration5 and do not respond timely or adequately in 
the course of symptom worsening.6

Self-management strategies, such as the use of a written exacerbation action plan, have shown 
to improve exacerbation outcomes, i.e. decrease exacerbation duration,7,8 reduce hospital 
admissions,9,10 and decrease the impact on health status.10,11 However, many patients do not 
adhere to the self-management instructions in their action plans when an exacerbation is 
imminent 7,12 and thus do not take profi t of the favourable health eff ects of timely detection 
and subsequent intervention.

Telemonitoring, in which patients record and send information on symptoms and/or 
physiological measurements to a supervising clinician, may be an alternative approach to 
self-management strategies to reduce the impact of COPD exacerbations. Benefi cial eff ects 
have been reported on number of hospital admissions,13 emergency visits,13 and quality of 
life in some studies,14,15 but not in all.16 There is much heterogeneity between telemonitoring 
interventions regarding devices and clinical content, and the amount of additional support 
that patients receive. However, in contrast with self-management, telemonitoring strongly 
depends on the judgement of the clinician and the patient is not expected to interpret his or 
her own symptoms and signs. Therefore, we have developed17 and validated18 an innovative 
mobile health (mHealth) tool, called the Adaptive Computerised COPD Exacerbation Self-
management Support (ACCESS) system. This tool aims to tailor self-management support 
more effi  ciently and continuously than with a written action plan, but without heavily 
increasing the involvement of healthcare professionals to monitor input as is the case 
with telemonitoring. The mHealth tool integrates information on symptom changes and 
physiological measurements (i.e., pulse oximetry, spirometry and measurement of body 
temperature) in an easy-to-use application by means of a smartphone.17 Based on a decision 
tree built by a clinical expert panel and a Bayesian prediction model, the tool provides 
automated, tailored self-management advices to the patient without the involvement of the 
healthcare professional.18 Patients can use the tool at their own initiative to monitor symptom 
changes at any time of day or night, and receive ad hoc, tailored advice. 

In this study, we examined the clinical eff ectiveness of the mHealth tool. We hypothesised that 
in patients with COPD, the use of the tool would lead to more weeks without exacerbations; 
improvement in health status, self-effi  cacy, and self-management behaviour; and a reduction 
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in healthcare utilisation, compared with the use of a paper exacerbation action plan. We also 
evaluated how patients valued the tool’s supportive function and usability. 

Methods

Study design
This study was a multicenter, parallel, 2-arm, randomised controlled trial with a follow-up of 
12 months per patient. After signing informed consent, patients with COPD recruited from 
general practices and outpatient clinics followed a 20-min self-management educational 
group session primarily addressing early recognition and prompt treatment of exacerbations. 
Subsequently, patients were randomised to either 1) usual care according to current COPD 
guidelines, i.e. exacerbation self-management support through the use of a paper exacerbation 
action plan (control group); or 2) exacerbation self-management support through the use of 
the mHealth tool (intervention group). Participants in the control group were provided with 
a written action plan if they did not have one. Participants in the intervention group were 
instructed not to use their action plan if they had one before participation. This study has 
been registered at Clinicaltrials.gov (Identifi er: NCT02553096) and has been approved by the 
Medical Ethics Review Board, region Arnhem-Nijmegen, the Netherlands (fi le 2014-1270).

Setting and participants
Patients were recruited between June 2015 and July 2016 at the pulmonary outpatient clinics of 
three Dutch hospitals and nine general practices in the city of Nijmegen and the surroundings 
in the Netherlands. All participating centres delivered care according to the current Dutch 
COPD guideline19 and had a pulmonary or practice nurse available for COPD care. Patients 
were eligible for participation if they 1) were at least 40 years, 2) had a spirometry-confi rmed 
diagnosis of COPD (post-bronchodilator forced expiratory volume in 1 second (FEV1)/forced 
vital capacity<0.7), and 3) had experienced two or more symptom-based exacerbations in 
the previous 12 months, defi ned as a change for ≥ 2 consecutive days in either ≥ 2 major 
symptoms (dyspnoea, sputum purulence, and sputum amount) or any 1 major symptom plus 
≥ 1 minor symptoms (colds, wheeze, sore throat, and cough).3,20 Exclusion criteria were 1) 
severe comorbid conditions that prohibited safe participation, 2) insuffi  cient knowledge of 
the Dutch language, and 3) persisting diffi  culties in using the mHealth system after a 2-week 
practice period and additional assistance. 

Randomisation procedure 
We used a computer-generated 2-block randomisation procedure, stratifying for the 
healthcare centre. All patients from the participating centres who met the inclusion criteria 
received a questionnaire from their healthcare professional with questions related to 
exacerbations in the previous 12 months. Patients who responded and had experienced two 
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or more symptom-based exacerbations in the previous 12 months (see inclusion criteria) were 
invited by the research team to participate in this study. Allocation order was determined by 
the order in which eligible patients responded to our invitation to participate (kept by the 
research assistant). Participants were assigned to one of the groups after signing informed 
consent during the group meeting by the researcher (LB). Owing to the type of intervention, 
patients and healthcare professionals could not be blinded for group assignment. In addition, 
the research team could not be blinded, as it was responsible for the personalisation and 
technical support of the mHealth tool. The study statistician (RA), who was responsible for 
analysing the data, was blinded for study assignment of the participants until the analyses 
had been fi nished. 

Intervention and control group
Before randomisation and after signing written informed consent, all participants received 
a 20-min educational session based on the Dutch version of the Living Well with COPD self-
management program provided by the nurse in groups of 4 to 10 participants, to establish a 
homogeneous baseline in exacerbation self-management knowledge.12

Participants in the intervention group were instructed to visit the nurse within two weeks after 
allocation for instructions on the use of the mHealth tool. The tool consisted of a mobile phone 
(provided by the research team), a pulse-oximeter (CMS50D, Contec Medical Systems), a 
spirometer (PiKo-1 monitor, nSpire) and a forehead thermometer (FTN, Medisana AG). Patients 
answered 12 yes-or-no questions concerning changes in symptoms, physical limitations and 
emotions using the touch screen on the mobile phone, complemented by measurements 
with the pulse oximeter, spirometer and forehead thermometer (see Multimedia Appendix 
1).17 All questions had to be answered to proceed. On the basis of a built-in Bayesian network 
decision model, the mHealth tool then provided one or more of the following advices: 1) 
increase your bronchodilator use (including a personalised medication instruction), 2) use 
your breathing techniques, 3) use your coughing techniques, 4) be thoughtful of how you 
distribute your energy during the day, 5) contact your healthcare professional today, 6) 
measure again tomorrow. Completing the questions and measurements took approximately 
5 minutes. The mHealth tool has been developed in close collaboration with COPD patients 
and healthcare professionals17 and has shown high sensitivity and specifi city.18

Before the trial started, participants in the intervention group were instructed to use the 
system daily for two weeks in order to get familiarised with the app, mobile phone, spirometer, 
pulse oximeter, and forehead thermometer. Data were sent to a secured Web-based interface 
and were monitored by the research team to make sure participants practiced suffi  ciently. 
After this 2-week run-in period, the nurses evaluated patients’ use of the system, including the 
physiological measurements. Reference values for each patient’s FEV1 and peripheral oxygen 
saturation were set. Then, the 12-month follow-up period started. Patients were instructed to 
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use the tool every time they experienced or had any doubts about any change in symptoms 
or disease burden. 

Participants in the control group visited the nurse within two weeks of allocation for 
instructions on the use of a paper exacerbation action plan. When patients did not already 
possess a written action plan at that moment, the nurses provided the action plan of the 
Living Well with COPD program.12 The plan consisted of instructions regarding the self-
management of an exacerbation, for example, increase the use of bronchodilators, initiate a 
standing prescription for a course of prednisolone and/or antibiotic treatment if applicable, or 
contact the healthcare professional within three days of symptom aggravation. 

At the 3-month follow-up, patients in both the intervention and the control groups were 
invited by their nurse to evaluate their self-management of COPD exacerbations. In the 
intervention group, only then the nurses received the patients’ entries in the mHealth tool 
from the research team to enable tailoring of feedback on self-management behaviour. In 
the control group, the nurses evaluated the use of the paper action plan. Patients in both 
groups did not receive any feedback on self-management behaviour before or after this 
nurse contact. All patients in both the intervention and the control groups continued to have 
complete access to their healthcare professionals during follow-up.

Outcomes and follow-up
Our primary outcome was the diff erence in the number of exacerbation-free weeks between 
the intervention and control groups. An exacerbation-free week was defi ned as a week in 
which there had not been episodes of two or more consecutive days with worsening of two 
major symptoms (i.e. dyspnoea, sputum purulence, sputum amount) or one major and one or 
more minor symptoms (i.e. colds, wheeze, sore throat, and cough).21 Symptom changes were 
assessed by means of the Telephonic Exacerbation Assessment System (TEXAS, Radboudumc), 
an automated telephone call system that contacted participants weekly on the day and time 
of their preference.22 TEXAS consisted of closed questions regarding changes in respiratory 
symptoms, use of healthcare resources, and use of respiratory medication in the week before 
the call, and its validity has been demonstrated previously.22 Owing to the discontinuation of 
the contract with the provider of TEXAS, the last 19 participants in the trial received a weekly 
online questionnaire containing the same questions as TEXAS. These participants used both 
measuring tools during two weeks before stopping with TEXAS, which enabled us to compare 
data entries from TEXAS with the online survey tool. We found no diff erences in the data 
entries. 

Secondary outcomes included the following:
• Exacerbation-related outcomes, that is, the number of unscheduled healthcare contacts, 

the number of exacerbations treated with antibiotics and/or prednisolone, and the 
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number of exacerbation-related hospital admissions, all retrieved from patients’ medical 
records, and the number of symptom-based exacerbations as assessed with TEXAS. 

• Exacerbation-related self-management behaviour, measured with TEXAS or the online 
questionnaire, and defi ned as taken one or more of the following three actions during 
symptom-based exacerbations: 1) contacting the healthcare professional, 2) starting 
a course of prednisolone and/or antibiotics, or 3) maximising bronchodilator use. We 
also assessed the time between the date of exacerbation onset and the date of one of 
these three actions, defi ning actions taken within three days of exacerbation onset as 
adherence to the instructions.

• Exacerbation-related self-effi  cacy, measured with an exacerbation-related self-effi  cacy 
scale containing fi ve questions. This questionnaire was created for the purpose of this 
study, as to our knowledge, no questionnaire existed that measured exacerbation-related 
self-effi  cacy. Reliability analyses showed a Cronbach’s alpha of 0.69 at baseline and 0.81 
at follow-up.

• Health status, measured with 1) the Nijmegen Clinical Screening Instrument (NCSI), which 
is a battery of instruments measuring eight sub-domains of health status –subjective 
symptoms, dyspnoea emotions, fatigue, behavioural impairment, subjective impairment, 
general quality of life (QoL), health-related QoL and satisfaction with relationships23, 2) 
the Clinical COPD Questionnaire (CCQ), which measures 3 sub-domains, i.e. symptoms, 
functional status, and mental status, resulting in a total score;(24) and 3) the EuroQol-5 
dimensions (EQ-5d),24 which measures health-related quality of life, with a total score 
based on weighted scores on mobility, self-care, usual activities, pain/discomfort and 
anxiety/depression, as well as a vertical Visual Analogue Scale varying between 0 and 100.

At the start and at 12 months, data were gathered on exacerbation history, self-effi  cacy, and 
health status. CCQ and EQ-5d were also completed at three, six, and nine months of follow-up. 

At 12 months, information on healthcare utilisation, lung function, respiratory medication use, 
and comorbid conditions were extracted from the participants’ medical records. In addition, all 
participants were asked to evaluate the supportive function of either the mHealth tool or the 
paper action plan by using a paper survey including closed-ended questions regarding the use, 
diffi  culty in use, and intended future use of the mHealth tool or the paper action plan. Besides, 
three questions were asked related to clarity, suitability, and follow-up of the advice given by 
the mHealth tool or the paper action plan. All questions included answers on a 7-point rating 
scale, from strongly disagree (score 1) to strongly agree (score 7). The survey also included one 
question about frequency of usage at times of symptom worsening, with answers on a seven-
point rating scale varying from 1=never to 7=always. In addition, participants of the intervention 
group were asked to complete the System Usability Scale (SUS).25 The SUS contains 10 questions 
on system usability, which are calculated into one total score between 0 and 100. SUS scores 
<68 are considered as low, ≥68 and ≤80.3 as good, and >80.3 as excellent.  
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Sample size calculation and statistical analyses
Sample size calculation using analysis of variance showed that we needed 43 participants 
in each group for 80% power (α=0.05, 2-sided) to detect an increase of six exacerbation-
free weeks per year and anticipating a drop-out rate of 20%. The calculation was based on 
a previous dataset12 in which we found a mean of 44 exacerbation-free weeks, with SD 4.5 
weeks. We used all available data from all participants based on the intention to treat principle. 
Missing data were not imputed.

We used the data recorded by the secured Web-based interface to assess the actual usage of 
the mHealth tool. We analysed the answers to the paper evaluation survey to assess participants’ 
self-reported use of the mHealth tool and the paper action plan. Negative binomial regression 
analyses, controlling for follow-up time per participant, age and gender were used to analyse 
our primary outcome, i.e. the number of exacerbation-free weeks, as well as the number of 
unscheduled healthcare contacts, self-reported exacerbations, exacerbations treated with 
antibiotics and/or prednisolone, and exacerbation-related hospital admissions.

To test the eff ect of the mHealth tool on the rate of symptom-based exacerbations and self-
management behaviour, we extracted exacerbation episodes from the TEXAS database. Each 
new episode was preceded by at least two exacerbation-free weeks or two weeks with missing 
data.22 To assess patient delay in taking action when an exacerbation was imminent, the 
numbers of days were calculated between the date of exacerbation onset and the following 
actions: 1) the fi rst date of contact with a healthcare professional, 2) starting date of the course 
of prednisolone and/or antibiotics, or 3) date of increase of bronchodilators. We categorised 
these variables into two groups: <3 days (according to instructions), and ≥3 days. Separate 
multilevel logistic regression analyses were performed, taking into account the clustering eff ect 
of exacerbations within patients, and controlling for age and gender, to examine 1) whether the 
mHealth tool led to higher percentages of self-management actions in case of an exacerbation 
compared with the paper action plan, and 2) whether these actions were more often taken 
timely by patients in the intervention group compared to the control group. 

We used generalised estimating equation regression analyses to estimate the eff ect of the 
mHealth tool on changes between baseline and follow-up scores of the self-effi  cacy scale, 
NCSI, CCQ and EQ-5d, compared with the paper action plan. We analysed the CCQ and EQ-
5d with all fi ve measurement time points. We used 2-tailed t tests for independent samples 
and chi-square test to analyse the diff erences in the participants’ preferences between the 
mHealth tool and the paper action plan.  
Statistical signifi cance was assumed at p<0.05, based on 2-sided tests. We used IBM SPSS 
Statistics 25 for the analyses.  
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Results

Patient characteristics
Of the 87 patients included in the study, 43 were randomised to the intervention group. In 
addition, 45 patients were recruited from the hospitals and 42 from the general practices. 
Among them, 13% (11/87)) dropped out of the study, 16% (7/43) in the intervention, and 9% 
(4/44) in the control group. A fl owchart of the participants in the study is shown in Figure 1. 
Demographic and baseline characteristics are shown in Table 1.

Mean duration of follow-up was 48.1 (SD 11.7) weeks, and 11 COPD-related hospital admissions 
(6 in the intervention group and 5 in the control group) were reported as serious adverse 
events to the medical ethics review board. 
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invitation letter (n=687) 
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- Not willing to participate 
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Figure 1. Flow diagram of the participants through the study.  
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Table 1. Baseline and demographic characteristics of the study population (n=87) per treatment arm.

Mobile health tool  
intervention group 
(n=43)

Paper action plan
control group 
(n=44)

Recruited in hospital, n (%) 21 (48.8) 24 (54.5)

Follow-up in weeks, mean (SD) 48.3 (12.6) 49.8 (10.9)

Age (years), mean (SD) 69.3 (8.8) 65.9 (8.9)

Male sex, n (%) 25 (58.1) 29 (65.9)

Post-bronchodilator FEV1
# (% predicted), mean (SD) 53.0 (21.5) 52.1 (19.8)

Medical Research Council dyspnoea score, mean (SD) 2.5 (1.2) 2.6 (1.3)

Currently smoking, n (%) 13 (30.2) 11 (25.0)

Use of paper action plan prior to follow-up, n (%) 11 (25.6) 17 (38.6)

Respiratory drug treatment, n (%)

Long-acting bronchodilators 27 (62.8) 26 (59.1)

Short-acting bronchodilators 30 (69.8) 31 (70.5)

Inhaled corticosteroids (ICS) 7 (16.3) 13 (29.5)

Long-acting bronchodilators + ICS 22 (51.2) 24 (54.5)

Low education level, n (%) 19 (44.2) 17 (38.6)

Diagnosis COPD >5 years, n (%) 29 (67,5) 28 (63,6)

Currently working, n (%) 6 (14.0) 10 (22.7)

Relevant comorbidities, n (%)

Joint disorders 13 (30.2) 13 (29.5)

Cardiac disorders 12 (27.9) 12 (27.3)

Back pain 8 (18.6) 14 (31.8)

Diabetes 3 (7.0) 3 (6.8)

Depression and/or anxiety 3 (7.0) 2 (4.5)
#FEV1: forced expiratory volume in 1 second.

Usage of mobile health tool and paper action plan
From the Web-based interface, it appeared that 38 of the 43 patients (88%) in the mHealth 
group used the application 727 times in total during follow-up. No data on usage was available 
for 5 patients. The range in frequency of usage was 1 to 250 times with a median of 7 (25%-
75% interquartile range was 3-14). Results of the evaluation questionnaire showed that more 
patients reported to have used their mHealth tool often (scores 6 and 7 on the 7-point rating 
scale) compared with patients in the control group reported to have used their paper action 
plan (44.4% vs. 17.2%, respectively).
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Exacerbation-free time and other exacerbation-related outcomes
Patients in the intervention group did not diff er statistically signifi cant from patients in the 
control group in the number of weeks without exacerbations (mean 30.6 weeks, SD 13.3 
weeks vs. mean 28.0 weeks, SD 14.8 weeks, respectively; rate ratio (RR) 1.21; 95% CI 0.77-1.91; 
see Table 2). In addition, no statistically signifi cant diff erences were found in the number of 
symptom-based exacerbations (mean 4.5, SD 2.3 vs. mean 4.3, SD 2.1, respectively; RR 1.07, 95% 
CI 0.65-1.75), and the number of exacerbations treated with antibiotics and/or prednisolone 
(mean 1.0, SD 1.5 vs. mean 1.0, SD 1.3, respectively; RR 1.01, 95% CI 0.53-1.93). Furthermore, no 
statistically signifi cant between-group diff erences were found in the number of unscheduled 
healthcare contacts (mean 1.6, SD 1.7 vs. mean 1.6, SD 2.0, respectively; RR 0.89, 95% CI 0.50-
1.60), and exacerbation-related hospital admissions (mean 0.15, SD 0.43 vs. mean 0.14, SD 
0.41, respectively; RR 1.25, 95% CI 0.35-4.44).  

Table 2. Comparison of exacerbation-related outcomes between intervention group and control group 
(n=85).

Mobile health tool
intervention 
group
(n=41), mean (SD)

Paper action plan 
control group 
(n=44), mean (SD)

Rate ratio
(95% CI)a

p-value

Exacerbation-free weeksb 30.6 (13.3) 28.0 (14.8) 1.21 ( 0.77-1.90) 0.40
Unscheduled healthcare 
consultations because of 
respiratory complaintsc

1.6 (1.7) 1.6 (2.0) 0.89 (0.50-1.60) 0.70

Symptom-based 
exacerbationsb

4.5 (2.3) 4.3 (2.1) 1.07 (0.65-1.75) 0.80

Exacerbations treated 
with antibiotics and/or 
prednisolonec

1.1 (1.5) 1.0 (1.3) 1.01 (0.53-1.93) 0.97

Exacerbation-related 
hospital admissionsc

0.15 (0.43) 0.14 (0.41) 1.25 (0.35-4.44) 0.74

aCalculated using negative binomial regression analyses, relative to participants’ follow-up time, controlling for age 
and gender; bData retrieved from weekly patient reports; cData retrieved from patient medical fi les. 

Self-management behaviour
A total of 377 symptom-based exacerbation episodes were identifi ed. Table 3 shows that 
there were no statistically signifi cant diff erences between the intervention and control 
groups in the frequency of contacting a healthcare professional (odds ratio (OR) 0.94, 95% 
CI 0.51-1.73), initiating a course of antibiotics and/or prednisolone (OR 1.16, 95% CI 0.55-
2.44), and increasing bronchodilator use (OR 1.08, 95% CI 0.56-2.06). We found no diff erences 
between the intervention and control group in timely action, that is, contacting a healthcare 
professional (OR 2.21, 95% CI 0.78-6.23), starting a course of antibiotics and/or prednisolone 
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(OR 1.46, 95% CI 0.48-4.42), or increasing bronchodilator use (OR 1.15, 95% CI 0.61-2.16) within 
3 days of exacerbation onset (Table 4). 

Table 3. Self-reported self-management behaviour during exacerbation onset (n=377 exacerbations).

Mobile health tool 
intervention group 
(n=187), n (%)

Paper action plan 
control group 
(n=190), n (%)

Odds ratio
(95% CI)a

p-value

Contact healthcare 
professional

61 (32.6) 68 (35.8) 0.94 (0.51-1.73) 0.83

Start prednisolone and/or 
antibiotics

64 (34.2) 62 (32.6) 1.16 (0.55-2.44) 0.69

Increase bronchodilator use 135 (72.2) 135 (71.1) 1.08 (0.56-2.06) 0.82

aCalculated using multilevel logistic regression analyses, including participant as cluster variable, controlling for age 
and gender.

Table 4. Self-reported self-management behaviour within 3 days of exacerbation onset.

Mobile health tool 
intervention group

Paper action plan 
control group

Odds ratio 
(95% CI)a

p-value

n <3 days, n (%) n <3 days, n (%)

Contact healthcare 
professional

55 20 (36.4) 63 17 (27.0) 2.21 (0.78-6.23) 0.13

Start prednisolone and/or 
antibiotics

58 23 (39.7) 57 23 (40.4) 1.46 (0.48-4.42) 0.50

Increase bronchodilator use 122 87 (71.3) 117 80 (68.4) 1.15 (0.61-2.16) 0.67

aCalculated using multilevel logistic regression analyses, including participant as cluster variable, controlling for age 
and gender.

Self-effi  cacy and health status
We found no statistically signifi cant diff erence in exacerbation-related self-effi  cacy between 
the intervention and control groups when comparing baseline scores with 12-month follow-
up scores. In addition, there were no diff erences between the groups in changes between 
baseline and follow-up scores of the subscales of the NCSI, CCQ and EQ-5d (Table 5). 
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Table 5. Baseline and follow-up scores of exacerbation-related self-effi  cacy and measures of health status.

Mobile health tool
intervention group

Paper action plan
control group

Baseline 

(n=43), 

mean (SD)

12-month 

(n=35), 

mean (SD)

Baseline 

(n=44), 

mean (SD)

12-month  

(n=41), 

mean (SD)

β (95% CI)a p-value

Exacerbation-
related self-
effi  cacyb

2.91 (0.43) 2.98 (0.41) 2.84 (0.41) 2.87 (0.52) 0.03 (-0.17-0.22) 0.91

Health status measurementsc

NCSId QOLe 12.90 (8.32) 13.01 (8.27) 19.08 (11.93) 17.11 (12.14) 2.53 (-1.28-6.33) 0.19

NCSI HRQOLf 4.19 (1.74) 4.00 (1.61) 4.68 (1.78) 4.76 (1.93) -0.16 (-0.89-0.57) 0.66

NCSI 
Relationship

2.42 (0.93) 2.58 (0.87) 3.39 (1.74) 3.24 (1.59) 0.30 (-0.26-0.85) 0.29

NCSI Subjective  
impairment

11.84 (5.80) 11.20 (4.12) 14.41 (6.57) 13.22 (6.57) 0.74 (-1.38-2.85) 0.50

NCSI Behavioural 
impairment

22.11 (17.89) 20.50 (15.58) 19.11 (17.28) 20.43 (21.76) -1.77 (-7.20-3.66) 0.52

NCSI Subjective 
symptoms

9.86 (4.88) 9.23 (4.39) 11.91 (4.86) 11.05 (4.79) 0.35 (-1.40-2.11) 0.69

NCSI Dyspnoea 
emotions 

8.77 (2.42) 8.71 (2.86) 11.59 (3.92) 10.73 (4.32) 0.85 (-0.58-2.27) 0.24

NCSI Fatigue 35.93 (10.96) 35.23 (9.45) 37.32 (10.17) 37.73 (10.20) -1.80 (-5.43-1.84) 0.33

CCQg Total 2.06 (1.02) 1.84 (0.77) 2.31 (1.09) 2.16 (1.05) -0.06 (-0.38-0.26) 0.70

CCQ Symptoms 2.41 (1.12) 2.16 (0.80) 2.60 (1.27) 2.49 (1.24) -0.22 (-0.67-0.23) 0.34

CCQ Functional 
status

2.22 (1.38) 2.03 (1.21) 2.53 (1.36) 2.41 (1.32) 0.05 (-0.30-0.40) 0.76

CCQ Mental 
status

1.03 (1.01) 0.81 (0.79) 1.30 (0.99) 1.00 (1.05) 0.09 (-0.34-0.53) 0.68

EQ-5dh 0.81 (0.15) 0.79 (0.16) 0.74 (0.20) 0.77 (0.21) -0.05 (-0.13-0.03) 0.22

EQ VASi 65.53 (17.37) 70.94 (12.92) 64.20 (15.35) 62.63 (19.14) 6.28 (-0.56-13.11) 0.07
a β (Betá) indicates the diff erence between the intervention and control groups on diff erences between baseline and 
at 12 months; bHigher score is positive; cHigher score is negative; dNCSI: Nijmegen Clinical Screening Instrument; eQOL: 
quality of life; fHRQOL: health-related quality of life; gCCQ: Clinical COPD Questionnaire; hEQ-5d: EuroQol-5 dimensions; 
iEQ VAS: EuroQol Visual Analogue Scale.
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Participant evaluation of the self-management support tools
A total of 58 (67%) participants returned an evaluation form, of which 28 were in the 
intervention group. The mHealth tool was rated as a more useful support tool than the paper 
action plan (p=0.025). No diff erences were found between the mHealth tool and the action 
plan in the self-reported frequency of use, in diffi  culty and future use of the tool, or in clarity, 
suitability, and follow-up of the advice. Overall, 26 participants of the intervention group 
completed all 10 questions of the SUS. The mean score was 78.5 (SD 14.4).

Discussion

Principal fi ndings
In this study, we examined the clinical eff ects of a smart mHealth tool to support COPD 
patients in the detection and treatment of exacerbations without the interference of a 
healthcare professional. Our primary hypothesis, that the use of mHealth would lead to more 
weeks without exacerbations than care as usual, i.e. the use of a paper action plan, was not 
confi rmed. In addition, we did not fi nd diff erences in exacerbation frequency, healthcare 
utilisation or self-management behaviour between patients who used the mHealth tool and 
patients who used the paper action plan. Furthermore, patients using the tool did not report 
higher exacerbation-related self-effi  cacy or better health status than patients using a paper 
action plan. Patients evaluated the usability of the mHealth tool as good and considered it as 
more supportive than the action plan. 

Comparison with previous work
So far, studies on the eff ects of electronic health (eHealth) in the management of COPD have 
focused on the use of telemonitoring applications.26,27 However, the mHealth tool in our study 
critically diff ers from telemonitoring tools, as it enables the patient to be solely responsible 
for initiating treatment, without the interference of a healthcare professional. This impedes 
comparing our results with those found in telemonitoring trials. A recent Cochrane review 
showed that, until now, there is only limited evidence that interventions aimed at facilitating, 
supporting, and sustaining self‐management in patients with COPD and delivered via smart 
technology may improve outcomes such as health status and physical activity.28 We found no 
eff ects of the mHealth tool on health status, measured with generic questionnaires, such as 
the NCSI and the EQ-5D, nor with a disease-specifi c questionnaire, such as the CCQ. 

In this study, we could not demonstrate positive eff ects on exacerbation-free weeks, 
exacerbation frequency, and healthcare utilisation. Our primary outcome, exacerbation-free 
weeks, is directly related to exacerbation recovery time and may better refl ect the burden 
of exacerbations in patients with COPD than exacerbation frequency does.21 The mean 
number of exacerbation-free weeks we found during the one year follow-up period was 30.6 
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weeks in the intervention group and 28.0 weeks in the control group. These mean values 
are in line with the 33.4 weeks that we found in a previous study in which we examined 
the relationship between exacerbation frequency and exacerbation-free time in a cohort of 
166 COPD patients.21 These values suggest that there was enough room for improvement, as 
the participants seem to suff er from symptom worsening in approximately 20 weeks in the 
1-year follow-up period. Although patients rated the mHealth tool as a more useful support 
tool than the paper action plan, we found no diff erences between the mHealth tool and 
the paper action plan on self-management behaviour and exacerbation-related self-effi  cacy. 
Previous studies showed that patients with COPD were able to use mHealth apps, including 
reporting daily symptoms and measuring physiological variables,29 and were able to interpret 
clinical data and use these within their self-management approach regardless of previous 
knowledge.30 These fi ndings are in line with our fi nding that participants in the intervention 
group rated the usability of the mHealth tool as good, on average.

Limitations
The major strength of this study is that we used a well-designed and validated mHealth tool 
to support self-management behaviour.18 In a qualitative study, Korpershoek and colleagues 
demonstrated that to optimise engagement, mHealth interventions should be attractive, 
rewarding, safe and tailored to the patient needs.31 Our mHealth tool has been developed 
using feedback of patients with COPD, and its treatment advice can be tailored to the 
individual patient. To further optimise the use of the tool, patients were familiarised with the 
technique during a 2-week run-in period. 

However, this study also has limitations. Two important limitations may have led to the 
statistically non-signifi cant results of our primary outcome exacerbation-free weeks. First, 
we were surprised that the mean exacerbation-free time and its standard deviation at 12 
months follow-up diff ered substantially from the study data on which our power calculation 
was based.12 We cannot explain this. As a result, the sample size in this study may have been 
too small to actually detect any statistically signifi cant diff erences in our primary outcome. On 
the other hand, when we performed our sample size calculation, there were no other studies 
available to provide data on exacerbation-free time. Second, off ering both the intervention 
group and the control group a short education session on the recognition and treatment 
of exacerbations before the start of the study, and providing a paper action plan to the 
control group may have reduced the room for improvement and may have diluted potential 
diff erences between the two groups on our primary outcome exacerbation-free weeks. The 
purpose of the education session was to equalise the level of self-management knowledge 
among all participants and between both groups prior to the start of the trial. Our choice 
may have upgraded self-management knowledge and skills of all participants, although we 
did not measure what the participants had actually learned from the session to verify this 
assumption. We chose to provide our control group with a paper action plan, according 
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to the recommendations in the current national COPD guideline,19 thereby supporting the 
self-management knowledge and skills of the control group participants. Many general 
practitioners and chest physicians in the Netherlands have not (yet) integrated the use of 
paper action plans in their daily practice. This was also found in our study, in which only 25.6% 
of intervention group and 38.6% of control group participants used a paper action plan before 
to the study. On the other hand, previous use of a paper action plan could have aff ected our 
primary outcome exacerbation-free weeks, if patients in the intervention group continued 
to use the paper action plan instead of using the mHealth tool. Although we cannot refute 
this assumption with our data, we think that this eff ect (if any) has been small as we found 
that all intervention group participants used the mHealth tool and that more patients in the 
intervention group used the mHealth tool than patients in the control group used their paper 
plans.

There are also other limitations. Of the 467 patients that responded to the study invitation and 
met the inclusion criteria, 283 were not willing to participate. This may have led to selection bias. 
We believe that the risk of contamination because of the individual randomisation procedure 
is negligible, as both the mHealth tool and the paper action plan were used at home, outside 
the reach of the healthcare professional. Although in the last four months of the trial we had 
to switch to collecting exacerbation-related outcomes through a digital survey tool instead 
of the automated TEXAS telephone calls,22 this did not impact the rate of data entry and the 
participants experienced no diffi  culties. So, although it was an undesirable deviation from the 
protocol, we have no concerns on the reliability of the primary outcome data. Finally, twelve 
months of follow-up may have been too short for the mHealth tool to reach its maximum 
eff ect, as it may take more time to sustain engagement with the technology and change self-
management behaviour.28

Future research
Although we were not able to demonstrate positive eff ects of our mHealth tool, we still 
believe that the use of eHealth tools, including machine learning techniques, better suits 
the goals of patient-centred care and self-management support than telemonitoring tools 
where a healthcare professional monitors the patient from a distance. Besides, in this study, 
the patients using the mHealth tool evaluated it as usable and more supportive than patients 
using a conventional supportive tool, that is, the written action plan. Future research should 
focus more on patients who are specifi cally interested in using digital tools in their daily life, as 
these patients may have greater benefi t from them.28 More information on patient perceptions 
of the use of the mHealth tool is also needed and could be collected by patient interviews 
or open-ended surveys. In addition, more research is needed on the clinical eff ects of the 
mHealth tool when used appropriately and the factors that are associated with appropriate 
use. However, for these purposes, there is a need for studies with larger patient populations 
than in this study.
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Conclusions
In this study, we examined the eff ectiveness of an mHealth tool designed to support 
COPD patients in their self-management of symptom worsening to reduce the impact of 
exacerbations. The app was not designed to replace the healthcare professional, but to reduce 
patient-delay. Patients evaluated the app’s usability as good and as more supportive than the 
paper action plan. Although this study did not show benefi cial eff ects of the mHealth app 
compared with the use of a paper action plan, based on patient’s preference, it may be a 
valuable alternative to a paper action plan in the management of COPD.
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Supplementary material

Appendix 1. Contents of the mobile health tool

Questions on symptoms and medication use
In comparison to normal, do you today …………………….

Answers

1.    ..experience more shortness of breath? YES/NO

2.    ..experience more fear because of your shortness of breath? YES/NO

3.    ..experience more fatigue? YES/NO

4.    ..feel more hindered by your COPD during your daily activities? YES/NO

5.    ..experience more sputum in you airways? YES/NO

6.    ..notice any diff erence in your sputum colour/composition? YES/NO

7.    ..experience more wheezing? YES/NO

8.    ..experience more coughing? YES/NO

9.    ..have a sore throat? YES/NO

10.  ..have a cold or a runny nose? YES/NO

11.  ..experience more stress or tension? YES/NO

12.  ..have used more of your bronchodilators? YES/NO

Questions on physiological measurements

1.    What is your temperature in degrees Celsius? _ _._   (Example: 37.2)

2.    What is your FEV1 in litres? _._ _   (Example: 1.31)

3.    What is your SpO2 in percentages? _ _       (Example: 95)
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Abstract

Background
Patients with Chronic Obstructive Pulmonary Disease (COPD) encounter many (gradual) 
losses due to their disease, which trigger a grieving process. This process is characterised by 
the stages of denial, resistance, sorrow, and acceptance. 

Purpose
This study examined whether these are conceptually distinct stages and whether the 
Acceptance of Disease and Impairments Questionnaire (ADIQ) can validly and reliably 
measure these stages in three samples of patients with COPD in the Netherlands. 

Methods
Exploratory factor analysis (EFA) was performed on 145 outpatients with moderate to severe 
COPD. Confi rmatory factor analyses were performed on 303 outpatients with mild to very 
severe COPD and 127 patients entering an inpatient pulmonary rehabilitation program. 
Furthermore, internal reliability, construct validity, sensitivity to change and fl oor and ceiling 
eff ects were examined.

Results
EFA yielded a 4-factor solution that explained 73.2% of variance. Confi rmatory factor analyses 
showed a good fi t of the 4-factor structure in all study samples. Cronbach’s alpha reliability 
coeffi  cients were .79 or higher. Subscales showed to be sensitive to change.

Conclusions
Four distinct stages of grief are recognised in COPD. The ADIQ is a valid and reliable 
instrument to measure these stages: denial, resistance, sorrow and acceptance. Measuring the 
stages of grieving is important for disease management: addressing patients with a specifi c 
therapeutic approach for the stage they are in, could help to motivate patients to engage in 
self-management and change their lifestyle.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a slowly progressive, chronic lung disease, 
and is one of the leading causes of morbidity and mortality worldwid.1 COPD is characterised 
by persistent airway limitation that is usually progressive and associated with an enhanced 
infl ammatory response in the airways and the lung to noxious particles or gasses.2

Exacerbations and comorbidities contribute to disease severity in individual patients. In the 
course of the disease, patients with COPD repeatedly encounter losses due to increasing 
symptoms and functional impairments. For instance, many patients face the loss of functional 
capacity, job, social life, mobility, and independence. This triggers a grieving process which 
initially is characterised by denial or trivialisation of complaints, followed by resistance, sorrow, 
and fi nally resulting in acceptance.3 

In healthcare, there is little attention for the grieving process. In the literature on grieving, all 
theories focus on the grieving process over a sudden, irretrievable loss, such as the loss of a 
loved one. In COPD, we see a diff erent grieving process, because the impairments (i.e. losses) 
start very mildly and evolve gradually.4 The process described by Kübler-Ross5 in terminally 
ill patients most closely resembles what we observe in clinical practice of COPD healthcare. 
Kübler-Ross described the stages of denial, anger, bargaining, depression and acceptance. 
Diff erent from the terminally ill, patients with COPD can live decades with their disease, and 
experience many (gradual) losses. Consequently, the grieving process can be prolonged, ‘set 
back’ by a new loss, or a patients can get stuck in a specifi c stage.4

In COPD, the stage of denial can last a long time, time in which symptoms and impairments are 
trivialised and attributed to ‘normal’ causes, such as ageing or being in bad physical condition. 
In the stage of resistance, the predominant emotions are frustration and anger. Patients are 
well aware that they are ill and impaired, but refuse to adapt: they just want to return to their 
old life. In the stage of sorrow, the grief over all that is lost is predominant. Patients are passive 
and pessimistic about the future. In the stage of acceptance, patients are able to restructure 
their life goals and expectations.4 They are motivated to make long-term lifestyle changes 
such as taking medication, adopting adequate energy-saving strategies, quitting smoking, 
exercising regularly, making adjustments at work, restricting to a diet, etc. In other words, they 
can adapt to the disease and impairments. 

Because patients are unlikely to adapt in the stages preceding acceptance, and these stages 
can last a long time, it is probable that these stages have a negative impact on health status. In 
the literature on chronic illnesses, only the relationship between acceptance and health status 
has been examined. Several studies have shown positive relationships between acceptance 
and better health status in various chronic illnesses such as chronic pain, multiple sclerosis, 
rheumatoid arthritis, insulin-dependent diabetes mellitus, cardiac diseases, and COPD. For 
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example, acceptance was found to be positively related to general well-being [6], emotional 
well-being,7 quality of life (QoL),8 experienced health8,9 and self-management.10,11 Negative 
relationships were found between acceptance and physical impairments,7,12 disease-activity, 
physical complaints,13 and negative emotions and depression.8,9,12,14,15 In addition, acceptance 
mediated the eff ect of hospitalisation stress on self-rated health and psychological symptoms.9

However, acceptance is the end-state of the grieving process. Assessment and treatment 
should focus on the stages preceding acceptance. This way, the grieving process can be 
facilitated in order to achieve acceptance and subsequent adaptation to the disease. Since 
every stage requires a diff erent approach from a healthcare professional, it would be very 
helpful to have an instrument that measures all stages of the grieving process and clearly 
indicates what the predominant stage is that the patient is in. 

Several instruments measure acceptance of a disease, but none measure the clinically 
important stages denial, resistance, and sorrow. Therefore, we developed the Acceptance of 
Disease and Impairments Questionnaire (ADIQ) to measure all stages of the grieving process 
in COPD. In this study, we investigated 1) whether the clinically observed stages of denial, 
resistance, sorrow and acceptance can be identifi ed as independent stages, and 2) whether 
the ADIQ is a valid and reliable instrument to measure these stages. 

Method

Development of the Acceptance of Disease and Impairments Questionnaire
A schematic overview of the development and validation of the ADIQ is presented in Figure 
1. For the initial conceptual construction of the questionnaire, an expert group was formed 
from eight disciplines of the pulmonary rehabilitation unit (clinical psychologist, pulmonary 
physician, nurse, physical therapist, dietician, psychomotor therapist, art therapist, and social 
worker) of the Radboud University Medical Centre in Nijmegen, the Netherlands. Based roughly 
on the stages of grief by Kübler-Ross,5 the expert group identifi ed four stages in the grieving 
process of patients with COPD: denial, resistance, sorrow and acceptance. It was assumed that 
the stages do not have to be encountered chronologically, nor that every patient has to go 
through every stage, nor that all patients get stuck in the grieving process. 
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Development of ADIQ

Step 1. Construction of Multi-disciplinary expert group
conceptual model

Step 2. Item generation Multi-disciplinary expert group
Step 3. Patient feedback Patients in pulmonary rehabilitation

Validation of ADIQ

Step 4. Data collection Three samples of COPD patients
Step 5. Internal validity Exploratory Factor Analysis, 

Cronbach’s alpha’s and 
subscale inter-correlations

Step 6. External validity Confirmatory Factor Analyses 
Step 7. Construct validity Convergent and divergent validity:

correlations with other constructs
Step 8. Sensitivity to change T-tests between baseline and follow up 

assessment
Step 9. Floor & ceiling effects Percentages of patients with lowest 

and highest possible scores

Figure 1. Main phases of the development and validation of the Acceptance of Disease and Impairments 
Questionnaire (ADIQ). 

Three to six questionnaire items were generated for each stage. All items had to contain less 
than 20 words and be formulated in plain Dutch. Items were posed as statements and response 
was given to the question ‘to what level do you agree with the following statement?’ in a 
4-category response format (1 ‘disagree’, 2 ‘slightly agree’, 3 ‘strongly agree’, 4 ‘entirely agree’). 

Eighteen patients with COPD, participating in a pulmonary rehabilitation program, were 
asked to complete the questionnaire and review its content and relevance in a semistructured 
questionnaire. This feedback led to some changes in formulation of some items. Additionally, 
two items on acceptance were removed because these inquired about behaviour instead of 
cognitions (‘I try to adjust to my disease as much as possible’; ‘I try to adjust to my impairments 
as much as possible’). In general, feedback of the patients was positive and all items were 
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marked as highly relevant. Finally, the psychologists of the pulmonary rehabilitation 
department verifi ed if their clinical diagnostic fi ndings corresponded with the results of the 
ADIQ collected in the pilot study, and data collection started. The version validated in this 
study is composed of four subscales, consisting of 4 items on denial, 3 items on resistance, 3 
items on sorrow, and 4 items on acceptance. 

Validation of the questionnaire

Participants
Three samples of patients with COPD were included to test the questionnaire in populations 
with varying severity and complexity of integral health status (physiological functioning, 
symptoms, functional impairments and QoL).16 The fi rst sample was a group of patients 
selected from the outpatient clinic. The second was a random patient sample from the 
outpatient clinic. The third was a sample of patients entering an inpatient pulmonary 
rehabilitation program. We expected all stages of the grieving process to be represented in 
these samples. 

Primary study sample (Primary sample). A cohort of 145 patients from the outpatient clinic with 
stable moderate to severe COPD (percentage of forced expiratory volume in 1 s (FEV1%) of the 
predicted value between 30% and 80% 2) was used for analyses in step 5, 6, 7 and 9 (Figure 1). 
Exclusion criteria were primary comorbidity, and participation in a pulmonary rehabilitation 
program in the past 6 months. Patient characteristics are shown in Table 1. The Medical Ethics 
Committee approved the study and all patients gave informed consent. For more details on 
the study procedure, see elsewhere.16

Outpatient sample (OP Sample). The second sample, used in step 5, 6 and 9 (Figure 1), consisted 
of 303 patients visiting the outpatient clinic. Patients were recruited for a randomised controlled 
trial (RCT) at the Radboud University Medical Centre, the Netherlands (for details about the 
primary purpose and procedure of the RCT see clinicaltrials.gov trial number NCT00940355). 
For the current study, only the baseline assessment was used. Disease severity ranged from 
mild to very severe (percentages of FEV1 of the predicted value varying from >30% to <80%). 
The most important diff erence between this sample and the primary study sample was that 
all outpatients were included, regardless of disease severity or primary comorbidities. The 
Medical Ethics Committee approved the study and all patients gave informed consent.
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Table 1. Demographics of the primary, outpatient (OP), and pulmonary rehabilitation (PR) study sample. 
Presented as frequency (%) or mean (SD).

Primary sample OP sample PR sample

N 145 303 127

Male (%) 111 (76.6) 209 (69.0) 81 (63.8)

Mean age (SD) 65.8 (9.0) 66.5 (10.1) 60.1 (9.2)

Range 43.6-82.0 36.0-89.0 39.5-78.0

Mean FEV1 L (SD) 1.56 (0.47) 1.62 (0.65) 1.04 (0.48)

Mean FEV1% pred (SD) 53.6 (14.0) 58.7 (21.0) 34.6 (12.9)

Mean BMI (SD) 25.9 (4.1) 26.5 (4.5) 24.6 (4.4)

Education

Low (%) 70 (48.3) 138 (45.5) 57 (44.9)

Middle (%) 52 (35.9) 101 (33.3) 45 (35.4)

High (%) 20 (13.8) 62 (20.5) 21 (16.5)

Missing 3 (2.1) 2 (0.7) 4 (3.1)

Personal situation

Married/partner (%) 112 (77.2) 221 (72.9) 100 (78.7)

Divorced (%) 9 (6.2) 17 (5.6) 10 (7.9)

Widowed (%) 12 (8.3) 30 (9.9) 7 (5.5)

Single (%) 10 (6.9) 33 (10.9) 7 (5.5)

Missing 2 (1.4) 2 (0.7) 3 (2.4)

Pulmonary rehabilitation sample (PR Sample). The third study population, used in step 5, 6, 8 and 
9 (Figure 1), consisted of 127 patients participating in a 12-week inpatient multidisciplinary 
pulmonary rehabilitation program. The pulmonary rehabilitation program is available for 
patients with severe problems in multiple aspects of physiological functioning, functional 
impairments, symptoms and QoL. Inclusion in the pulmonary rehabilitation program involves 
a 3-day assessment by seven disciplines (pulmonary physician, clinical psychologist, nurse, 
physical therapist, dietician, psychomotor therapist and social worker), extensive physical tests, 
and questionnaires for standardised assessment of health status. Most patients had severe to 
very severe COPD (FEV1% <50%). Assessments took place within the usual care procedure.

Measurements
Psychological measurements: illness cognitions were measured by the Illness Cognitions 
Questionnaire (ICQ).14 This questionnaire measures acceptance, helplessness, and perceived 
benefi ts. Anxiety was measured by the subscale Anxiety of the Symptom Checklist.17 Depression 
was measured by Beck’s Depression Inventory.18 QoL was measured by the Satisfaction with 
Life Scale.19 Irrational beliefs, specifi cally worrying, rigidity and problem avoidance, were 
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assessed by the Irrational Beliefs Inventory.20 Self-effi  cacy concerning dyspnoea was measured 
by fi ve questions, compiled to one total score.21

Disease-related measurements: dyspnoea was measured by Physical Activity Rating Scale- 
Global Dyspnea Activity (PARD-d),16 Fatigue was measured by Physical Activity Rating Scale- 
Global Fatigue Activity (PARS-f ).16 Impairments were measured by the subscales Home 
Management and Ambulation of the Sickness Impact Profi le (SIP),22,23 Disease-specifi c health 
status was measured by the Saint George’s Respiratory Questionnaire (SGRQ).24 Pulmonary 
function tests were performed to assess the post-bronchodilator FEV1 as percentage of 
predicted FEV1, using the Jaeger Masterlab spirometer according to European Respiratory 
Society (ERS) criteria,25 and fat-free mass index (FFMI) was measured. 

Statistical analyses
Internal validity
Exploratory factor analysis (EFA) was performed on the primary sample. First, a maximum 
likelihood factor analysis was done to test whether or not all items could be explained by a 
single factor.

Then, principal components factor analysis was performed. Oblique rotation was used to 
allow factors to be related. The number of factors in the solution was based on inspection of 
the scree plot and Jolliff e’s criterion that eigenvalues should be over .70.26 Factor loadings of 
.50 and more were considered relevant with sample size.27

Internal consistency was tested with Cronbach’s alpha reliability coeffi  cients in all three study 
samples. To maximise homogeneity within each factor, items that suppressed reliability could 
be deleted. An alpha over .80 is generally considered to indicate a reliable measure.28

To examine whether the three study samples diff ered on subscales of the ADIQ, univariate 
analysis of variance (ANOVA) was performed for each subscale of the ADIQ. Tukey’s post hoc 
tests were used to determine which samples diff ered from each other.

External validity
Once the factor structure was established in the primary sample, confi rmatory factor analyses 
(CFAs) were performed to investigate whether the structure would also fi t the OP and PR 
Samples. First, the model was tested in each study sample separately. In these analyses, 
variances and covariances were freely estimated. Then, three diff erent models with increasing 
constraints were tested in the study samples together in a multigroup analysis. The fi rst model 
constrained the variability of the item loadings between the study samples, the second model 
constrained the item loadings and interfactor correlations, the third model constrained the 
item loadings, interfactor correlations, and error variances.
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Goodness of fi t was evaluated with several measures; χ2/df indicates a good model of fi t when 
the value is below 2,29 The root-mean-square error of approximation (RMSEA) provides a measure 
of model fi t relative to the population covariance matrix, weighted by model complexity. A 
close fi t is indicated when the values are below .05 in larger samples. Values between .05 and 
.08 represent a moderate fi t.30 The comparative fi t index (CFI) and the Tucker-Lewis index (TLI) 
represent goodness of fi t of the hypothesised model compared to the independent model. The 
CFI is relatively independent from sample size and distribution. Values above .95 are considered 
to indicate a good fi t, between .90 and .95 indicate a moderate fi t.31

Construct validity
Construct validity was tested in the primary sample by means of convergent and divergent 
validity. Convergent validity was tested with the comparison of the Acceptance subscale of 
the ICQ and the Acceptance subscale of the ADIQ. The (absence of ) relationships between 
the subscales of the ADIQ and illness cognitions, anxiety, depression, QoL, irrational beliefs, 
self-effi  cacy, dyspnoea, fatigue, impairments, health status and physiological measures were 
examined to determine divergent validity.

Variables with correlations of .70 or more were considered to measure the same concept 
[32]. Thus, correlations over .70 were expected for convergent validity. For divergent validity, 
correlations should be low, thus not exceed.49,33

Spearman’s rank correlations were used for these analyses, because not all instruments had a 
normal distribution. 

Sensitivity to change
Sensitivity to change was tested in the PR sample. These patients underwent an intensive 
inpatient, multi-disciplinary pulmonary rehabilitation program. Next to physical therapy 
and education, patients had individual sessions with the clinical psychologist, pulmonary 
physician, pulmonary nurse, dietician, psychomotor therapist, art therapist, and social worker. 
Acceptance and adaptation to the disease are major topics during rehabilitation. At the end 
of rehabilitation, after 12 weeks, a follow-up assessment took place. Although 12 weeks is a 
relatively short time for changes in the grieving process, some diff erences could be expected. 
Paired-sample T tests of baseline and follow-up measurement were performed on each subscale. 

Floor and Ceiling E� ects
Floor and ceiling eff ects were examined in each study sample. If more than 15% of the patients 
have the lowest or highest possible score, a fl oor or ceiling eff ect, respectively, is considered 
present.34

Analyses were performed using SPSS 16.0 statistical software and Amos 5 statistical software.
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Results

The demographic variables of the three study samples are shown in Table 1. 

Internal validity
The maximum likelihood factor analysis showed that one factor could not explain the 
relationships between the items (goodness of fi t: p< .001). Principal components analysis 
yielded a 4-factor solution, explaining 73.2% of variance. Factor loadings are shown in Table 2. 

Table 2. Loadings of principal component factor analysis with oblique rotation and communality 
coeffi  cients (h2) of the primary study sample.

Factor 1:
denial

Factor 2:
resistance

Factor 3:
sorrow

Factor 4:
acceptance

h2

I sometimes pretend that I do not have any 

impairments.

.81 .10 -.05 -.05 .66

I do not want to be confronted with my 

impairments.

.79 .03 .15 -.04 .65

I try to ignore my impairments. .84 -.07 .03 .09 .75
I try to forget my impairments as much as possible. .79 -.05 -.05 .06 .65
I become angry when I notice that I cannot do 

something anymore.

.05 .87 .03 .07 .80

I feel frustrated by my impairments. -.06 .85 .04 -.03 .77
I become angry when I experience an impairment. .02 .89 -.04 -.04 .78
I become sad when I notice that I cannot do 

something anymore.

.14 .02 .87 -.05 .82

I become sad when I think about my impairments. -.02 .00 .90 -.01 .81
I become sad when I experience an impairment. -.02 .14 .80 .04 .77
I have learned to live with my illness. -.09 .05 .20 .82 .62
I can accept my illness. .06 .01 -.18 .79 .73
I can accept my impairments. .15 -.00 -.22 .73 .72
I have learned to live with my impairments. .01 -.11 .01 .82 .74

Cronbach’s alpha reliability coeffi  cients of all samples are presented in Table 3. In the primary 
sample, the alpha of acceptance would increase from .83 to .85 if item 11 would be deleted, 
but then the alpha’s would decrease in the OP and PR samples (to .80 and .82 respectively). 
The item was, therefore, maintained. Reliability was good to excellent for all subscales in all 
study samples. 

Mean and standard deviation (SD) of the subscales of the ADIQ of each sample are presented 
in Table 3. Analyses of variance demonstrated that the PR sample diff ered from the primary 
and OP sample on each subscale of the ADIQ (p<.01). No diff erences were found between the 
primary and OP sample.
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Table 3. Mean, standard deviation (SD), Cronbach’s reliability coeffi  cients (α), and fl oor and ceiling scores 
(%) of the subscales of the ADIQ, for the primary, outpatient (OP), and pulmonary rehabilitation (PR) study 
samples.

Denial Resistance Sorrow Acceptance

Mean (SD)

Primary sample 2.51 (0.87) 2.03 (0.95) 2.01 (0.92) 2.96 (0.80)

OP sample 2.49 (0.81) 2.06 (0.94) 1.92 (0.86) 2.86 (0.89)

PR sample (baseline) 2.11 (0.76)* 2.48 (0.98)* 2.47 (1.01)* 2.07 (0.75)*

PR sample follow-up$ 1.93 (0.65)** 2.09 (0.90)** 2.04 (0.83)** 2.47 (0.80)**

Cronbach’s α

Primary sample .83 .85 .88 .83

OP sample .79 .85 .81 .85 

PR sample .80 .87 .91 .84

Floor %

Primary sample 3.4 24.8 30.3 1.4

OP sample 5.3 24.1 28.7 4.6

PR sample 8.7 8.7 15.0 15.0

Ceiling %

Primary sample 9.7 6.2 3.4 17.2

OP sample 6.3 6.9 4.6 17.8

PR sample 3.1 17.3 15.7 1.6

$n= 125; *p<.01 (signifi cantly diff erent from the respective subscales in the primary and OP sample); **p<.01 
(signifi cantly diff erent from the respective subscales in the baseline PR sample)

The subscale intercorrelations (see Table 4) showed no conceptual similarities. Diff erent 
patterns in correlations emerged between the samples. For example, denial and acceptance 
are correlated in the primary and OP sample, but not in the PR sample. In the PR sample, 
statistically signifi cant correlations were present between denial and resistance and sorrow, 
which were not seen in the primary sample and OP sample. 
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Table 4. Intercorrelations of the subscales of the ADIQ, for the primary, outpatient (OP), and pulmonary 
rehabilitation (PR) study samples.

Denial Resistance Sorrow Acceptance

Primary sample

Denial 1

Resistance .19* 1

Sorrow .12 .64** 1

Acceptance .40** -.14 -.18* 1

OP sample

Denial 1

Resistance -.01 1

Sorrow .09 .60** 1

Acceptance .39** -.31** -.30** 1

PR sample

Denial 1

Resistance .25** 1

Sorrow .27** .63** 1

Acceptance .05 -.21* -.32** 1

*p<.05; **p<.01

External validity
Confi rmatory factor analyses were then used to test the goodness of fi t of the 4-factor model 
(Figure 2). Results are shown in Table 5. In the analyses on the separate patient samples, the 
model fi tted well in the primary sample and PR sample, and moderately in the OP sample. 
Multiple group analyses showed moderate to good fi t even in the most constrained model. 

Construct validity
Convergent validity was tested with correlations between the Acceptance subscale of the 
ADIQ and the Acceptance subscale of the ICQ. Results are shown in Table 6. As expected, 
the two Acceptance subscales showed conceptual similarity, and correlations between ICQ 
Acceptance and ADIQ Denial, Resistance and Sorrow were low.

In line with our expectations on divergent validity, all other psychological and disease-related 
measures had correlations lower than .49 with any subscale of the ADIQ, thus did not measure 
the same constructs as any subscale of the ADIQ. 
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Denial

Resistance

Sorrow

Acceptance

Item 1

Item 2

Item 3

Item 4

0.65
0.66
0.79
0.77

Item 5

Item 6

Item 7

Item 8

Item 9

Item 10

Item 11

Item 12

Item 13

Item 14

0.78
0.82
0.85

0.85
0.82
0.77
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0.82
0.81
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-0.29
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e

e
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e
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Figure 2. The standardised estimates for the 4-factor model tested with Confi rmatory Factor Analysis.  

Table 5. Confi rmatory factor analysis of the 4-factor model for the primary, outpatient (OP), and pulmonary 
rehabilitation (PR) study samples, and multiple group analyses. 

χ2 (df) χ2/df TLI CFI RMSEA

Individual analyses unconstrained

Primary sample 98 (71) 1.38 .965 .973 .052

OP sample 220 (71) 3.10 .901 .923 .083

PR sample 110 (71) 1.55 .944 .956 .066

Multiple group analyses

Unconstrained 428 (213) 2.01 .928 .944 .042

Model 1 459 (233) 1.97 .931 .941 .041

Model 2 495 (253) 1.96 .932 .937 .041

Model 3 552 (281) 1.97 .931 .929 .041

χ2: chi square; df: degrees of freedom; TLI: Tucker-Lewis index; CFI: comparative fi t index; RMSEA: root-mean-square 
error of approximation; model 1: item loadings constrained; model 2: item loadings and interfactor correlations 
constrained; model 3: item loadings, interfactor correlations, and error variances constrained.



Chapter 6

122

Table 6. Correlations of the subscales of the ADIQ with other psychological constructs and measures of 
health status in the primary study Sample. 

Denial Resistance Sorrow Acceptance

Psychological measures

ICQ-acceptance .33** -.17* -.27** .71**

ICQ-helplessness -.23** .27** .32** -.32**

ICQ-perceived benefi ts .26** .04 .10 .32**

SCL-anxiety -.04 .35** .34** -.26**

BDI -.17* .40** .40** -.38**

SWLS .20* -.32** -.34** .35**

Self-effi  cacy (dyspnoea) .09 -.03 -.06 .28**

IBI-worrying .01 .30** .30** -.22*

IBI-rigidity .11 .04 .07 .03

IBI-emotional irresponsibility .04 .10 .12 -.15

IBI-demand for approval .01 .06 .13 -.10

IBI-problem avoidance -.09 .05 .14 -.11

Disease-related measures

PARS global dyspnea activity -.32** .18* .34** -.29**

PARS global fatigue activity -.22** .23** .30** -.22**

SIP home management -.35** .08 .16 -.27**

SIP ambulation -.40** .03 .18* -.31**

SGRQ total# -.31** .29** .29** -.38**

FEV1% predicted .28** .03 -.07 .29**

FFMI -.05 -.03 .01 -.02

ICQ: Illness Cognitions Questionnaire; SCL: Symptom Checklist; BDI: Beck’s Depression Inventory; SWLS: Satisfaction 
with Life Scale; IBI: Irrational Beliefs Inventory; PARS: Physical Activity Rating Scale; SIP: Sickness Impact Profi le; SGRQ: 
Saint George’s Respiratory Questionnaire; FEV1: Forced Expiratory Volume in 1 s; FFMI: fat-free mass index. 
#Higher score means worse health status; *p<.05; **p<.01.

Sensitivity to change
Statistically signifi cant diff erences were found between the baseline and follow-up assessment 
of the PR sample on each subscale of the ADIQ. Means of the follow-up assessment are shown 
in Table 3.

Floor and ceiling eff ects
The percentages of patients scoring the highest or lowest possible scores in each study 
sample are shown in Table 3. The percentages of fl oor and ceiling scores varied between the 
samples. Only in the subscale Sorrow a fl oor eff ect was seen, though again percentages varied 
widely between samples.  
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Discussion 

The hypothesised stages of the grieving process denial, resistance, sorrow and acceptance 
were found as distinct stages in the data of diff erent samples of patients with COPD. 
Furthermore, the ADIQ showed excellent psychometric properties and is a valid and reliable 
instrument to measure the four stages of the grieving process in COPD.

As expected, diff erences were observed in ADIQ scores between the primary sample and OP 
sample on the one hand, and the PR sample, on the other hand. The PR sample reported less 
denial and acceptance, and more resistance and sorrow than both the primary and OP samples. 
The latter two samples are representative for the general COPD population. The PR sample, 
on the other hand is a highly selective subgroup of the COPD population, characterised by 
severe disease and severe problems in multiple aspects of health status, including having 
problems accepting the disease. The signifi cantly lower scores on denial, higher scores on 
resistance and sorrow, and lower score on acceptance compared to both primary and OP 
samples correspond with our clinical experience. These patients have acknowledged their 
severe problems and have agreed to participate in PR, which is refl ected in the low scores on 
denial. Giving up denial means being confronted with the severe problems the patient faces. 
This initially results in higher scores on resistance and sorrow, and lower scores on acceptance. 
At the end of the 12-week pulmonary rehabilitation program, scores on resistance have often 
declined, and scores on sorrow are unchanged, or have even increased. This is a prelude to 
growing acceptance. An increase in acceptance, however, is commonly observed later at the 
3- or even 12-month follow-up. Thus, patients enrolled in the inpatient pulmonary program 
commonly are further in their acceptance process than outpatients. 

With the progression of the disease, new impairments or situations could cause a relapse into 
previous stages. So if the predominant stage of a patient was acceptance, he could ‘fall back’ 
to resistance and/or sorrow.

Chronic heart failure, diabetes mellitus, chronic pain, rheumatoid arthritis, and multiple 
sclerosis are all progressive chronic diseases with often a gradual increase of symptoms 
and impairments, as has COPD. In these diseases, positive infl uence has been reported of 
acceptance on several aspects of health status.6-15 From the present study, it can be concluded 
that the area of nonacceptance is formed by three distinct stages (i.e., denial, resistance, and 
sorrow) in COPD. It would be expected that these stages can also be identifi ed in other 
chronic illnesses such as the abovementioned, because of their slowly progressive nature. 
Furthermore, we found that not only acceptance is associated with health status in COPD, 
but denial, sorrow, and resistance are as well. Future research is needed to further clarify if the 
stages of nonacceptance can be identifi ed in other chronic illnesses, and how the stages of 
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denial, resistance and sorrow are associated with important outcome measures such as health 
status and self-management in these illnesses.

To optimise his or her well-being, a patient with COPD should engage in disease management 
behaviours such as adherence to medication regimens, change of life style habits (stop 
smoking, regular exercise, healthy nutrition), use of adequate breathing regulation techniques, 
learning adequate energy-saving strategies, etc. It is imperative to note that in all these self-
management activities, behaviour change by the patient is crucial.35

Many self-management programs have been developed for diff erent diseases with often 
disappointing results, especially in the case of education programs.36-38 In addition, poor 
adherence to medication regimens is reported in many diseases.39-41 This can be explained 
by the fact that self-management programs focus on the end-point self-management 
behaviours and, generally, do not include interventions targeted at fi rst increasing motivation 
of patients to change their behaviour. 

The stages of nonacceptance could play a major part in a patient’s poor motivation to change 
behaviour.4 Consequently, fi rst addressing the specifi c grieving stage may be the intervention 
needed to increase the patient’s motivation to adopt adequate self-management behaviours.3

For example, a patient who has high scores on denial may not fi nd any reason to change 
behaviour, as ‘things are fi ne’. Especially in slowly progressive diseases, trivialisation and denial 
can play an important role for many years. Decreased exercise capacity or even breathlessness 
often are attributed to ‘getting older’ or a poor physical condition. An intervention on motivation 
fi rst has to increase awareness of the patient about the severity of the situation. Patients with 
a high score on resistance generally acknowledge their disease and impairments, but are very 
reluctant to give up any of their activities and habits (‘I defi nitely want to resume my old life’). 
These patients will not be inclined to pursue personally unattractive self-management goals, 
such as stop smoking or regular exercise. In this situation, an intervention focuses on the 
disadvantages of resistance (more dyspnoea and fatigue, emotional turmoil, and poor QoL) 
and the advantages of letting resistance go (less dyspnoea, fatigue, emotional turmoil, and 
better QoL). A patient with a high score on sorrow may be sad, pessimistic and passive. This 
patient should receive an intervention that provides a perspective of possible improvement 
of the situation, and receive directive guidance to become a more active participant in the 
process to achieve this. Future studies are needed to provide empirical evidence for these 
clinical observations, and could clarify the relationship between grieving stages and the 
adoption of and adherence to health behaviours, such as stop smoking and regular exercise. 
In conclusion, the ADIQ can assess several stages of nonacceptance in patients with COPD, 
thereby it may be a very useful instrument to formulate patient-tailored treatment goals in 
clinical practice, and to help increase patients’ motivation for self-management. 
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The ov erall aim of the research that constitutes this thesis was to contribute to enhancing 
self-management of exacerbations of patients with COPD by improving measurement of 
exacerbations and patient-tailored support. 

Since the impact of COPD exacerbations may be attenuated by early treatment, it is 
important that patients 1) recognise, and 2) adequately and swiftly respond to an imminent 
exacerbation. These two actions defi ne exacerbation self-management behaviour. Results 
on the eff ectiveness of interventions to support COPD patients in their exacerbation self-
management are inconsistent, and adherence to self-management interventions is often low. 
Studies on self-management interventions show a wide variety in exacerbation defi nitions 
and measures which are not always in line with the aims of self-management behaviour 
support, i.e. decreasing the risk of complications by improving early treatment. Also, there is 
a need to study how adherence and thereby eff ectiveness of self-management interventions 
can be improved by optimisation of patient-tailored support. 

First, with respect to research on measurement of exacerbations, we demonstrated that 
patient-reported exacerbations can be validly measured with TEXAS, an automated telephonic 
exacerbation assessment system (Chapter 2). Furthermore, we showed that the outcome 
measure ‘exacerbation-free time per year’ may be a preferred way to refl ect the impact of 
COPD exacerbations on individual patients compared to exacerbation frequency (Chapter 3). 

Second, with respect to patient-tailored support of COPD exacerbation self-management 
at home, we found that the mHealth application to support patients’ exacerbation self-
management (ACCESS) is a valid and safe tool to be used by COPD patients (Chapter 4). In a 
randomised controlled trial, we found no statistically signifi cant diff erence between ACCESS 
and care as usual with a written exacerbation action plan regarding our primary outcome 
‘exacerbation-free time per year’. However, patients reported to have used ACCESS more 
frequently during the study than the action plan, and valued it as a more supportive tool. 
(Chapter 5). 

Third, to support the communication on patient’s acceptance of disease and impairments 
which may improve adherence to self-management interventions, we developed and 
validated the ADIQ, an instrument to address the stages of grief and accompanying emotions 
in the consultation room (Chapter 6). 

These three topics are discussed below, in light of the results described in this thesis and the 
current scientifi c literature. The chapter ends with future perspectives regarding these topics. 
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Outcome measures for COPD exacerbations 
In clinical practice and scientifi c research, COPD exacerbations can be expressed in terms of 
exacerbation frequency, severity, or duration. Until now, exacerbation frequency has received 
most attention, and severity and duration of exacerbations are rarely reported in COPD self-
management intervention studies, and if so, only as secondary outcomes. 

In contrast to exacerbation duration and severity, which are measured per exacerbation, 
exacerbation frequency is measured per patient. This makes exacerbation frequency a 
relatively easy-to-use outcome measure for the patient’s disease burden, as the information 
can be retrieved from the patient’s medical record or asked to the patient in a yearly 
monitoring consultation for instance. However, it could be questioned whether exacerbation 
frequency truly refl ects the impact of COPD exacerbations from the perspective of the 
individual patient. For example, two patients may both have experienced three exacerbations 
for which prednisolone was prescribed in the previous year. For the fi rst patient, the three 
episodes had a total duration of fi ve weeks, but for the other patient these three episodes 
took a total recovery time of fi ve months. Obviously, the diff erence in impact of the three 
exacerbations on disease burden between these patients is substantial. Furthermore, since 
self-management interventions are not designed to prevent exacerbations but to limit their 
impact by early recognition and prompt treatment of symptom worsening, the duration 
and/or severity of the exacerbation episodes may be a more suitable measure of such an 
intervention’s eff ectiveness than exacerbation frequency. 

In Chapter 3 we introduced the concept of ‘time without exacerbation’ (i.e., the complement 
of the total duration of exacerbations in any given period) as an alternative way to refl ect the 
impact of COPD on the individual patient. We found that ‘time without exacerbation’ varied 
widely between patients and was only weakly related to exacerbation frequency in patients 
with three or more exacerbations per year (i.e., r=-.25). This fi nding off ers a way to further 
diff erentiate within the heterogeneous group of COPD patients with frequent exacerbations. 
For example, patients with frequent and long exacerbations may have diffi  culty in recognising 
or responding to an exacerbation promptly, and need more intensive self-management 
support than patients with frequent but short exacerbations. Thus, knowing overall time 
without exacerbation of their COPD patient population may help healthcare professionals to 
prioritise which patients to off er self-management support fi rst.

Also, the study described in Chapter 3 demonstrated that ‘time without exacerbation’ may 
better refl ect the impact of exacerbations on the individual patient than exacerbation 
frequency does, since it was stronger related to health status than exacerbation frequency. This 
fi nding is in line with the study of Donaldson et al. who showed that prolonged symptomatic 
exacerbation duration is associated with poorer health status, independent of exacerbation 
frequency.1
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Although our automated telephonic exacerbation assessment system TEXAS appeared to 
have a high validity for measuring exacerbation frequency (Chapter 2), it could be questioned 
whether this tool is also suitable for measuring exacerbation-free time as we did in the study 
described in Chapter 3. 

In Chapter 2 we developed TEXAS to measure the occurrence of exacerbations by two-weekly 
calls. This could have resulted in an underestimation of ‘time without exacerbation’ in Chapter 
3, since the time period connected to a TEXAS call was dichotomous: it either counted as 
two ‘exacerbation-free weeks’, or two ‘exacerbation weeks’. For example, if a patient had an 
exacerbation of four days in one week, it would be reported in TEXAS as a (fortnightly) call with 
an exacerbation, which in the study in Chapter 3 would imply zero exacerbation-free weeks, 
instead of one exacerbation-free week and one ‘exacerbation week’. Therefore, in the study 
described in Chapter 5 we changed the frequency of calls from two-weekly to every week, to 
increase measurement precision and obtain more detailed information on exacerbation-free 
weeks. We found a mean of 29.3 (± 14.1) exacerbation-free weeks, which is lower than the mean 
of 33.4 (± 12.5) weeks that we found in Chapter 3. These means seem in line with each other, 
since the study population in Chapter 5 had worse disease severity than the study population 
in Chapter 3. In post-hoc analyses of the multi-national RESTORE study exacerbation-free 
time was also used as an outcome measure.2 In this placebo-controlled medication trial in 
patients with moderate to severe COPD, respiratory symptoms were assessed daily during 
the 12-month follow-up.2 This study found an average of 222 exacerbation-free days in the 
placebo group, which translates to 31.7 weeks, which is comparable to our fi ndings. Although 
these fi ndings do not rule out underestimation of exacerbation-free weeks in Chapter 3, they 
consistently show that patients have a substantial amount of weeks per year that they suff er 
from exacerbation.

The third dimension of exacerbations, namely severity, is often scored based on the type of 
the treatment, i.e. if no prednisolone or antibiotics are prescribed, the exacerbation is labelled 
as ‘mild’, if prednisolone or antibiotics treatment is required the exacerbation is considered 
‘moderate’, and if a hospital admission is required the exacerbation is considered ‘severe’. 
Recently, a more patient-oriented measure has been developed in which the symptomatic 
severity of the exacerbation can be quantifi ed by a standardised method, called ‘EXACT’.3-5

EXACT assesses exacerbations based on fourteen questions about respiratory symptoms and 
additional attributes that patients answer on a daily basis. The questions are answered on 
a 5-point scale (‘not at all’ to ‘extremely’) and transformed to a 0 to 100 interval-level scale 
with logit scoring (exactproinitiative.com). This validated, patient-reported measure is clearly 
a step forward for research based on patient-reported exacerbations, for it provides insight 
in the severity of all exacerbations, including those that are not reported to a healthcare 
professional, when assessing the impact of exacerbations in patients with COPD. However, 
the EXACT instrument measures the severity of each exacerbation separately, while 
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exacerbation frequency and our newly proposed exacerbation-free time are measured over 
a certain period of time. These diff erent measurement units (i.e. severity per exacerbation vs. 
exacerbation frequency and exacerbation-free time per patient) make it diffi  cult to examine 
the relationship between these three dimensions (i.e. frequency, duration and severity) 
at this moment. Further research is necessary to determine whether a meaningful overall 
measure, also including exacerbation severity on patient level (e.g. exacerbation severity per 
patient per year), can be validly measured and computed, and if such an aggregated measure 
incorporating the three dimensions of exacerbations refl ects the impact of exacerbations on 
patients better than each dimension separately.

Patient-tailored support tools for exacerbation self-management
After its successful development, validation and use of TEXAS as an electronic tool to measure 
patient-reported outcomes in exacerbation-related research, we aimed to convert this research 
instrument into a patient support tool. As suggested by Sobnath et al.,6 TEXAS could be used 
as a remote monitoring instrument. However, our goal was not just remote monitoring, but 
supporting patient-tailored self-management independent of a healthcare professional. In 
previous studies from our research group, we found that patients’ adherence to the available 
support, i.e. a written action plan, could still be improved, as patients often failed to follow the 
instructions that are given in such a written action plan.7,8 Thus, we expected there was room 
for improvement. Besides, patient evaluations showed that patients preferred advice that was 
more tailored than the written action plan could provide, and that patients often lost their 
paper plan throughout the year.9 These factors motivated us to develop ACCESS, in which 
we combined a mobile phone application with artifi cial intelligence to detect exacerbations, 
self-monitoring of physiological parameters,10 and automated clinical treatment advice (see 
Chapter 4).

Obviously, we have not been the fi rst research group that explored this new area of smart 
digital support tools. In recent years, the interest in both digital health solutions and artifi cial 
intelligence in healthcare has increased globally.11,12 However, only few of the available 
e-health applications for COPD have been scientifi cally investigated regarding validity, 
safety, and (cost-)eff ectiveness.6,13 Furthermore, of many of the exacerbation-management 
e-health interventions that have been scientifi cally evaluated, the eff ectiveness remains 
inconclusive.13-19

Looking at recent literature, it seems that ACCESS can still be regarded as innovative, despite 
the years it took to develop and test the application. In contrast to most of the recent (remote) 
monitoring applications,20-25 a unique feature of ACCESS is that, based on the patient’s 
own input, various pieces of specifi ed, automated advice can be provided to the patient. 
In addition to advice in case of an imminent exacerbation, ACCESS also provides advice in 
case of regular, daily symptom fl uctuations, such as advice to use breathing or coughing 
techniques, whereas in existing remote monitoring interventions, healthcare professionals 
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only contact patients in case of an imminent exacerbation.20-23 Another attractive feature of 
ACCESS is that no daily input is required. Many patients prefer not to be occupied with their 
disease every day,26,27 so obligatory daily monitoring may be experienced as a burden.28 This 
choice to use ACCESS at one’s own discretion, as well as the automated advice on symptom 
changes, leave responsibility for self-management entirely with the patient, which is valued 
by some patients.27,29 The use of algorithms and artifi cial intelligence to adequately detect or 
predict exacerbations is also seen in other studies,30-32 but in most cases the use of artifi cial 
intelligence appears to be limited to alerting healthcare professionals in remote monitoring of 
patients’ daily symptom input. To our knowledge, only one digital self-management support 
application, called EDGE, has features similar to ACCESS at this time. EDGE is a tablet-based 
application with several components, such as self-monitoring with symptom diaries and pulse 
oxygen saturation measurement, educational videoclips and automated exacerbation alerts 
for patients.33-35 Alerts are patient-tailored, and based on artifi cial intelligence.32 Patients are 
encouraged, but not obliged, to use EDGE daily, and input is monitored only weekly; patients 
are to initiate action themselves. In a recent randomised controlled trial, Farmer et al. found no 
diff erences between EDGE and usual care (which included information on exacerbations and 
an action plan) on exacerbation frequency, hospital admissions and COPD-specifi c health-
related quality of life, but did fi nd an improvement in general health-related quality of life and 
reported less consultations with the nurse practitioner in the intervention group.35

As described in Chapter 5, we found no eff ect of ACCESS on exacerbation-free time, compared to 
the use of an exacerbation action plan. Perhaps this was due to the heterogeneous population 
of the study. ACCESS was examined in a pragmatic randomised controlled trial, which means 
that the study population should be representative for, and thus be as heterogeneous 
as, the target population.36 However, in a pragmatic trial it is diffi  cult to achieve suffi  cient 
statistical power. The large clinical heterogeneity leads to statistical heterogeneity (resulting 
in a larger standard deviation), having impact on the sample size required to demonstrate 
statistical signifi cance. Many review articles conclude that more randomised controlled 
trials, with larger trial samples are necessary to draw conclusions regarding eff ectiveness of 
digital health tools,13,15,18,37 but one could wonder whether traditional randomised controlled 
trials in a ‘general’ COPD population are the way to go to test the eff ectiveness of a specifi c 
supportive tool such as ACCESS. E-health may be attractive, and thus more benefi cial, for only 
a certain group of patients with an interest in technology.27,38 So, to resemble future clinical 
practice, studies should perhaps only focus on those patients that are actually willing to use 
digital health support tools. Another discrepancy between study circumstances and actual 
practice was reported by Willis et al.,39 who found that patients participated in their COPD self-
management intervention study mainly for altruistic reasons, instead of personal benefi t from 
a particular treatment, which in clinical practice would be the primary motivation. Participants 
expecting to benefi t personally from the intervention were most likely to actively engage 
in self-management.39 So, an mHealth intervention study would want to include patients 
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who are interested in the use of the digital support tools and whose primary motivation to 
participate is to improve their own circumstances. However, this may backlash in a traditional 
randomised controlled trial with parallel arms, since participating patients cannot choose 
their preferred (personally benefi cial) trial arm. Not being randomised to the preferred trial 
arm may negatively infl uence motivation and adherence, which could in turn aff ect study 
results.40 So, designing large randomised controlled trials, even when pragmatic in nature, 
to study the eff ectiveness of a digital support tool may not be suffi  ciently representative to 
examine its eff ectiveness in clinical practice. What study design would be preferable remains 
a challenge. Perhaps a randomised trial with a stepped wedge design instead of parallel arms 
would be suited, in a patient population that is specifi cally interested in the use of an mHealth 
support tool for their own benefi t. In such a study, all patients receive the intervention, but at 
diff erent time frames.41,42 Patients (or clusters) are randomised to a time slot. The period prior 
to the start of the intervention functions as a control period, and is thus longer for some than 
others, depending on the time slot randomised to. One diffi  culty may be that patients could 
still become demotivated during the control period, having to wait for the intervention they 
are eager to start with. However, the advantage over a traditional randomised controlled trial 
would be that all patients do receive the intervention. 

With regard to ACCESS, in Chapter 5 it was not examined whether patients were adherent 
to the study protocol, i.e. using either ACCESS or the exacerbation action plan when their 
symptoms were worsening. Results of the evaluation questionnaire showed that more 
patients reported to have used their mHealth tool ‘often’ (scores 6 and 7 on the 7-point 
rating scale) than patients in the control group reported to have used their paper action 
plan (44.4% vs. 17.2%, respectively). In addition, patients using ACCESS valued it as a more 
supportive tool than patients using the paper action plan. Patients considered the usability 
of ACCESS as good. Although post hoc analyses of the trial are needed to see if a clinically 
relevant diff erence in exacerbation-free weeks may emerge among a subgroup of adherent 
participants, it can at this point be concluded that ACCESS is a safe and valid self-management 
application (see Chapter 4). Therefore, ACCESS may be a valuable addition to the toolkit of 
healthcare professionals, off ering COPD patients a choice in support tools, meeting their 
needs and preferences best. Such a patient-tailored approach may improve motivation for, 
and adherence to, the chosen intervention. However, some aspects still need to be studied 
further and improved (see paragraph Future research and development later on).

Support of behaviour change in patients with COPD 
Besides patient-tailored support tools, another important factor to improve adherence 
and adequate self-management is the patient’s emotional state. Negative emotions have a 
negative eff ect on self-management behaviour and adherence.43-45 These negative emotions 
may be related to one of the stages of disease-related grief preceding acceptance of the 
disease.46,47 In Chapter 6, we described a study to develop and validate an instrument to 
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assess these stages of grief, called the Acceptance of Disease and Impairments Questionnaire 
(ADIQ). The ADIQ validly measures four stages of grief, namely denial, resistance, sorrow and 
acceptance. 

Although several studies mention the importance of illness acceptance for engagement in 
self-management,46-50  recent studies reported that many patients with COPD have diffi  culties 
accepting their disease.51-54 Still, systematic support for patients to increase acceptance of their 
disease seems restricted to the few patients who are referred to a psychologist or pulmonary 
rehabilitation.

The ADIQ can be used by healthcare professionals to facilitate conversation with their 
(COPD) patients on this issue. Currently, the ADIQ is part of the Nijmegen Clinical Screening 
Instrument (NCSI) method.47,55 This is a method in which a patient’s health status (measured 
with the NCSI56) and stages of grief (measured with ADIQ) are visually represented on 
a chart (PatientProfi leChart). Since the PatientProfi leChart is based on patient-reported 
outcome measures (i.e. the NCSI and ADIQ), it represents the patient’s own perspective. 
The PatientProfi leChart shows the dominant stage of grief, which enables the healthcare 
professional to start the conversation in the manner that the patient is most receptive to in that 
stage.47 55 Furthermore, for many patients the mere confrontation with the PatientProfi leChart 
already has a therapeutic eff ect. For example, seeing the high score on denial is often enough 
to acknowledge the denial and admit there is more to their story. This method facilitates 
the conversation about the patient’s feelings, impairments and needs, it helps to formulate 
patient-tailored treatment goals, and motivates the patient to change his behaviour towards 
more adequate self-management.47,55,57

The ADIQ, as part of the NCSI method, has been used in the Radboud university medical 
centre since 2005 by the Department of Medical Psychology and the Department of 
Pulmonary Diseases, and recently by the Departments of Cardiology and Internal Medicine 
as well. Also in general practice, the NCSI method including the ADIQ, has been successfully 
implemented, and healthcare professionals and patients are enthusiastic about this patient-
centred approach.57 Patients reported that the confrontation with and discussion of the 
PatientProfi leChart made them more aware of the role of their own behaviour in health 
status problems they experienced. From the perspective of healthcare professionals the most 
prominent experienced benefi t was that the application of this method broke a deadlock 
that often was present for many years in which patients trivialised their healthcare problems 
and were not motivated to adopt adequate self-management behaviours. Future research 
is needed to more specifi cally examine the eff ect of interventions targeted on the stages of 
grief, aided by the ADIQ, on exacerbation self-management. 
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Future research and development
Many questions remain, or have arisen from the studies performed in this thesis, which are 
worth further investigation. 

A further step in the measurement of exacerbation impact would be to examine if exacerbation 
frequency and duration can be aggregated into an integrated score of symptom-based 
exacerbations on patient level. Furthermore, it would be relevant to examine if exacerbation 
severity can be transformed into a meaningful measure on patient level (i.e. exacerbation 
severity per person per year), as we did in this thesis with exacerbation duration. It could 
then be examined how exacerbation severity relates to frequency and duration, and if an 
integration of all three dimensions (i.e. frequency, duration and severity) would make a reliable 
and sensitive outcome measure in COPD exacerbation self-management studies that aim to 
reduce the impact of exacerbations. 

In this thesis, we only examined the relationships of exacerbation frequency and duration 
with health-related quality of life. It would be interesting to use the data from the randomised 
controlled trial described in Chapter 5 to examine the relationship of exacerbation-free time 
and exacerbation frequency, with health status as measured with the NCSI. This may further 
substantiate our conclusion in Chapter 3, namely that exacerbation-free time is a more 
patient-important measure than exacerbation frequency.

With regard to ACCESS, there are several areas in which this intervention may be further 
improved. 
•  The specifi city of ACCESS is moderate to low, which indicates that patients are advised to 
contact their healthcare professional while this may not be necessary. In the current decision 
tree (see Chapter 3), the exacerbation risk calculation of the Bayesian network model is 
often overruled by the perhaps more cautious judgement of the clinical experts. It would 
be interesting to examine the safety and validity of an advice decision tree based primarily 
on the risk calculation of the Bayesian network model, instead of on the combination of 
the Bayesian algorithm and the expert panel’s judgement. This would most likely improve 
specifi city. However, it would probably also reduce sensitivity. Since the aim of ACCESS is to 
reduce patient delay, providing advice to contact a healthcare professional too early should 
be preferred over providing it too late. Hence, it should be critically looked at by the expert 
panel whether the advice to contact a healthcare professional can be based primarily on the 
Bayesian network model or not. 

•   Personalisation of ACCESS could be expanded with artifi cial intelligence. Although ACCESS 
is personalised with individual treatment advice and reference values, artifi cial intelligence 
could be used for personalised cut-off  values to trigger advice, based on knowledge that 
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the system gathers over time of each individual patient and his/her variation in day-to-day 
symptoms, alarming symptoms, needs and preferences.

•  It would be relevant to examine if ACCESS can be expanded to incorporate other morbidities 
than COPD as well, since COPD is often accompanied by other chronic illnesses such as chronic 
heart failure and diabetes mellitus.58 At this moment, ACCESS focuses on exacerbations 
of COPD only and is designed for patients without interfering comorbidities. For instance, 
symptoms of worsened heart failure may resemble those of a COPD exacerbation, but 
require diff erent treatment. Therefore, COPD patients with chronic heart failure may not 
be able to use ACCESS. From a patient-centred view, it would be highly preferable if self-
management advice for one illness does not exclude or contradict advice for other illnesses, 
so ideally all advice is integrated within one safe and valid application. Also, for healthcare 
professionals, one application for multiple diseases would be easier to implement in daily 
care than separate applications for every chronic disease.

With regard to support of behaviour change, the most pressing research question that results 
from this thesis is whether the grieving process is as important in behaviour change and (non)
adherence as we have stated in this thesis. A further exploration on this topic is possible with 
the data from the randomised controlled trial on the eff ectiveness of ACCESS (Chapter 5), by 
studying whether there is a relationship between adherence to the study protocol and the 
stages of grief.

A second step would be to further examine our observations from practice using the NCSI 
to more specifi cally examine the eff ect of discussing their grieving process with patients on 
motivation for behaviour change. In relation to self-management interventions, it would 
be relevant to examine whether assessing and addressing the stages of grief prior to an 
intervention has a positive eff ect on adherence and outcomes.

Also, it needs further scientifi c exploration whether the ADIQ could be used as a screening 
tool in clinical practice to help choose a support tool which fi ts the patient’s needs best. For 
instance, a patient who is predominantly in a stage of sorrow is most likely rather passive in 
his or her self-management. This patient may prefer, and be better supported by, a remote 
monitoring system. When this patient reaches the stage of acceptance and his or her approach 
to self-management becomes more active, constant monitoring may become a burden and 
support tools such as ACCESS may be better suited.

Implications for clinical practice
This thesis has introduced ‘time without exacerbation’ as an alternative to exacerbation 
frequency to evaluate the impact of exacerbations in any given period. Knowing the overall 
duration of exacerbations in addition to exacerbation frequency may provide healthcare 
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professionals with relevant information to off er patient-tailored treatment options such as 
self-management support. 

This thesis has led to two potentially valuable tools to improve COPD exacerbation self-
management, ACCESS and the ADIQ. Both instruments have been proved valid and reliable, 
and both are currently making their way into clinical practice.

ACCESS has received European approval as a medical device (CEE), and has been renamed 
Monitair (www.monitair.com). At this moment, several studies in clinical settings throughout 
the Netherlands are ongoing to examine barriers, facilitators, costs, and eff ects. This will result 
in essential information that is needed for further successful implementation of Monitair in 
clinical practice and reimbursement by health insurance companies. 

As mentioned above, the ADIQ has been incorporated in the NCSI method, which has been 
implemented in COPD care in many general practices, hospitals and tertiary care settings 
throughout the Netherlands. As such, the ADIQ plays a vital role in addressing the patient 
in a patient-centred, rather than in a caregiver-centred way, to have an open conversation 
about the needs of that particular, individual patient. At this moment, our research group is 
studying the eff ects of the NCSI method including the ADIQ as an integral patient-centred 
tool in chronic disease management for patients with multimorbidity (lung disease, and/or 
heart disease, and/or diabetes). 

Overall conclusions and recommendations
In this thesis we primarily focused on measurement and patient-tailored self-management 
support of COPD exacerbations, since exacerbations are a patient-important outcome and 
adequate self-management may limit the impact of exacerbations on patients with COPD.

First, on the measurement of exacerbations, we concluded that exacerbation-free time may 
better refl ect the impact of exacerbations on a patient than exacerbation frequency does. 

Second, with regard to patient-tailored self-management support, we found no eff ect 
of the mHealth application ACCESS on exacerbation-free time in comparison to a paper 
exacerbation action plan. Still, ACCESS is a valid and safe application, which was positively 
evaluated by participants, and may be a valuable support tool for patients who prefer a digital 
self-management application over a paper action plan or telemonitoring. 

Third, with regard to behaviour change, we concluded that the four stages of the disease-
related grieving process (i.e. denial, resistance, sorrow and acceptance) can be validly and 
reliably measured with the ADIQ. This instrument can help healthcare professionals to address 
COPD patients’ emotional state and motivate patients for adequate self-management. 
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In order to improve patient-tailored self-management we recommend 1) healthcare 
professionals involved in COPD patient care to use the ADIQ to address individual patients’ 
emotional state to come to a disease-management plan that is tailored to the patient’s 
needs and preferences of that moment, 2) healthcare professionals to off er ACCESS as an 
alternative to a paper action plan for those patients who prefer an mHealth application, and 
3) COPD researchers to include exacerbation-free time as an outcome measure in COPD (self-
management) intervention studies to assess the impact of exacerbations on patients. 
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Summary 

The overall aim of the research that constitutes this thesis was to contribute to improving the 
self-management of exacerbations by patients with COPD by improving the measurement of 
exacerbations and by improving patient-tailored support

Chapter 1
Due to its slowly progressive nature, COPD poses a heavy burden on patients and society. 
Besides impaired lung function, functional capacity and quality of life, many patients suff er 
from exacerbations of COPD. Exacerbations are episodes of sustained symptom worsening 
that warrant a change in medication. Exacerbations are the main cause of COPD-related 
hospital admissions and death, and accelerate disease progression. Since prompt treatment of 
exacerbations may prohibit escalation, self-management interventions have been developed 
to improve recognition and timely action of patients in case of an imminent exacerbation. 

With respect to patient-tailored care, in the current approach of COPD exacerbation self-
management we observed room for improvement in 1) the way clinicians and researchers 
defi ne and measure outcomes of exacerbation self-management, 2) the way patients are 
supported in exacerbation self-management at home, and 3) the way clinicians support 
behaviour change in patients. In this thesis, we provided novel methods to address these 
issues. 

Chapter 2 
Research on the eff ect of any intervention on COPD exacerbations requires adequate 
measurement of exacerbations. In 2006, we developed the Telephonic EXacerbation 
Assessment System (TEXAS), an automated system that called patients every two weeks to 
record respiratory symptoms, healthcare use and medication use. This method of electronic 
data gathering was expected to be less time consuming for patients and researcher resulting 
in a higher compliance, compared to the commonly used methods of patient diary cards 
or medical records review. In this chapter, the validity of TEXAS was assessed and TEXAS 
was compared to patient diary cards and medical records, using four commonly used 
operationalisations of an exacerbation (two symptom-based and two event-based). Validity of 
TEXAS was high, independent of the operationalisation of exacerbations used. Exacerbation 
frequency and compliance diff ered extensively between TEXAS, diary cards and medical 
records, but were highest with TEXAS. We concluded that TEXAS is a valid tool to assess 
exacerbation rates in prospective clinical studies, and exacerbation frequency is strongly 
aff ected by method of data collection. 
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Chapter 3 
Exacerbation frequency is a common outcome measure in eff ectiveness studies of 
exacerbation self-management interventions. However, self-management interventions 
are aimed at reducing the impact of exacerbations by early recognition and treatment, 
not preventing exacerbations altogether. Intervention eff ects would then be expected on 
duration of exacerbations, instead of on exacerbation frequency. In Chapter 3 we introduced 
‘time without exacerbation’ as a new measure to quantify exacerbations. The relationship 
between exacerbation-free time and exacerbation frequency was examined, as well as both 
their relationships with baseline characteristics and health-related quality of life. In patients 
with frequent exacerbations, there was substantial variation in exacerbation-free time. 
Patients who currently smoked had less exacerbation-free time than non-smokers, but did 
not diff er in exacerbation rate. Furthermore, exacerbation-free time was signifi cantly related 
to health-related quality of life, whereas exacerbation frequency was not. We concluded that 
exacerbation-free time and exacerbation frequency are two distinct quantifi cations to express 
exacerbations, especially in frequent exacerbators, and exacerbation-free time may better 
refl ect the burden of exacerbations in patients with COPD than exacerbations frequency does. 

Chapter 4 
To support exacerbation self-management of patients with COPD, we developed a software 
application that provides automated treatment advice without the involvement of a 
healthcare professional. This system, called Adaptive Computerised COPD Exacerbation Self-
management Support (ACCESS), has a Bayesian network model incorporated that calculates 
risk of an exacerbation based on self-reported symptoms and physiological measurements. 
The automated treatment advice is based on a decision model built by clinical expert panel 
opinion and the Bayesian network risk calculation, taking into account personal reference 
values. ACCESS can provide advice aiming to reduce the burden of specifi c symptoms. In case 
an exacerbation is imminent ACCESS advises patients to contact a healthcare professional for 
consultation, aiming to decrease patient delay. 

In Chapter 4 we examined the diagnostic validity of the advice to contact a healthcare 
professional, comparing it to the occurrence of symptom-based and event-based 
exacerbations. The high sensitivity showed that if there is an exacerbation, ACCESS will advise 
pat ients to contact a healthcare professional. The high negative predictive value showed 
that if ACCESS does not provide the advice to contact a healthcare professional, risk of an 
exacerbation is negligible. Specifi city and positive predictive value were moderate to low, 
showing that patients are regularly advised to contact a healthcare professional when an 
exacerbation may not be at hand. Furthermore, advice to lower symptom burden other than 
to contact a healthcare professional, was given in 20% of the cases, suggesting that patients 
can be supported by ACCESS in any case of symptom worsening, not just with exacerbations. 
We concluded that ACCESS is a valid and safe tool to be used at home by patients with COPD.  
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Chapter 5 
In Chapter 5, we examined the eff ectiveness of ACCESS in a randomised controlled trial. We 
hypothesised that ACCESS would be more supportive to patients than a written exacerbation 
action plan, due to ACCESS’ concrete and patient-tailored advice. Since early recognition 
and prompt treatment lead to shorter exacerbation, we predicted that use of ACCESS would 
lead to more exacerbation-free time than use of a written action plan. In a 2-arm, pragmatic, 
randomised controlled trial with twelve months of follow-up, patients used ACCESS or a 
written exacerbation action plan when they experienced worsening of symptoms. Our 
primary outcome measure, exacerbations-free weeks per year (Chapter 3), was measured 
with use of TEXAS (Chapter 2). We found no diff erence in exacerbation-free time between 
ACCESS and the written action plan. Furthermore, we found no benefi cial eff ect of ACCESS on 
health status, exacerbation-related self-effi  cacy, self-management behaviour, or healthcare 
utilisation compared with a written action plan. ACCESS was valued by participants as more 
supportive than the exacerbation action plan. We concluded that since ACCESS is a safe and 
valid tool, and it was valued as more supportive by patients, it may be a valuable alternative 
for patients who prefer a digital tool over a written action plan. 

Chapter 6 
During the course of COPD, patients encounter many losses due to increasing symptoms 
and impairments. These losses trigger a grieving process characterised by the stages of 
denial, resistance, sorrow and acceptance. It is known that acceptance is positively related 
to self-management behaviour, but the eff ect of the stages preceding acceptance on self-
management have not been studied. Furthermore, disease-related grief receives little 
attention in clinical practice. In this chapter, the development and validation of the Acceptance 
of Disease and Impairments Questionnaire (ADIQ) is described. This instrument maps four 
stages of grief; denial, resistance, sorrow and acceptance. Three study populations with COPD 
patients varying in disease severity were used to examine the psychometric properties of the 
ADIQ. Results showed that the ADIQ is a valid and reliable instrument to measure the four 
stages of grief in patients with COPD. We concluded that the ADIQ is a useful instrument to 
measure which stage of disease-related grief is dominant for a patient. In clinical practice 
this instrument may help healthcare professionals to address a patient’s grieving process and 
facilitate the formulation of patient-centred treatment goals, which may both lead to better 
self-management. 

Chapter 7 
In Chapter 7 the fi ndings of the various studies in this thesis were discussed in the light of 
current literature and future perspectives. 

It was discussed that the way exacerbations are measured needs to be rethought, since self-
management interventions aim to reduce the impact of exacerbation, not necessarily their 
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frequency. Time without exacerbation, introduced in this thesis, may be a better measure to 
refl ect impact of exacerbations, but future research could focus on validity of an aggregated 
measure of exacerbation frequency, duration and symptom severity. 

Furthermore, tools to support patients in the management of exacerbations, should fi t the 
patient’s needs and preferences. ACCESS, an m-health application examined in this thesis, 
may be a valuable support tool for patients who prefer to use m-health without being 
remotely monitored by healthcare professionals. Future research could focus on extended use 
of artifi cial intelligence to further personalise exacerbation detection, and on the integration 
of multiple morbidities in one m-health application to take into account comorbidities such 
as cardiovascular diseases which are highly prevalent in COPD. 

Adequate self-management requires behaviour change and adherence to this new regimen. 
The Acceptance of Disease and Impairments Questionnaire (ADIQ), which was validated in 
this thesis, assesses the stages of grief (i.e. denial, resistance, sorrow and acceptance), which 
can help healthcare professionals to address the patient’s emotions and needs, and helps 
motivate for patient-tailored treatment goals. Future studies could examine the relationship 
between stages of grief and adherence to self-management behaviour. 

 Finally, recommendations were made to healthcare professionals for improvement of patient-
tailored COPD exacerbation self-management, based on the novel exacerbation measure 
(exacerbation-free time), m-health application (ACCESS) and instrument to assess the stages 
of the grieving process (ADIQ), introduced in this thesis. 
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Samenvatting

Het algemene doel van het onderzoek waaruit dit proefschrift bestaat, was om bij te dragen 
aan het verbeteren van het zelfmanagement van patiënten met COPD bij exacerbaties, 
door het meten van exacerbaties te verbeteren en door patiëntgerichte ondersteuning te 
verbeteren.

Hoofdstuk 1
COPD legt een zware last op patiënten en de samenleving vanwege het langzame, 
progressieve beloop van de ziekte. Naast verminderde longfunctie, functionele capaciteit 
en kwaliteit van leven, worden veel patiënten geconfronteerd met exacerbaties van COPD. 
Exacerbaties, ook wel longaanvallen genoemd, zijn episodes van aanhoudende verslechtering 
van symptomen, waarvoor een verandering in medicatie nodig kan zijn. Exacerbaties zijn 
de voornaamste oorzaak van COPD-gerelateerde ziekenhuisopnames en sterfgevallen, en 
versnellen de ziekteprogressie. Aangezien een snelle behandeling van exacerbaties escalatie 
kan verhinderen, zijn zelfmanagementinterventies ontwikkeld om patiënten te helpen om 
een dreigende exacerbatie te herkennen en hier tijdig op te reageren. 

Met betrekking tot patiëntgerichte zorg zien we in de huidige benadering van COPD 
exacerbatie-zelfmanagement ruimte voor verbetering in 1) de manier waarop clinici en 
onderzoekers de uitkomsten van exacerbatie-zelfmanagement defi niëren en meten, 2) de 
manier waarop patiënten worden ondersteund in exacerbatie-zelfmanagement thuis, en 3) 
de manier waarop clinici gedragsverandering bij patiënten ondersteunen. In dit proefschrift 
bespreken we nieuwe methoden om deze punten te verbeteren.

Hoofdstuk 2
Ieder onderzoek naar het eff ect van een interventie op exacerbaties van COPD vereist een 
adequate meting van exacerbaties. In 2006 hebben we het Telephonic Exacerbation Assessment 
System (TEXAS) ontwikkeld, een geautomatiseerd systeem dat deelnemende patiënten elke 
twee weken belde om ademhalingsklachten en gebruik van zorg en medicatie vast te leggen. 
We verwachtten dat deze methode van elektronische dataverzameling minder tijdrovend zou 
zijn voor patiënten (en onderzoekers), wat zou leiden tot een betere naleving (compliance) 
door patiënten, vergeleken met twee veelgebruikte methoden voor het verzamelen van data, 
namelijk patiëntendagboeken en data-extractie uit medische dossiers. In dit hoofdstuk werd 
de validiteit van TEXAS beoordeeld en werd TEXAS vergeleken met de dagboeken en data 
uit medische dossiers van patiënten, met behulp van vier veelgebruikte operationalisaties 
van een exacerbatie (twee gebaseerd op symptomen, een gebaseerd op medicatiegebruik, 
en een gebaseerd op zorgcontacten). De validiteit van TEXAS was goed, onafhankelijk van 
de gebruikte operationalisering van exacerbaties. De frequentie van exacerbaties en mate 
van compliance verschilden sterk tussen TEXAS, de dagboeken en medische dossiers, maar 



Samenvatti  ng

158

waren het hoogst met TEXAS. We concludeerden dat TEXAS een valide hulpmiddel is om 
exacerbatie-frequentie te meten in prospectieve klinische studies, en dat de frequentie van 
exacerbaties sterk wordt beïnvloed door de methode van gegevensverzameling.

Hoofdstuk 3
Exacerbatie-frequentie is een veelgebruikte uitkomstmaat in eff ectiviteitstudies van 
exacerbatie-zelfmanagementinterventies. Zelfmanagementinterventies zijn echter gericht 
op het verminderen van de impact van exacerbaties door vroege herkenning en behandeling, 
en niet op het geheel voorkomen van exacerbaties. Eff ecten van deze interventies zijn dan 
te verwachten op de duur van exacerbaties, in plaats van op de frequentie van exacerbaties. 
In hoofdstuk 3 hebben we ‘tijd zonder exacerbatie’ geïntroduceerd als een nieuwe maat om 
exacerbaties te kwantifi ceren. De relatie tussen exacerbatie-vrije tijd en exacerbatie-frequentie 
werd onderzocht, evenals hun relaties met baselinekenmerken en gezondheidsgerelateerde 
kwaliteit van leven. Bij patiënten met frequente exacerbaties was er aanzienlijke variatie in de 
exacerbatie-vrije tijd. Patiënten die rookten ten tijde van de studie hadden minder exacerbatie-
vrije tijd dan niet-rokers, maar verschilden niet in exacerbatie-frequentie. Bovendien was 
exacerbatie-vrije tijd signifi cant gerelateerd aan de gezondheidsgerelateerde kwaliteit van 
leven, terwijl exacerbatie-frequentie dat niet was. We concludeerden dat exacerbatie-vrije 
tijd en exacerbatie-frequentie twee verschillende kwantifi caties zijn om exacerbaties uit te 
drukken, vooral bij patiënten die frequent exacerbaties hebben, en dat exacerbatie-vrije tijd 
de last van exacerbaties voor patiënten met COPD beter kan weerspiegelen dan exacerbatie-
frequentie.

Hoofdstuk 4
Om zelfmanagement van patiënten met COPD te ondersteunen, hebben we een 
softwareapplicatie ontwikkeld die geautomatiseerd behandeladvies geeft zonder tussenkomst 
van een zorgverlener. Dit systeem, Adaptive Computerised COPD Exacerbation Self-
management Support (ACCESS) genaamd, heeft een Bayesiaans netwerkmodel dat het risico 
op een exacerbatie berekent op basis van zelfgerapporteerde symptomen en fysiologische 
metingen. Het geautomatiseerde behandeladvies is gebaseerd op een beslismodel dat is 
opgesteld met behulp van een panel van klinisch experts en de risicoberekening van het 
Bayesiaans netwerkmodel, en houdt rekening met persoonlijke referentiewaarden. ACCESS kan 
adviezen geven om de last van specifi eke symptomen te verminderen. Als er een exacerbatie 
dreigt, adviseert ACCESS de patiënt om contact op te nemen met zijn zorgverlener, met als 
doel patient-delay te verminderen.

In Hoofdstuk 4 onderzochten we de diagnostische validiteit van het advies van ACCESS 
om contact op te nemen met een zorgverlener, door het te vergelijken met exacerbaties 
gebaseerd op symptomen, en exacerbaties geëxtraheerd uit medische dossiers. De hoge 
sensitiviteit toonde aan dat ACCESS patiënten bij een exacerbatie zal adviseren om contact 
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op te nemen met een arts. De hoge negatief voorspellende waarde toonde aan dat als 
ACCESS geen advies geeft om contact op te nemen met een zorgverlener, het risico van een 
exacerbatie te verwaarlozen is. Specifi citeit en positieve voorspellende waarde waren matig 
tot laag, wat betekent dat patiënten regelmatig het advies krijgen om contact op te nemen 
met een zorgverlener, terwijl er mogelijk geen sprake is van een exacerbatie. Verder werden 
er in 20% van de gevallen adviezen gegeven om klachten te verminderen, anders dan het 
advies om contact op te nemen met een zorgverlener. Dit suggereert dat patiënten door 
ACCESS kunnen worden ondersteund in elk geval van een klachtenverergering, niet alleen 
bij exacerbaties. We concludeerden dat ACCESS een valide en veilig hulpmiddel is om thuis 
gebruikt te worden door patiënten met COPD.

Hoofdstuk 5
In Hoofdstuk 5 hebben we de eff ectiviteit van ACCESS onderzocht in een gerandomiseerde, 
gecontroleerde studie. We veronderstelden dat ACCESS meer steun zou bieden aan 
patiënten met COPD dan een papieren actieplan voor exacerbaties, vanwege het concrete 
en op de patiënt afgestemde advies van ACCESS. Aangezien vroege herkenning en snelle 
behandeling tot kortere exacerbaties leiden, voorspelden we dat het gebruik van ACCESS 
tot meer exacerbatie-vrije tijd zou leiden dan het gebruik van een papieren actieplan. In 
een 2-armige, pragmatische, gerandomiseerde, gecontroleerde studie met twaalf maanden 
follow-up gebruikten patiënten ACCESS of een papieren actieplan voor exacerbaties, 
wanneer symptomen verergerden. Onze primaire uitkomstmaat, exacerbatie-vrije weken 
per jaar (Chapter 3), werd gemeten met behulp van TEXAS (Chapter 2). We vonden geen 
verschil in exacerbatie-vrije tijd tussen ACCESS en het exacerbatie actieplan. Ook vonden 
we geen gunstig eff ect van ACCESS op de gezondheidstoestand, exacerbatie-gerelateerde 
self-effi  cacy, zelfmanagementgedrag of gebruik van gezondheidszorg in vergelijking met het 
exacerbatie actieplan. ACCESS werd door de deelnemers als meer ondersteunend ervaren 
dan het exacerbatie actieplan. We concludeerden dat aangezien ACCESS een veilig en valide 
instrument is, en het door patiënten als meer ondersteunend werd ervaren dan het papieren 
actieplan, het een waardevol alternatief kan zijn voor patiënten die de voorkeur geven aan 
een digitaal hulpmiddel boven een papieren exacerbatie actieplan.

Hoofdstuk 6
Gedurende het beloop van COPD worden patiënten met veel verliezen geconfronteerd 
als gevolg van toenemende symptomen en beperkingen. Deze verliezen veroorzaken een 
rouwproces dat wordt gekenmerkt door de stadia ontkenning, verzet, verdriet en acceptatie. 
Het is bekend dat acceptatie positief gerelateerd is aan zelfmanagementgedrag, maar het 
eff ect van de stadia voorafgaand aan acceptatie op zelfmanagement is niet onderzocht. 
Bovendien krijgt ziekte-gerelateerde rouw weinig aandacht in de medische praktijk. In dit 
hoofdstuk is de ontwikkeling en validatie van de Verwerking van Ziekte en Beperkingen 
Vragenlijst (Acceptance of Disease and Impairments Questionnaire; ADIQ) beschreven. Dit 
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instrument brengt vier stadia van rouw in kaart; ontkenning, verzet, verdriet en acceptatie. 
Drie onderzoekspopulaties met COPD-patiënten, variërend in ziekte-ernst, werden gebruikt 
om de psychometrische eigenschappen van de ADIQ te onderzoeken. De resultaten toonden 
aan dat de ADIQ een valide en betrouwbaar instrument is om de vier stadia van rouw bij 
patiënten met COPD te meten. We concludeerden dat de ADIQ een bruikbaar instrument 
is om te meten welk stadium van ziekte-gerelateerde rouw dominant is voor een patiënt. In 
de klinische praktijk kan dit instrument zorgverleners helpen het verwerkingsproces van een 
patiënt bespreekbaar te maken, en het formuleren van patiëntgerichte behandeldoelen te 
faciliteren, wat kan leiden tot beter zelfmanagement.

Hoofdstuk 7
In Hoofdstuk 7 zijn de bevindingen van de verschillende studies in dit proefschrift besproken 
tegen het licht van de huidige literatuur en toekomstperspectieven.

Er is besproken dat er opnieuw moet worden nagedacht over de manier waarop exacerbaties 
worden gemeten, aangezien zelfmanagementinterventies de impact van exacerbaties 
proberen te verminderen, en niet zozeer proberen te voorkomen. Tijd zonder exacerbatie, 
geïntroduceerd in dit proefschrift, kan een betere maat zijn om de impact van exacerbaties 
weer te geven, maar toekomstig onderzoek zou zich kunnen concentreren op de validiteit 
van een geaggregeerde maat voor exacerbatie-frequentie, -duur en ernst van de symptomen.

Verder moeten hulpmiddelen om patiënten te ondersteunen bij het omgaan met exacerbaties 
aansluiten bij de behoeften en voorkeuren van de patiënt. ACCESS, een m-health applicatie 
die in dit proefschrift is onderzocht, kan een waardevol hulpmiddel zijn voor patiënten die 
graag m-health gebruiken zonder op afstand gemonitord te worden door een zorgverlener. 
Toekomstig onderzoek zou zich kunnen richten op uitgebreider gebruik van kunstmatige 
intelligentie om exacerbatie-detectie verder te personaliseren, en op de integratie van 
meerdere ziekten in één m-health applicatie, om rekening te houden met comorbiditeiten 
die veel voorkomen bij COPD, zoals hart- en vaatziekten.

Adequaat zelfmanagement vereist gedragsverandering en therapietrouw (adherence). De 
Verwerking van Ziekte en Beperkingen Vragenlijst (Acceptance of Disease and Impairments 
Questionnaire; ADIQ), die in dit proefschrift werd gevalideerd, brengt de stadia van 
verwerking (d.w.z. ontkenning, verzet, verdriet en acceptatie) in kaart. Dit instrument kan 
zorgverleners helpen om de emoties en behoeften van de patiënt bespreekbaar te maken, en 
om te motiveren voor patiëntgerichte behandelingsdoelen. Toekomstig onderzoek kan zich 
richten op de relatie tussen de stadia van rouwverwerking en het volhouden van adequaat 
zelfmanagementgedrag. 
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Ten slotte zijn aanbevelingen gedaan aan zorgverleners voor het verbeteren van COPD 
exacerbatie-zelfmanagement dat is afgestemd op de patiënt, gebaseerd op het onderzoek 
uit dit proefschrift.
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Dankwoord

Dit proefschrift is het resultaat van vele jaren onderzoek. Toen ik in 2004 op Dekkerswald begon 
als psychologisch medewerker om het zwangerschapsverlof van Jeannette te vervangen, kon 
ik niet vermoeden dat het zou leiden tot dit. Hoewel mijn tijd op Dekkerswald ligt vóór het 
project wat de feitelijke aanleiding was voor dit proefschrift (het ACCESS project), hebben 
deze jaren zwaar meegewogen in mijn wetenschappelijke ontwikkeling. Ik vind het dan ook 
heel leuk en toepasselijk dat de TEXAS-studie (mijn eerste onderzoeksproject) en de validatie 
van de ADIQ (een vragenlijst ontwikkeld door Jan) een plek hebben in dit proefschrift; de 
cirkel is rond. Aangezien onderzoek doen bij uitstek een team eff ort is, en in dit proefschrift 
de data van zeven studies/populaties gebruikt zijn, is de lijst van mensen die op directe en 
indirecte manier hebben bijgedragen aan dit boekje behoorlijk lang. Ik wil iedereen hiervoor 
graag bedanken! Een aantal mensen noem ik persoonlijk. 

Allereerst alle patiënten die hebben deelgenomen aan de verschillende studies, zonder jullie 
was dit niet mogelijk geweest. 

Ook wil ik graag de centra bedanken die hebben meegewerkt aan de verschillende studies. 
Dekkerswald heeft een belangrijke rol gespeeld, omdat verschillende studies daar hebben 
plaatsgevonden. Bij de TEXAS-studie (Hst. 2 en 3) was het longfunctie-team van Dekkerswald 
onmisbaar, dankjulliewel. De !nzicht-studie (Hst. 4) is gedeeltelijk uitgevoerd op de 
longrevalidatieafdeling; bedankt iedereen en vooral de verpleegkundigen die in die tijd werden 
overspoeld door het net-gelanceerde EPIC. Dankjewel Marleen voor jouw grote aandeel in de 
dataverzameling van !nzicht. En Heleen, mijn favoriete go-to longverpleegkundige voor het 
vinden van geschikte mogelijke deelnemers buiten de revalidatie, ondanks je eigen drukke 
baan vond je altijd tijd om te helpen, dankjewel. De drie studiepopulaties van Hoofdstuk 6 
komen ook van Dekkerswald. Dankjewel Leonie, hier zit heel veel van jouw tijd en energie in. 
Ook de klinimetrie, bemand door Jeannette, Judith, Laura en mij, en de longfunctieafdeling 
hadden hierin een belangrijke rol. 

Voor de ACCESS-studie (Hst. 5) ben ik veel dank verschuldigd aan de praktijkondersteuners, 
longverpleegkundigen en artsen van de deelnemende centra: UGC Heyendael (Nijmegen), 
WGC Lindenholt (Nijmegen), HAP Thermion (Lent), HAP Oosterhout, HAP de Poort (Beuningen), 
HAP de Linie (Doesburg), HAP de Heelhoek (Wijchen), HAP Berghem, HAP Schaijk, Ziekenhuis 
de Gelderse Vallei (Ede), St Anna Ziekenhuis (Geldrop), VieCurie Medisch Centrum (Venlo). 

Mijn steun en toeverlaat bij de ACCESS-studie was Riet. Ik vond het heel fi jn om met jou 
samen te werken, je bent positief, nuchter, zorgvuldig, gezellig én hebt heel veel ervaring. 
Dankjewel Riet! 
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Dankjewel ook Esmee, jij hebt mij in de laatste maanden van de dataverzameling veel werk 
uit handen genomen. Heel jammer dat het niet meer gelukt is om jouw master-scriptie nog 
publiceer-klaar te krijgen.

Maarten, bedankt voor je onmisbare bijdrage aan het voltooien en gebruiksklaar maken van 
ACCESS, je geduld, en je blijvende betrokkenheid en beschikbaarheid. Je kindje is inmiddels 
klaar om uit te vliegen, daar mag je trots over zijn. Dankjewel Reinier voor je statistische hulp 
bij verschillende studies, en je herhaaldelijke, geduldige uitleg. En dank aan Waling, die met 
zijn MS Acces-expertise voor elkaar kreeg wat mij onmogelijk leek. Dankjewel Xandra en 
Natalie, jullie stages hebben richting gegeven aan hoofdstuk 3 en 4.

Een grote bijdrage aan dit proefschrift is geleverd door mijn promotor en copromotoren.
Erik, bedankt voor je al je hulp, zeker ook bij de laatste loodjes. Ik heb bewondering voor de 
manier waarop je optimistisch en oplossingsgericht laveert tussen alle obstakels door die 
onvermijdelijk zijn bij iedere studie. Ik verbaas me over alle ballen die jij in de lucht weet te 
houden. 
Tjard, of het nou over praktische, inhoudelijke of methodologische zaken ging, jij had alles al 
eerder gezien. Bedankt voor het delen van jouw bak aan ervaring, dat heeft me veel verder 
geholpen. Ook bedankt voor het steeds terugkomen bij de kern, wanneer ik weer dreigde te 
verzanden in mijn hardnekkige neiging om volledig te willen zijn. 
Jan, het was de verstrengeling van onderzoek en patiëntenzorg op de longrevalidatie van 
Dekkerswald, jouw werk, jouw visie, jouw praktijkverhalen, waardoor ik enthousiast werd 
over onderzoek. Niet vanuit een ivoren toren (het beeld dat ik had van onderzoek op de 
universiteit), maar toegepast en met direct nut voor de patiënt. Je nam me serieus als 
onderzoeker op momenten dat ik daar zelf nog helemaal niet zo van overtuigd was. Met dat 
relaxte, vanzelfsprekende vertrouwen heb je me meer gevormd als onderzoeker dan je je 
misschien realiseert. Dankjewel.
Pim, je stapte wat later in als promotor, maar je maakte direct veel indruk op me met je scherpe 
inzicht. Jij legt feilloos zwakke punten en inconsistenties bloot, op een heel prettige, open 
manier. En zelfs wanneer je bij een overleg excuses maakte dat je niet zo goed voorbereid was 
als je had willen zijn, stak je zo door naar de kern van de discussie. Bedankt voor je waardevolle 
bijdrage aan dit proefschrift. 
Dank ook aan alle overige coauteurs van de verschillende artikelen, en projectgroepleden, 
voor de fi jne samenwerking, kritische feedback en leerzame input.

Dank aan de leden van de manuscriptcommissie voor hun bereidheid om deze zomer mijn 
manuscript te beoordelen en plaats te nemen in de corona tijdens mijn verdediging, alsook 
dank aan de overige leden van de promotiecommissie voor het opponeren. 
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Dank aan Judith, Anne, Erica, Claudia, Annelies, Joke, Lisette, Arjanne, Jeannette, en andere 
kamer-, gang- en afdelingsgenoten door de jaren heen, voor de gezelligheid en inspiratie. 
Jeannette en Leonie, ik deed mijn eerste stappen op onderzoeksterrein in jullie kielzog. 
Jullie waren altijd bereid om je ervaring te delen, mee te denken, te helpen, te relativeren. 
Dankjulliewel hiervoor, en natuurlijk voor de gezelligheid tijdens lunches, uitjes, congressen, 
en tussendoor... Fijn dat jij mijn paranimf wil zijn, Jeannette. Hoewel ik al jaren weg ben bij 
Dekkerswald ben jij nog steeds die attente, meelevende collega die ik altijd kan benaderen, 
en die altijd op de hoogte is van de laatste ontwikkelingen. 

Mam, je bent altijd bereikbaar, en bent altijd bereid om te luisteren en me ervan te verzekeren 
dat alles goed komt, dat heeft me heel erg gesteund, dankjewel. Papa, ik had zo’n beeld in mijn 
hoofd dat jij de foto’s zou maken tijdens mijn verdediging. Ik denk dat je trots op me zou zijn 
geweest, ook al snapte je misschien niet waarom ik in godsnaam zou willen promoveren (dat 
snapte ik soms zelf ook niet :-) ). Dankjulliewel lieve zussen voor jullie steun, en ook Marianne, 
Roelie, Mathijs en Lola voor jullie aanhoudende interesse. 
Inge, dankjewel dat je mijn paranimf wil zijn, maar vooral dat je zo’n ontzettend lieve, 
fi jne vriendin bent bij wie ik altijd terecht kan. Ik ben ergens toch blij dat ik de kroeg zo 
lang belangrijker vond dan mijn studie, anders was ik je misschien misgelopen bij sociale 
psychologie. :-) Dankjewel Kim, voor je eindeloze luisteren en je relativerende, grappige en 
therapeutisch verantwoorde reacties. Dankjewel Roos en Marije voor de gezelligheid en 
broodnodige, ontstressende beweging. Ook dank aan alle andere vrienden en familieleden die 
hebben bijgedragen aan de totstandkoming van dit proefschrift, vooral door de aangename 
afl eiding, maar ook door jullie interesse en luisterend oor. Ik voel me rijk met zulke enorme 
fi jne mensen om me heen!

Dankjewel Toine, dat je er altijd voor me bent. Zonder jouw steun had ik dit misschien nooit 
afgemaakt. Jij bent mijn rots in de branding, nuchter, relativerend en fl auwe grapjes makend. 
Bedankt voor je uitjes met de kinderen waardoor ik in de weekenden in stilte kon werken. 
Gijs en Tom, mijn allerliefste schatjes, niets had mij de afgelopen jaren beter in balans kunnen 
houden dan jullie twee. Geen onderzoeksdilemma dat lang standhield in mijn hoofd als ik 
bezig was met boterhammen smeren, een duplo spoorbaan bouwen, of de beestjes bij de 
kinderboerderij stiekem gras voeren. Ontzettend bedankt daarvoor liefi es. Op naar vele jaren 
met hopelijk vrije weekenden. 
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Lonneke Boer werd op 6 februari 1978 geboren in Den Bosch en woonde tot haar 18e in 
Berlicum. In 1996 haalde zij haar VWO diploma aan Gymnasium Beekvliet in Sint-
Michielsgestel. Daarna volgde ze de studie Psychologie aan de Katholieke Universiteit 
Nijmegen, tegenwoordig Radboud Universiteit. In januari 2004 studeerde zij af in de richting 
Sociale Psychologie, waarna zij als psychologisch medewerker begon bij de afdeling 
Medische Psychologie van het Radboud universitair medisch centrum, werkzaam op de 
afdeling Longrevalidatie van Dekkerswald. In 2006 startte zij als onderzoeker op het TEXAS-
project, waarna nog verschillende onderzoeksprojecten zouden volgen op Dekkerswald. 
Eind 2013 begon Lonneke als onderzoeker bij de afdeling Eerstelijnsgeneeskunde van het 
Radboudumc. Sinds september 2017 is zij daarnaast coach binnen de bachelor van de studie 
Geneeskunde, en sinds 2018 docent bij de opleiding Psychologie, beide aan de Radboud 
Universiteit. Lonneke woont samen met Antoine Raemaekers en hun twee kinderen, Gijs 
(2011) en Tom (2013) in Nijmegen. 
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PhD student Lonneke Boer 

Department Primary and Community Care

Graduate school Radboud Institute for Health Sciences

PhD period 1-10-2013 till 1-1-2017 

(2.8 years as 1.0 equivalent)
Promotor Prof. Willem Assendelft

Co-promotors Dr. Erik Bischoff 

Dr. Tjard Schermer

Dr. Jan Vercoulen

Courses and workshops Year EC points

Graduate School specifi c introductory course 2014 1.0

Herregistratie BROK course 2014 0.2

Management voor Promovendi 2014 3.0

Presentation skills course 2014 1.5

Scientifi c Integrity course 2015 1.0

Schrijven van wetenschappelijke teksten 2015 3.0

Using R for data analyses 2015 1.0

Presenteren eigen onderzoek 2016 1.5

Inzicht in wat je wil en kan 2016 0.1

Education in a nutshell 2017 1

Introductie Nijmeegse curricula 2017 0.2

Coachingsvaardigheden: praktische basistechnieken 2017 0.5

(Inter)national symposia and congresses 

International Primary Care Respiratory Group (IPCRG) conference 2016* 2016 1.25

COPD Astma Huisartsgenootschap (CAHAG) conferentie* 2017 0.5

European Respiratory Society (ERS) conference 2017* 2017 1.25

Teaching

Supervision of research internship Medicine (Natalie van Kuijk) 2016 1

Supervision of research internship Psychology (Esmée Pluijmers) 2017 1

Meet your PhD – 4 students 2017 0.8

Total 19.8

*Including oral or poster presentation
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All studies described in this thesis have been conducted in accordance with the principles of 
the Declaration of Helsinki (https://www.wma.net/policies-post/wma-declaration-of-helsinki-
ethical-principles-for-medical-research-involving-human-subjects/). The medical and ethical 
review board Committee on Research Involving Human Subjects Region Arnhem-Nijmegen, 
Nijmegen, the Netherlands, has given approval to conduct these studies.  

Informed consent
For the studies of Chapter 2, 3, 4, and 5, informed consent forms are archived in the locked 
archive of the department of Primary and Community Care (M245.-2.053). 

The written informed consent forms obtained for the studies of Chapter 6 are archived in the 
locked archive of the department of Pulmonary Rehabilitation, at Radboudumc Dekkerswald 
(M105.00.081).

Secured data storage
Data of the studies of Chapter 2, 3, 4 and 5 are stored on the server of dept. of Primary 
and Community Care of the Radboudumc, ELGdata$(\\umcfs076) in the folder OZ-
Huisartsgeneeskunde. Data that was originally obtained on paper are archived in the locked 
archive of the department of Primary and Community Care (M245.-2.053). 

For the studies of Chapter 6, data is stored on the server of the department of Medical 
Psychology of the Radboudumc (MPSDATA$(\\UMCFS011) in the folder DWD under 
Onderzoeksprojecten. Data that was originally obtained on paper are archived in the locked 
archive of the department of Pulmonary Rehabilitation, at Radboudumc Dekkerswald 
(M105.00.081). 
All data are archived pseudonymised. Key records are locked and archived separate from the 
data. All data will be kept for 15 years after termination of the study. 

Accessibility of data
Data are available on reasonable request with dr. Erik Bischoff  (Erik.Bischoff @radboudumc.nl, 
for studies of Chapter 2, 3, 4, and 5), or dr. Jan Vercoulen (Jan.Vercoulen@radboudumc.nl, for 
studies of Chapter 6).
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