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ABSTRACT
Introduction: Chronic obstructive pulmonary disease
(COPD) is a major cause of morbidity and mortality.
Patients with COPD are characterised by a reduced
health status, which can be easily assessed by the
COPD Assessment Test (CAT). Previous studies show
that health status can be worsened by the presence of
comorbidities. However, the impact of cardiovascular
comorbidities on health status as assessed with CAT is
not sufficiently investigated. Therefore, the current
study has the following objectives: (1) to study the
clinical, (patho)physiological and psychosocial
determinants of the CAT, and impact of previously
established and/or newly diagnosed cardiovascular
comorbidities on health status in tertiary care patients
with COPD; (2) to assess the effects of pulmonary
rehabilitation on CAT scores in patients with COPD;
(3) to develop reference values for the CAT in Dutch
elderly patients without COPD; and (4) to validate the
CAT in a broad sample of Dutch patients with COPD.
Methods and analysis: The COPD, Health status
and Comorbidities (Chance) study is a monocentre
study consisting of an observational cross-sectional
part and a longitudinal part. Demographic and clinical
characteristics will be assessed in primary care,
secondary care and tertiary care patients with COPD,
and in patients without COPD. To assess health status,
the CAT, Clinical COPD Questionnaire (CCQ) and St
George’s Respiratory Questionnaire (SGRQ) will be
used. The longitudinal part consists of a
comprehensive pulmonary rehabilitation programme in
500 tertiary care patients. For the cross-sectional part
of the study, 150 patients without COPD, 100 primary
care patients and 100 secondary care patients will be
assessed during a single home visit.
Ethics and dissemination: The Medical Ethical
Committee of the Maastricht University Medical
Centre+ (MUMC+), Maastricht, the Netherlands (METC
11-3-070), has approved this study. The study has
been registered at the Dutch Trial Register (NTR 3416).

BACKGROUND
Health status in patients with chronic obstruct-
ive pulmonary disease (COPD) is impaired
irrespective of the degree of airflow limita-
tion.1 Therefore, optimising health status is an
important goal in COPD management.2

Indeed, according to the latest Global initiative
for chronic Obstructive Lung Disease (GOLD)
document, COPD assessment should include
the assessment of health status as an objective
in disease diagnosis and follow-up.3 Poor
health status is multifactorially determined in
patients with COPD, as it is associated with
higher levels of dyspnoea,4 reduced exercise
capacity,5 symptoms of anxiety and depres-
sion,6 and frequent exacerbations and mortal-
ity.7 In addition, health status in patients with
COPD can be worsened by the presence of
comorbidities.8 Vanfleteren et al9 showed that
97.7% of all patients with COPD have one or
more comorbidities. In European primary
care patients with COPD, the presence of ≥3
comorbidities was associated with a worse
health status.10 Cardiovascular diseases are pre-
sumably the most important comorbid condi-
tions in COPD. The risk of cardiovascular
morbidity and mortality is twofold to threefold
higher in patients with COPD in comparison
to an age-matched and gender-matched popu-
lation without COPD.11 Probably due to
shared pathophysiological mechanisms, car-
diovascular comorbidities often remain unrec-
ognised in patients with COPD.11 Rutten et al12

reported a prevalence of 20% for previously
undiagnosed heart failure in primary care
patients with COPD. In addition, it was
recently shown that echocardiographic
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abnormalities were highly prevalent in patients with
COPD at the time of their first hospital admission due to a
severe exacerbation.13 However, the frequency of echocar-
diographic abnormalities in patients with COPD referred
for pulmonary rehabilitation is not known.
Health status in COPD is often assessed by disease-

specific questionnaires, namely, the St George’s
Respiratory Questionnaire (SGRQ)14 and the Clinical
COPD Questionnaire (CCQ).15 The SGRQ is reasonably
time-consuming to complete, sometimes difficult to
understand by patients and has a scoring algorithm that
is too complex for routine use in clinical practice.16 In
the Netherlands, the CCQ is commonly used in clinical
practice. The reliability and validity of the CCQ in
patients with COPD have previously been studied.16 In
addition, a simple eight-item patient-completed question-
naire, the COPD Assessment Test (CAT) was developed
some years ago.17 However, to a lesser extent, studies
investigated the properties of the CAT and associations
with clinical, physiological and psychological outcomes in
COPD. Additionally, during the period that the current
study protocol was designed, few studies about CAT in the
Dutch population were published. Therefore, the COPD,
Health status and Comorbidities (Chance) study was
initiated and the following objectives were formulated:
1. To study the clinical, (patho)physiological and psy-

chosocial determinants of the CAT and impact of pre-
viously established and/or new diagnosed
cardiovascular comorbidities on health status in ter-
tiary care patients with COPD.

2. To assess the effects of pulmonary rehabilitation on
CAT scores in patients with COPD.

3. To develop reference values for the CAT by compar-
ing patients with COPD using elderly Dutch patients
without COPD.

4. To validate the CAT in a broad sample of Dutch
patients with COPD.

METHODS
Study design
The current study is a monocentre, observational study
consisting of a cross-sectional part (objectives 1, 3 and
4) and a longitudinal part (objective 2), see figure 1.

Study population
Patients will be recruited from primary (general practi-
tioners, GPs ), secondary (chest physicians) and tertiary
(pulmonary rehabilitation) care. The inclusion of
patients started in April 2012. The inclusion of the
patients from the tertiary care setting was completed in
September 2014. It is expected that the inclusion of the
patients without COPD, and patients from the primary
and secondary care setting, will be completed in early
2015. Figure 1 shows an overview of the study objectives
and study population. In order to study objectives
1 and 2, 500 patients with COPD, referred for clinical
assessment and pulmonary rehabilitation to CIRO, Horn,
The Netherlands, will be recruited.18 In order to
examine objective 3 (see figure 1) 150 patients without
COPD will be recruited from GPs via the ‘Registration
Network of Family Practices (RNH)’.19 Objective 4 (see
figure 1) will be studied by assessing 100 patients with
COPD from a primary care setting (recruited from GPs
via RNH) and 100 patients with COPD from secondary

Figure 1 Flow diagram of patient participation and data assessment (CAT, COPD Assessment Test; COPD, chronic obstructive

pulmonary disease).
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care settings (partly recruited via RNH and partly at the
outpatient pulmonary consultation of Maastricht
University Medical Centre (MUMC) Maastricht). Primary
care patients are eligible if they are exclusively treated by
a GP without being treated by a chest physician or have
been treated in tertiary care in the previous 5 years.
Secondary care patients are eligible when they are only
being treated by a chest physician and have not been
treated in tertiary care for the previous 5 years. In add-
ition, 500 patients with COPD from the tertiary care
setting will be included for the fourth objective. The 500
tertiary care patients who will be tested for objectives
1 and 2 will be part of the sample for objective 4. All
study procedures will be conducted by CIRO.

Study procedure
Patients without COPD, primary care patients and part of
the secondary care patients will be recruited via RNH.
RNH will provide the contact details of participating GPs.
Accordingly, the investigator will contact the responsible
GP practices if they are willing to participate. After the
GP’s approval of collaboration, medical records of the
practice are screened using RNH software, according to
the eligibility criteria for the study. Following approval of
the responsible GP, the investigators from CIRO will send
a letter to every eligible patient on behalf of the GP, intro-
ducing the research and asking whether the patient wants
to participate. In case of patient’s consent, a response
letter with contact details will be returned to CIRO, enab-
ling the investigator to contact the participant and check
the eligibility criteria via phone. If the patient is still eli-
gible and interested, an appointment for a home visit will
be scheduled. The remaining secondary care patients will
be recruited by chest physicians from an academic hospital
(MUMC). During their outpatient pulmonary consulta-
tions, the chest physicians will ask the patient if he/she is
interested in participating in the study. If the patient is
interested, the CIRO investigators will be provided with
the contact details, will contact the potential candidate
and will possibly schedule an appointment. Patients from
primary and secondary care, and patients without COPD,
will be visited at their home. A home visit will last approxi-
mately 1½ to 2 h. If it is not possible to conduct the visit in
their home environment, participants will be asked to
come to CIRO for 2 h. All patients will be asked to give
written informed consent at the beginning of the home
visit or at the time of the visit to CIRO. Tertiary care
patients will be recruited at CIRO during their pre-
rehabilitation assessment. Eligible patients will be asked if
they are willing to participate in the study. After approval
and signing the informed consent, required data will be
gathered. In these patients, baseline and outcome assess-
ment data will be collected (see figure 1). CIRO is provid-
ing a state-of-the-art interdisciplinary pulmonary
rehabilitation programme for patients with COPD, in line
with the latest American Thoracic Society/European
Respiratory Society Statement on Pulmonary
Rehabilitation.20 Patients are referred for inpatient

(8 weeks) or outpatient (16 weeks) pulmonary rehabilita-
tion based on their pre-rehabilitation assessment.18 The
pulmonary rehabilitation programme in this study is part
of the usual care of these patients at CIRO.

Eligibility criteria
Patients are eligible if they fulfil the following criteria:
1. Age 40–85 years.
2. A diagnosis of COPD according to GOLD guidelines.3

Patients with COPD from the tertiary care setting also
have to fulfil the following criteria:
1. Referral for assessment and pulmonary rehabilitation

at CIRO by a chest physician.

Patients without COPD are eligible if they fulfil the fol-
lowing criteria:
1. Age 40–85 years.
2. Postbronchodilator forced expiratory volume in 1 s/

forced vital capacity (FEV1/FVC) ≥70%.
3. Healthy, as judged by the investigator, and deter-

mined by medical history and physical examination
(specified under the heading ‘exclusion criteria for
the patients without COPD’).

Exclusion criteria for the patients with COPD:
1. A history of asthma, lung cancer, sarcoidosis, tubercu-

losis, lung fibrosis, cystic fibrosis or any other signifi-
cant respiratory disease.

2. A moderate or severe exacerbation or pneumonia
requiring systemic corticosteroids, antibiotics or hos-
pitalisation during the past 4 weeks.

3. Having undergone lung surgery (eg, lung volume
reduction, lung transplantation).

4. Any clinically relevant disease that, in the opinion of
the investigator, may influence the results of the
study, in other words, diseases influencing health
status not related to symptoms of COPD.

5. Malignancy within the past 5 years.
6. For primary care patients: treatment by respiratory

physician in secondary or tertiary care.
For secondary care patients: treatment in a tertiary
care setting in the previous 5 years.

Exclusion criteria for the patients without COPD:
1. A history of COPD, asthma, lung cancer, sarcoidosis,

tuberculosis, lung fibrosis, cystic fibrosis or any other
significant respiratory disease, lung surgery in the past.

2. Chronic heart failure in medical history.
3. Any clinically relevant disease that, in the opinion of

the investigator, may influence the results of the
study, in other words, diseases influencing health
status not related to symptoms of COPD.

4. Malignancy within the past 5 years.

Outcomes
Table 1 provides an overview of the recorded variables
for each group.
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Table 1 Outcome measures per healthcare group

Outcomes Non-COPD

Primary

care

Secondary

care

Tertiary care

(pre-rehabilitation)

Tertiary care

(postrehabilitation)

Demographics, including age, gender, height, weight, marital status, ethnic origin Y Y Y Y Y

Smoking history: current smoking and pack years Y Y Y Y Y

Medical history, including current medication Y Y Y Y N

COPD history: number of exacerbations and hospitalisations for COPD (<12 months) Y Y Y Y Y

Use of long-term oxygen or non-invasive ventilation Y Y Y Y Y

Lung function: postbronchodilator (salbutamol) spirometry measured by a handheld

SpiroPro Viasys

Y Y Y N N

Lung function: postbronchodilator (salbutamol) spirometry measured by standardised

equipment from Masterlab, Jaeger, Germany, whole-body plethysmography, diffusing

capacity for carbon monoxide21

N N N Y Y

Degree of self-perceived physical and psychological symptoms* Y Y Y Y N

Physical examination including vital signs: pulse, blood pressure, saturation Y Y Y Y Y

Charlson comorbidity index22 Y Y Y Y Y

mMRC dyspnoea grading23 and NYHA Functional Classification24 Y Y Y Y Y

Health status questionnaires: SGRQ-C, CAT and CCQ25 Y Y Y Y Y

Hospital Anxiety and Depression Scale26 Y Y Y Y Y

Daily physical functioning: timed ‘up-and-go’ test27 Y Y Y Y Y

Care Dependency Scale28 Y Y Y Y Y

Coping strategies: Utrecht Coping List37 N N N Y Y

Body composition: fat-free mass, fat mass using bioelectrical impedance assessment29 Y Y Y Y N

Body composition: whole-body/local DEXA scan30 N N N Y Y

Systemic inflammation: hsCRP N N N Y Y

6 Minute Walk test (2× at baseline)31 N N N Y Y

Constant work-rate bicycle test32 and cardiopulmonary exercise test N N N Y Y

Daily physical activity level using a validated accelerometer33 N N N Y Y

Problematic activities of daily life: Canadian Occupational Performance Measure34 N N N Y Y

Lower limb muscle function: peak isokinetic quadriceps strength using a Biodex38 N N N Y Y

Echocardiography N N N Y N

ECG39 N N N Y Y

NT-proBNP and other cardiovascular markers (to be determined) N N N Y Y

Biomarkers metabolic syndrome:40 fasting glucose, cholesterol, HDL, LDL, triglycerides N N N Y Y

*Patient-completed checklist referring to dyspnoea, fatigue, cough, muscle strength, appetite, insomnia, depression, anxiety, panic attacks, pain, mouth soreness, itching, oedema, thirst, muscle
cramps, restless legs, dizziness, pain in the chest and frequency of urination, with visual analogue scales to score the severity of the symptom (questionnaire is approved by the Medical Ethical
Committee of the Maastricht University Medical Centre, METC 07-3-054).
CAT, COPD Assessment Test; CCQ, Clinical COPD Questionnaire; COPD, chronic obstructive pulmonary disease; DEXA, dual-energy X-ray absorptiometry; HDL, high-density lipoprotein;
hsCRP, high-sensitivity C reactive protein; LDL, low-density lipoprotein; mMRC, modified Medical Research Council; N, measurement not conducted; NT-proBNP, N-terminal pro-brain natriuretic
peptide; NYHA, New York Heart Association; SGRQ-C, COPD-specific version of the St. George respiratory questionnaire; Y, measurement conducted.
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Sample size calculation
The protocol was developed in 2012. At that time, the
minimally clinically important difference (MCID) had
not yet been established for the CAT. An estimation of
the MCID was made to calculate the sample size for the
current study. During the study period, the MCID of the
CAT was set on two points.35 Subsequently, the sample
size calculation was adjusted based on the most recent
findings (calculated with the program G×power 3.1.9).
Resulting in a study population of 150 patients without
COPD, 100 primary care patients, 100 secondary care
patients and 500 tertiary care patients. The full sample
size calculation is accessible via the online supplemen-
tary material.

Data management and statistics
Data will be screened for missing values. In order to
reduce the number of missing data, a researcher will be
present when filling out the questionnaires. When there
are missing data in the questionnaires, the missing
values will be processed according to the guidelines of
the different questionnaires. This will be carried out for
every variable and participant. Other missing values will
be excluded by list-wise deletion.
All variables will be tested for normality. Descriptive

statistics, including means (SD), medians (IQR) and fre-
quencies, will be applied. Continuous variables will be
presented as mean (95% CI). To answer objective 1, the
differences between groups will be assessed with
unpaired Student t test. Multiple clinical outcomes will
be tested for their association with CAT scores via mul-
tiple ordinary least squares (OLS) regression models.
For objective 2, an analysis of variance (ANOVA) of
repeated measurement will be performed to measure
the change in CAT scores and a one-way ANOVA or two-
tailed paired Student t test will be used to determine
changes in CAT scores following a comprehensive pul-
monary rehabilitation programme. To examine objective
3, the characteristics and the CAT scores of the patients
without COPD will be tested for normality with the
Kolmogorov-Smirnov test. To validate and look at refer-
ence values for the CAT, the upper limit of the 95% CI
of the CAT scores will be determined in the patients
without COPD. All scores above this value will be
defined as ‘an abnormal health status’. For objective 4,
differences in the CAT scores and other clinical
characteristics between primary care and secondary
care, and tertiary care COPD samples, will be assessed
by using a one-way ANOVA. Finally, the scores of the
CAT between the groups of primary, secondary and ter-
tiary care, and patients without COPD, will be examined.
All statistics will be processed using SPSS V.20.0 and
GraphPad Prism. A p value of less than 0.05 is consid-
ered statistically significant.

Dissemination
Study data will be stored in the data centre at CIRO.
The investigator will ensure that all data in the data

centre are accurate and will be responsible for the moni-
toring of the data collection. Results will be presented at
(inter) national conferences and will be submitted for
publication in peer-reviewed journals. Participants are
given the opportunity to be informed about the results
of the study.

DISCUSSION
The current study is designed to examine the validity
and responsiveness of the CAT to pulmonary rehabilita-
tion in a Dutch population. Initially, the clinical,
(patho)physiological and psychosocial determinants of
the CAT, and impact of cardiovascular comorbidities on
health status in tertiary care patients with COPD, will be
examined. In addition, reference values for the CAT will
be developed by comparing patients with COPD with
elderly Dutch patients without COPD. The strengths
and limitations of the current study are described below.

Strengths
In the current literature, most COPD studies focus on
patients from secondary or tertiary care.36 To our knowl-
edge, this is the first study including patients with COPD
treated in primary care as well as patients with COPD
treated in secondary and tertiary care. In addition, the
current study includes patients without COPD, enabling
a comparison between primary, secondary and tertiary
care patients and patients without COPD, regarding, for
example, health status, mood status and functional
status. Consequently, reference values for the CAT in
Dutch elderly patients without COPD can be deter-
mined. Additionally, the majority of the measurements
will be taken with the same devices. This provides a high
reliability, despite the fact that the measurements will be
carried out at different places. Furthermore, interobser-
ver bias will be minimised, because all measurements in
patients without COPD, primary care and secondary
care patients will be performed by one researcher.
Furthermore, as mentioned before, patients with COPD
have a twofold to threefold higher chance of developing
cardiovascular morbidity and higher risk of mortality
than people without COPD,11 underscoring the import-
ance of assessing these comorbid conditions carefully.
The current study is the first to investigate a wide range
of (extra) pulmonary parameters, providing the possibil-
ity of studying the individual effect of cardiovascular
comorbidities on outcomes, for example, health status.
Finally, patients are recruited from eight different GP
practices (RNH affiliated), an academic hospital and a
pulmonary rehabilitation centre (CIRO), increasing the
internal and external validity.

Limitations
The results of the current study will be subject to several
limitations. First, the study sample consists of a conveni-
ence sample: possibly in all four healthcare groups the
patients with more symptoms, lack of motivation or
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more severe COPD are less willing to participate in the
study, which can lead to selection bias. Consequently,
outcomes can be more favourable. To limit selection
bias as much as possible, every eligible patient without
COPD, primary care patient and secondary care patient
will be approached by their GP or chest physician,
respectively, to participate in the current study. Second,
health status may seem a subjective measure.
Questionnaires addressing health status usually look at
the emotional, psychological and physical effect of a
disease. Measuring health status implies quantifying the
impact of the illness on health, well-being and daily life,
in a standardised and objective manner. According to
Jones, the end product does not give a clinical impres-
sion, because an impaired health status may express
itself differently in each patient. However, these ques-
tionnaires make it possible to compare health status in
patients with COPD.41 Third, spirometry will not be
performed with the same devices. The spirometry per-
formed in tertiary patients with COPD will be carried
out at CIRO as a part of patients’ usual care with stan-
dardised spirometer equipment from Masterlab.
However, this device is not portable, making it impos-
sible to take on home visits. Therefore, the SpiroPro
Viasys will be used to measure lung function in patients
without COPD, and primary and secondary care
patients. Both devices are valid and reliable instru-
ments,21 42 and are currently used in COPD studies.43 44

The choice is made to perform only one measurement
method per person, to decrease the risk of adverse
effects (such as exhaustion). Subsequently, it is import-
ant to consider that spirometry is mainly performed to
confirm or exclude diagnoses in the different popula-
tions. FEV1 or FEV1/FVC are no outcome parameters
in the current study. Fourth, comorbidities are extensively
assessed in tertiary care. Comprehensive comorbidity
assessment is not being undertaken for patients without
COPD, primary and secondary care patients with COPD.
These groups only completed the Charlson comorbidity
index. Finally, measurements in primary and secondary
care patients as well as patients without COPD will only
be conducted cross-sectionally, not providing the possi-
bility to determine causality.

Clinical consequences
The current study is very likely to have clinical implica-
tions. Initially, it will give more insight in understanding
the systemic effects of COPD, especially the impact of
cardiovascular comorbidities on health status. By per-
forming echocardiography, we will be able to examine
cardiac abnormalities, for example, an impaired systolic
left ventricular function, valvular abnormalities or
increased right ventricular pressures, in relation to clin-
ical outcomes in COPD. This will enable better monitor-
ing of patients and ensure patient safety during
pulmonary rehabilitation. Ultimately, patients at risk can
receive more personalised, predictive, preventive and
participatory (P4 medicine) care, for example, to

prevent worsening and/or to optimise health status.45 In
addition, the current study will examine whether the
CAT is a valid measurement to assess health status in
Dutch patients, and local reference values for clinical
practice will be developed. Moreover, by comparing
patients without COPD and primary, secondary and ter-
tiary care patients with COPD, this study will increase
our understanding of similarities and differences
between the various healthcare categories in the
Netherlands.

Conclusion
To conclude, health status is an important patient-related
outcome in COPD. Thus, understanding the validity,
responsiveness and clinical determinants of the CAT is
essential for the management of patients with this disease.
The Chance study will greatly extend the current knowl-
edge on the CAT in patients with COPD and without
COPD. In this article, the study protocol is described, and
possible strengths and limitations are outlined.
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