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Background
Definition and pathophysiology of COPD

Chronic Obstructive Pulmonary Disease (COPD) is a common preventable and
treatable disease, mainly caused by cigarette smoking in the developed world. It
is characterized by persistent airflow limitation that interferes with normal
breathing, is usually progressive and associated with chronic inflammation both
in the lungs and systemically. It is not simply a ‘smoker’s cough’ but an under-
diagnosed, life-threatening disease. The more familiar terms ‘chronic bronchitis’
and ‘emphysema’ are included in COPD 1.

Prevalence and economic burden of COPD 

According to the World Health Organization (WHO) estimates, 210 million people
worldwide have COPD. Prevalence of and morbidity and mortality from COPD
are still increasing and are mainly based on numbers from developed countries.
Due to increased prevalence in developing countries, accurate epidemiologic
data on COPD are difficult and expensive to collect and massive underdiagnosis
is suspected. COPD used to be more common in men than women but nowadays
it affects men and women almost equally. Reasons for this shift are increased
tobacco use among women in developed countries and increased exposure to
indoor air pollution (biomass fuel used for indoor cooking and heating) in devel-
oping countries 2.
The economic burden of COPD in the European Union alone is estimated at 38.6
billion Euros annually, mostly from exacerbations and hospitalizations. From a
social perspective, one can express the burden of a disease in disability-adjusted
life years (DALY): the sum of years lost because of premature mortality and the
years of life lived with disability, adjusted for the severity of disability. COPD
was the eleventh leading cause of DALYs lost in the world in 1990 and it is
thought to be the seventh in 2030 3.
In summary, COPD is a leading cause of morbidity and mortality worldwide and
results in a still increasing economic and social burden.

Symptoms, diagnosis and classification of COPD

Clinically, COPD patients suffer from dyspnoea (breathlessness), cough and sputum
production. Sometimes these symptoms may aggravate, usually triggered by
bacterial or viral infections, and such aggravations are known as exacerbations.
Apart from these respiratory symptoms, COPD patients may also suffer from
systemic symptoms such as fatigue, weight loss and anorexia 4.
COPD patients often suffer from other (smoking-related) diseases, of which car-
diovascular disease and depression and anxiety are the most common 5;6. Besides
the daily symptoms of COPD (dyspnoea, cough and sputum production), exacer-
bations and comorbidities negatively impact on a patient’s health status and
may increase the risk of dying.

9
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Table 1.1. GOLD-classification of COPD

GOLD-classification FEV1% of predicted Interpretation

GOLD 1 ≥ 80% Mild
GOLD 2 50%≤ FEV1<80% Moderate
GOLD 3 30%≤ FEV1<50% Severe
GOLD 4 <30% Very severe

GOLD=Global Initiative for Obstructive Lung Disease, FEV1% of predicted: Forced
Expiratory Volume in 1 second, % of predicted value

Figure 1.1. Association between symptoms, spirometry and risk of exacerbations
• mMRC=modified Medical Research Council, level of dyspnoea, scores ranging from 0 (no
dyspnoea) to 4 (severe dyspnoea)

• CAT=COPD Assessment Test, assessment of the impact of COPD on wellbeing and daily
life, scores ranging from 0 (very happy) to 5 (very sad)

• Vertical line on the left side: old GOLD classification based on FEV1 (1: FEV1≥ 80%, 2:
50%≤ FEV1<80%, 3: 30%≤ FEV1<50% and 4: FEV1<30%

• Vertical line on the right side: history of exacerbations per year
• GOLD stadium A: low risk, fewer symptoms, GOLD B: low risk, more symptoms, C: high risk,
fewer symptoms, D: high risk, more symptoms
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To formally diagnose COPD, spirometry (assessment of lung function) is required;
the postbronchodilator FEV1/FVC ratio must be below 0.7 (FEV1=Forced Expira-
tory Volume in 1 second, FVC=Forced Vital Capacity)1. The classification of sever-
ity of COPD used to be based on the FEV1% of predicted only. See Table 1.1 for the
old classification of the Global Initiative for Obstructive Lung Disease (GOLD) 4.

For years, assessment of disease severity was based only on spirometry results.
But FEV1 correlates, at best, moderately with clinically relevant outcomes such
as health-related quality of life (HRQL), dyspnoea or exacerbations and an in-
creasing body of evidence shows that additional information should be consi-
dered to reflect disease severity 7-9. For example, a patient with moderate COPD
(FEV1 between 50% and 80%) may have serious symptoms of dyspnoea and fre-
quent exacerbations while another patient with severe COPD (FEV1 between 30%
and 50%) may have less dyspnoea and no exacerbations at all. Nowadays, classi-
fication of COPD combines the spirometry results with the history of exacerba-
tions and impact/symptoms of the disease (See Figure 1.1) 4.

Treatment of COPD

Smoking cessation is the most important treatment for smokers with COPD 10.
Figure 1.2 shows the expected decline of FEV1% over time for smokers (suscepti-
ble to its effects), non-smokers and former smokers. One can see that damage
caused by smoking is permanent with respect to FEV1% and that quitting smoking
will slow down decline almost to the same level as a never smoker. The decline in
FEV1% among COPD-patients is highly variable but increased in current smokers,
patients with bronchodilator reversibility and patients with emphysema 11.

Pharmacological therapy such as inhaled bronchodilators and inhaled corticoste-
roids improve quality of life and reduce the occurrence of exacerbations 12-15. To
treat exacerbations, oral corticosteroids and/or antibiotics are used 16;17.
Another important and effective treatment is pulmonary rehabilitation, a com-
bination of exercise therapy, patient self-management education and psycholog-
ical support. It relieves dyspnoea and fatigue, improves emotional function and
enhances patients’ coping with their disease, which are important domains of
COPD-specific HRQL 18;19. In primary care, pulmonary rehabilitation is rarely
offered to a patient, although also patients with moderate disease may benefit 20.
Clinical practice guidelines exists for treating COPD 4;21. However, most physi-
cians do not consider the patient’s severity of disease when prescribing treat-
ment. As a result, many patients are overtreated, for example, a lot of patients
receive inhaled corticosteroids although only patients with frequent exacerba-
tions and/or severe disease benefit 22;23. On the other hand, other patients are
undertreated, for example, pulmonary rehabilitation and long-term oxygen are
prescribed rarely despite strong evidence supporting their effectiveness 18-20;24-26. 
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Figure 1.2. Expected decline of FEV1
• On x-axis age in years, on y-axis FEV1 % of value at age 25, black line is expected decline
in FEV1 in a smoker, upper dotted line for a non-smoker, middle dotted line for a person
who quit smoking at age 45, lower dotted line for a person who quit smoking at age 65.

• Note that damage caused by smoking is permanent but quitting smoking will slow down
deterioration to the same level as a never smoker (with respect to decline in FEV1%).

Prediction models

In medicine, prognosis commonly relates to the risk of certain outcomes. Outcomes
are specific events, such as disease progression, complications or death. More
and more, prediction models are developed to enable clinicians to use a combina-
tion of predictors to estimate the risk of a certain outcome. Evidence shows that
prediction models are often as accurate or even more accurate than clinical pre-
diction 27. The best example of a prediction model extensively used in primary
care is the cardiovascular risk score to determine the indication for cholesterol
lowering and antihypertensive drugs 28-31 (See Figure 1.3).

Prediction models can be used to inform patients about their risk of specific events,
to guide patients and clinicians in treatment decisions, to select patients for
research purposes and refine the analysis of randomized trials 32;33. Ideally, a pre-
diction model is a precise measurement (good calibration) and able to correctly dis-
tinguish between different groups, for example to distinguish between high risk
and low risk (good discrimination) 32;34;35.

With regard to COPD, several prediction models have been developed. The majo-
rity of prediction models focus on mortality as outcome 7;36-46, although 
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Figure 1.3. Cardiovascular risk model as used in the Dutch guidelines for primary
care; ten-year-risk for cardiovascular morbidity or mortality for patients
without cardiovascular disease

• SBD=systolic blood pressure on the left vertical side, age in the middle, ratio total
cholesterol/HDL-cholesterol on the horizontal side

• Left column for women and right column for men, both divided in left side non-smokers and
right side smokers

• risk <10%; recommended treatment=lifestyle advices, no medical treatment, risk 10-20%;
recommended treatment=lifestyle advices, medical treatment only in presence of other risk
factors and SBP>140mmHg and/or LDL>2.5mmol/l, risk ≥ 20%; recommended treat-
ment=lifestyle advices, medical treatment if SBP>140mmHg and/or LDL>2.5 mmol/l

• Note that in case of diabetes mellitus, risk could be predicted by adding 15 years to the age

resource utilization 47, health status 48, hospitalization 36;44;47 and exacerbations
36;49;50 have also been used. The majority of the existing models have several lim-
itations, mainly with regard to generalizability (e.g. male population, severe
COPD patients) and practicality. Because of this practicality issue, most models
cannot or are unlikely to be used in primary healthcare.
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A chronic condition like COPD will affect HRQL 51. Since the disease cannot be
cured, treatment should be focussed on prevention of (quick) deterioration.
Fewer clinical symptoms, fewer exacerbations and fewer hospitalizations will
make patients happier and more active. It is important that patients are able to
participate in ‘normal’ things in life both economically and socially. In a chronic
condition like COPD, no one will question the importance of maintenance of
HRQL. Still, we found only one prediction model with COPD-specific HRQL as
outcome, the Health-Activity-Dyspnoea-Obstruction (HADO) score. However,
the HADO score has limitations with regard to internal and external validity 38.
Wouldn’t it be useful to have a prediction model with COPD-specific HRQL as
outcome, developed in and for primary healthcare?

Ice Cold Eric

Most COPD patients are completely managed in primary care. HRQL is one of
the most important outcomes from a patient’s perspective 51. There is no valid
model predicting HRQL yet. These three observations were taken into consider-
ation in the development process of an International Collaborative Effort on
Chronic Obstructive Lung Disease: Exacerbations Risk Index Cohort, the ICE
COLD ERIC study. The aim was to develop models to predict HRQL (primary
outcome) in primary care COPD patients. By the way, the study’s acronym was
chosen before we decided that HRQL was the outcome of primary interest.
Secondary outcomes were exacerbations and mortality. ICE COLD ERIC is a
prospective cohort study with 409 primary care COPD patients from the
Netherlands and Switzerland. Recruitment started in 2008 and follow-up will
end after five years for each patient, in 2014. The only exclusion criteria were an
expected life expectancy of less than 12 months and psychiatric comorbidity
that might invalidate patient-reported measurements. Our primary outcome is
COPD-specific HRQL, as measured by the Chronic Respiratory Questionnaire
(CRQ) 52;53. The CRQ consists of 20 questions providing an overall score of
HRQL and 4 domain-specific summary scores for dyspnoea, fatigue, emotional
function and mastery, all on 7-point scales where 1 indicates the worst and 7 the
best possible score. All candidate predictors were specifically selected on the
basis of their likely predictiveness and practicality in primary care. For example, a
commonly used predictor such as the six-minute-walking-test 7, which is hardly
available in primary care, was not selected as a candidate predictor.

Objectives of this thesis

In this thesis we describe the development of prediction models to predict over-
all and domain-specific HRQL in primary care COPD patients. All COPD
patients were identified through primary care physicians and the candidate pre-
dictors were purposively chosen for their current availability in primary care in
developed countries. The models are as practical as possible for use in primary
care practice to inform patients and doctors about the future course of disease.

14
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They may show patients the expected course of their HRQL in its four domains
(dyspnoea, fatigue, emotional function and mastery) and in case of an important
expected decline in one or more domains, it may help the doctor and patient to
(collaboratively) prioritize particular treatments. For example, a pulmonary
rehabilitation program could be considered to prevent an expected decline in the
dyspnoea domain 18-20.

Outline of the current thesis

Chapter 2 describes the design and objectives of the ICE COLD ERIC study. The
objective is to develop and validate practical prediction models for COPD-spe-
cific health-related quality of life in primary care COPD patients. The baseline
characteristics of the cohort, 409 primary care COPD patients from the
Netherlands and Switzerland, are described in detail in Chapter 3. The cohort
represents a wide range of disease severities and the prevalence of multimorbidi-
ty is high. In Chapter 4, the prediction models for overall and domain-specific
health-related quality of life are shown as well as the statistical approach. In
Chapter 5 we validated a questionnaire that was used in our study to assess
physical activity, the self-administered LASA [Longitudinal Ageing Study
Amsterdam] Physical Activity Questionnaire (LAPAQ). In Chapter 6 the predic-
tive performance was assessed of the exercise capacity tests used in our study:
the sit-to-stand test and the handgrip test. Finally, Chapter 7 focusses on the
accuracy of the assessment of exacerbations. The commonly used patient-
reported measurement of exacerbations is only moderately accurate and may
lead to an underestimation of treatment effects.
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Abstract
Background

Chronic Obstructive Pulmonary Disease (COPD) is a systemic disease; morbidity and
mortality due to COPD are on the increase and it has great impact on patients’
lives. Most COPD patients are managed by general practitioners (GP). Too often,
GPs base their initial assessment of patient’s disease severity mainly on lung
function. However, lung function correlates poorly with COPD-specific health-
related quality of life and exacerbation frequency. A validated COPD disease risk
index that better represents the clinical manifestations of COPD and is feasible in
primary care seems to be useful. The objective of this study is to develop and val-
idate a practical COPD disease risk index that predicts the clinical course of
COPD in primary care patients with GOLD stages 2-4.

Methods/Design

We will conduct 2 linked prospective cohort studies with COPD patients from GPs
in Switzerland and the Netherlands. We will perform a baseline assessment in-
cluding detailed patient history, questionnaires, lung function, history of exacer-
bations, measurement of exercise capacity and blood sampling. During the fol-
low-up of at least 2 years, we will update the patient’s profile by registering
exacerbations, health-related quality of life and any changes in the use of medi-
cation. The primary outcome will be health-related quality of life. Secondary out-
comes will be exacerbation frequency and mortality. Using multivariable regres-
sion analysis, we will identify the best combination of variables predicting these
outcomes over one and two years and, depending on funding, even more years.

Discussion

Despite the diversity of clinical manifestations and available treatments, assessment
and management today do not reflect the multifaceted character of the disease.
This is in contrast to preventive cardiology where, nowadays, the treatment in
primary care is based on patient-specific and fairly refined cardiovascular risk
profile corresponding to differences in prognosis. After completion of this study,
we will have a practical COPD-disease risk index that predicts the clinical course
of COPD in primary care patients with GOLD stages 2-4. In a second step we will
incorporate evidence-based treatment effects into this model, such that the
instrument may guide physicians in selecting treatment based on the individual
patients’ prognosis.
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Background

The majority of Chronic Obstructive Pulmonary Disease (COPD) patients are
treated in primary care 1. COPD is a leading cause of morbidity and mortality
worldwide with an increasing prevalence, especially in women, and an increas-
ing economic and social burden. Management of COPD is challenging because of
the diversity of clinical manifestations and available treatments 2. General prac-
titioners (GP) need to select those treatments that will improve the individual
patient’s health status and clinical course (prognosis) most. However, recent
surveys on COPD management show that a majority of physicians do not con-
sider the patient’s severity of disease when prescribing COPD treatments and
that current medical practice deviates substantially from the Global Initiative
for Chronic Obstructive Lung Disease (GOLD) guidelines 3-6. For example, a lot
of patients receive inhaled steroids although only patients with frequent exacer-
bations and/or GOLD stage 3 and 4 may benefit 7-9. Conversely, pulmonary reha-
bilitation and long-term oxygen are prescribed rarely for patients with advanced
COPD despite strong evidence supporting their effectiveness 3;4;10;11. These
results suggest that GPs may not have methods available to sufficiently consider
severity of disease and projected prognosis given particular treatment decisions.

Assessment of disease severity should not focus solely on lung function because
it correlates, at best, moderately with clinically relevant outcomes such as
health-related quality of life, dyspnoea or exacerbations. An increasing body of
evidence shows that additional information should be ascertained that better
reflects disease severity 12-15. And indeed, in their latest guidelines, the European
Respiratory Society and American Thoracic Society state that “it is accepted
that a single measurement of Forced Expiratory Volume in one second (FEV1)
incompletely represents the complex clinical consequences of COPD” and that
additional parameters should be ascertained 2.

There is one index, the BODE index, that follows this line by incorporating FEV1,
dyspnoea, body mass index and exercise capacity (6-minute walking test) into a
single index 14. It provides information about COPD patients’ prognosis and may
help tailoring therapy to a particular patient’s risk. However, although the BODE
index (B=Body Mass Index, O=Obstruction, D=Dyspnoea and E=Exercise capac-
ity) represents a substantial advance in COPD evaluation, it has important limita-
tions hindering its application in primary care. First, the 6-minute walking test is
currently not easily applicable outside a rehabilitation setting. Second, the devel-
opment process of the BODE index was not optimal; potentially important infor-
mation about disease severity such as history of exacerbations, current smoking
or arterial oxygen pressure was not considered in the development process. Third,
the BODE index predicts mortality, which hardly guides physicians in selecting
treatments. Fourth, the BODE index was developed in COPD clinics and it has
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Figure 2.1. Cardiovascular (CV) risk assessment and treatment choice

not been validated in any clinical or primary care population. Often, risk indices
perform worse in other populations or settings, which could lead to in-adequate
predictions followed by suboptimal decisions affecting patient management and
possibly outcome 16. These limitations currently make the BODE index unsuit-
able for primary care settings. A recent survey illustrates this: only 28% of GPs
said they had heard about the BODE index and 0% knew any of its components 5.
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Figure 2.2. COPD risk assessment and treatment choice (example)

Therefore, a disease risk index for COPD patients should be developed using more
advanced methods and one that is applicable in primary care. The European
Respiratory Society and American Thoracic Society also call for a multivariable
disease risk tool; “a staging system that could offer a composite picture of dis-
ease severity is highly desirable, although it is currently unavailable” 2. This is
also in line with the growing interest in the medical community for risk-stratifi-
cation based on multivariable evaluation.

Respiratory medicine might gain from emulating the approach taken in preventive
cardiology. Cardiovascular risk can be estimated based on several parameters, as
shown in Figure 2.1, which in turn guide selection of treatments (so-called risk
index guided treatment). Correspondingly, future COPD management might look
as shown in Figure 2.2. Assessment by a risk index would inform the optimal selec-
tion of COPD treatments targeting current symptoms and limitations as well as
slowing down disease progression. Thus, COPD management would be individu-
alized and, thereby, on average, tailored better to a particular patient’s needs.

In conclusion, the aim of the ICE COLD ERIC study is to develop and validate a
practical COPD disease risk index that predicts the clinical course of COPD in
primary care settings. In this study, we will identify important risk predictors
for health-related quality of life, exacerbation risk and mortality. In a second
step we will try to incorporate treatment effects into the model using data from
the study itself and (external) data from pertinent RCTs and meta-analyses.
This instrument will guide treatment on the individual patient’s COPD severity.
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Figure 2.3. Flow chart

Methods/Design
Study design

We will conduct two prospective cohort studies (Swiss and Dutch counterparts),
following a similar study protocol. We hope to be able to collect data from other
cohort studies with similar protocols at a later stage. Figure 2.3 contains a flow
chart of the study. The study has been approved of by all local ethic committees
and is registered on the website www.ClinicalTrials.gov with the identifier:
NCT00706602.
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Outcomes

The primary outcome, for which the risk index will be developed, will be COPD-
specific health-related quality of life as measured by the Chronic Respiratory
Questionnaire (CRQ). COPD-specific health-related quality of life is one of the
main outcomes used in prognostic COPD research whether observational or
interventional 11-13. Secondary outcomes will include COPD exacerbations
requiring medical treatment and mortality.

Population

We will include patients ≥ 40 years of age with COPD in GOLD stage 2-4 (post-
bronchodilator FEV1/FVC <0.70 and postbronchodilator FEV1 <80% of predict-
ed), who are able to complete the baseline assessment and who have been free of
exacerbation for at least four weeks. Exclusion criteria will be a life expectancy
of ≤ 12 months (predicted by the patient’s GP), dementia, psychosis or other
psychiatric morbidity that invalidates assessment of patient-reported parame-
ters such as health-related quality of life, physical activity or dyspnoea, and
inability to complete the baseline assessment due to language difficulties. These
criteria will be evaluated in cooperation with the participating GPs by browsing
the patients’ charts and during the eligibility testing.

Recruitment of GPs and patients

In Switzerland, we will invite GPs from private practice in the cantons of Zurich
and St. Gallen using a two-stage strategy. In a first step, we will involve GPs
from the North-Eastern part of Switzerland whom we know to have an active
interest in research activities. Through these GPs we will identify more GPs
potentially willing to participate (snowballing approach). In a second step, we
will invite the latter to participate. We will send them a brochure describing the
background and aim of the study as well as what participation entails. Also, we
will outline the benefits of participation. Participating GPs will identify poten-
tially eligible patients through electronic or paper-based patient charts. For elec-
tronic patient charts, GPs will search with the key terms “copd”, “chronic bron-
chitis”, “emphysema”, “asthma” and a combination of “smoking”, “≥ 40 years of
age” and “male” to identify patients with obstructive airway disease. Paper-
based patient charts will be screened by hand. The participating GPs inform
potentially eligible patients about the purpose of the study, the involvement of
university investigators and the eligibility testing procedure. Patients indicating
a wish to participate will be invited by telephone for eligibility testing. After
obtaining a first informed consent, investigators will perform the eligibility
testing and, if proven eligible, obtain a second informed consent to participate
in the study before proceeding to the baseline assessment.
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In the Netherlands, we will include COPD patients from GPs registered in the GP
research network of the Department of General Practice, University of Amsterdam
(HAG-net Academic Medical Centre) and Zorggroep Almere. The HAG-net
Academic Medical Centre consists of 7 health care centres, ±45 GPs and ±45,000
patients. The Zorggroep Almere consists of 22 health care centres, ±120 GPs and
±165,000 patients. GPs will identify potentially eligible patients through the elec-
tronic patient charts and will send them study information and an invitation letter.
We will use the ‘opt-out method’, meaning that patients who are not interested
to participate or who do not permit us to telephone them have to return a reply
card indicating so. By telephone, study personnel invites for eligibility testing all
patients who did not respond via the reply card within 10 days. After obtaining
informed consent to participate in the study, investigators will perform the eligi-
bility testing and, if proven eligible, proceed to the baseline assessment.

Eligibility testing

The study personnel will assess whether the patients have COPD stage II-IV using
portable and hand-held spirometry (EasyOne Model 2001 diagnostic spirometer,
ndd Medizinaltechnik, Zürich, Switzerland). This spirometer uses ultrasonic
flow measurements and determines several lung function parameters. For our
purpose, we will determine postbronchodilator FEV1 and Forced Vital Capacity
(FVC) as a measure for airflow obstruction and the Inspiratory Reserve Volume
(IRV) as a measure for hyperinflation. Ten minutes before measuring lung func-
tion, patients will inhale two puffs of 100µg salbutamol through a spacer.
Informing the patient about the study, obtaining informed consent and lung
function testing will require about 30 minutes.

Baseline assessment

Baseline assessment is standardized and includes history taking, completion of
self-administered questionnaires, testing of exercise capacity and blood sampling.
To ensure comparability across centres and countries, we have developed and
pilot tested case report forms and instructions for testing. Investigators will meet
at least twice a year to ensure that the baseline assessment remains identical in
both countries. The baseline assessment takes about 60 minutes to complete.

The following data will be ascertained at baseline by study personnel:

Patient history

General information
Date of birth, sex, living situation, (former) occupation and education.

COPD-specific
Study personnel will enquire after the year the diagnosis of COPD was made,
smoking history, current smoking and smoking exposure at home. The number
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of pack years (1 pack year=smoking 20 cigarettes per day for one year) will be
calculated. We will rely on patient-reported smoking. Ideally, smoking is deter-
mined chemically using carboxyhemoglobin (CO-Hb). Although CO-Hb will be
measured in this study, it is likely that GPs using the risk index in the future
will determine current smoking by interview instead of measuring CO-Hb.

Exacerbations
Since ascertainment of exacerbations is challenging 17;18, we will use several ap-
proaches to identify them. First, study personnel will ask the patients how many
exacerbations they have had in the previous year. Second, this will be checked in
the electronic or hand-written patient charts for documented in- and outpatient
treatments. To be counted as an exacerbation, 2 criteria must be fulfilled; un-
scheduled physician contact in a hospital, private practice or by telephone for
worsening of dyspnoea, cough, increased sputum production and/or a change in
sputum color AND electronic or hand-written documentation of a new prescription
or a dosage increase of systemic steroids and/or new prescription of an antibiotic.

Dyspnoea scale
We will use the Medical Research Council (MRC) dyspnoea scale 19. The MRC
scale ranges from 0 (not troubled by breathlessness except on strenuous exercise)
to 4 (too breathless to leave the house or breathless when (un)dressing).

Chronic cough and phlegm
We will use the questions about cough and phlegm from the Swiss Cohort Study
on Air Pollution and Lung Diseases in Adults (SAPALDIA) Questionnaire 20. In
Switzerland, the original version in German will be used; in the Netherlands a
Dutch version will be used. Two translators independently translated the German
version of the SAPALDIA questionnaire into Dutch. After consensus, another
translator, unaware of the original German version, backtranslated this Dutch
version of the SAPALDIA questionnaire and the backtranslated version appeared
to be similar to the original German version.

Comorbidities
By asking the patient and screening the patient chart, study personnel will register
whether the patient has been diagnosed with cardiovascular disease, cerebrovas-
cular disease, diabetes, current or previous cancer, musculoskeletal disease or
other chronic disease. Study personnel will also register the current health status,
e.g. current infections.

Drugs
Study personnel will register the prescribed drugs at that moment as documented
in the patient chart, including yearly influenza and pneumococcal vaccination.
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Other therapies
Study personnel will register if the patients have had long-term oxygen therapy,
physical training, lung surgery, lung revalidation etc.

Body Mass Index
Study personnel will measure weight and height to derive the Body Mass Index (BMI).

Questionnaires

COPD-specific health-related quality of life
We will use the widely used and validated Chronic Respiratory Questionnaire
(CRQ) in a Dutch and German version 21;22. The 20 questions of the CRQ pro-
vide summary scores for four domains that are deemed important to COPD
patients (dyspnoea, fatigue, emotional function, and mastery). Patients answer
each question on a seven-point scale to express the degree of disability from 1
(maximum impairment) to 7 (no impairment). The total score and score per
domain can be calculated by using the mean value ranging from 1 to 7. We will
use the self-administered version that takes 5-10 minutes to complete. A change
of 0.5 in CRQ domain scores represents the minimal important difference 23.

Feeling thermometer
The Feeling thermometer is a validated visual analogue scale presented as a ther-
mometer with 100 marked intervals 25-27. The worst (dead=0) and the best (per-
fect health=100) health states are defined anchors and facilitate comparisons
between individuals and groups. We will ask patients to reflect in their score
how they have felt in the last seven days.

Self-efficacy instrument
Self-efficacy is the patient’s belief in his or her skills to manage the illness. It is
associated with medication compliance and might be a prognostic factor. We
will use a short COPD-specific instrument to measure the patient’s self-efficacy.
It contains 3 questions about the management of their illness on a five-point
scale from 1 (not confident) to 5 (very confident).

Anxiety and depression
For affective disorders, common in COPD patients and contributing to health-
related quality of life, we will use the Hospital Anxiety and Depression Scale
(HADS) 27. The HADS has been developed and validated to assess symptoms of
anxiety and depression in patients with physical impairment. There are seven
items for each domain (anxiety and depression) with statements on emotions
and emotional situations. Patients express their agreement with the statements
on a scale from 0 to 3. Domain scores are calculated by summing up the scores
for the seven items resulting in scores from 0 (no depression/anxiety) to 21
(depression/anxiety very likely to be present). Scores ≥ 8 indicate that there is

28

CHAPTER 2

• Boekje Lara_Pro-Press_Basis Boekje  11-07-14  12:32  Page 28

        



an increased probability of an affective disorder being present. A change of 1.5 in
HADS domain scores represents the minimal important difference 23;28. We will
use the self-administered version that takes around 5 minutes to complete.

Self-reported activity
We will use the Physical Activity Questionnaire (LAPAQ) from the Longitudinal
Ageing Study Amsterdam (LASA) 29. The LAPAQ is a validated questionnaire
available in English and Dutch that covers the frequency and duration of walking
outside, bicycling, gardening, household activities and sport activities during the
previous two weeks. The questionnaire takes 5-10 minutes to complete. Since
there was no German version available we have developed one. Three translators
independently translated the Dutch LAPAQ into German. After a consensus meet-
ing a first version of the LAPAQ was generated that was considered to be identical
to the Dutch version. We then pilot tested the German LAPAQ for its comprehen-
sibility in COPD patients. Another translator unaware of the original Dutch ver-
sion backtranslated the LAPAQ and the backtranslated version was compared
with the original LAPAQ in order to exclude conceptual differences. A formal vali-
dation process of the German LAPAQ is currently ongoing.
There is one difference between the Dutch and German LAPAQ. In the Netherlands
walking and bicycling for transportation purposes are considered as common daily
activities and not as sports activities. This is not the case in Switzerland where
bicycling is mostly a sports activity. Therefore, we decided to add a question to
the German version containing the frequency and duration of walking uphill
because walking uphill is a daily activity for many people in Switzerland. We
made this addition in collaboration with the developers of the original LAPAQ.

To counteract potential order effects that might result if patients are, for example,
tired after one questionnaire or more tired completing the LAPAQ than complet-
ing the CRQ, we will randomize the order of questionnaire administration.
Patients are assigned one out of six different orders. We will use a computerized
block randomization to generate the randomization list.

Exercise Capacity
We will use 2 tests to measure the exercise capacity.

Sit-to-stand test
This test is performed using a chair without arm rests. The test is first demon-
strated by study personnel. Patients are requested to hold their hands on their
hips and to complete the sitting and standing positions as correctly and as fully
as possible without using the arms for support. After a cue, patients stand upright
and without delay sit down again, repeating the procedure as many times as
possible in a 1 minute period at a self-selected speed in which they feel safe and
comfortable (taking rests at their own discretion). Care is taken to be in full
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extension motion and approximately 90 grade flexion motion in knee joint. The
number of completed repetitions is recorded. The patients are permitted to have
rest periods to complete 1 minute 30.

Handgrip test
We will use the Hand Dynamometer (JA Preston Corp, Ontario, Canada) to assess
grip strength of both hands. The measurements are performed while the patients
are seated with the shoulders adducted, elbows flexed to 90˚ and forearms in the
neutral position. The test will be performed three times in each hand.

Blood sample

Five tubes (two heparin tubes, one serum tube and two EDTA tubes) of venous
blood will be taken to test for parameters with potential associations with
COPD-specific health-related quality of life decline, exacerbations, death and for
future testing of blood markers and genetic factors in order to protect our study
from early out-of-datedness. Although genetic testing is not routine yet in
COPD, there are a number of polymorphisms with potential prognostic signifi-
cance. We comply closely with the guidelines for biobanks of the Swiss
Academy of Medical Sciences 32. To ensure correct sampling, storage and genetic
analysis, the samples will be coded. The decoding is stored at the Horten Centre
in Zurich, Switzerland, and the Academic Medical Centre in Amsterdam, the
Netherlands, and is only accessible to the investigators. The blood samples will
be taken to the laboratories in Zurich and Amsterdam by the study personnel.
One heparin tube will be used for determining carboxyhemoglobin and the sec-
ond for testing blood markers (C-reactive protein, total cholesterol, high-densi-
ty lipoprotein cholesterol, low-density lipoprotein cholesterol, triglycerides, cre-
atinin, bilirubin, alanine-aminotransferase, gamma-glutamyltransferase and
glucose). The remaining blood and the serum tube will be distributed to four
aliquots and stored at -80˚C in freezers located at University Hospitals of
Zurich and Amsterdam. One EDTA tube will serve to extract DNA and the sec-
ond to count leucocytes and to perform a differential blood count. The blood
samples will be stored for a maximum duration of 20 years.

Follow-up

Currently, funding is assured for at least two years of follow-up. For an exten-
sion of the follow-up, additional funding is required. We will contact patients
half-yearly by telephone to ascertain outcomes and to update the patients’ pro-
file using the baseline patient history form and we will send them the question-
naires. After two years we will additionally measure lung function and exercise
capacity again. We will ask patients about exacerbations during the follow-up
interviews. In addition, the Swiss GPs will be asked to complete a form each
time an exacerbation occurs and fax it to the study centre. The Dutch investiga-
tors will review the patient charts for possible exacerbations. Thus, this combi-
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nation of means to document exacerbations will minimize the chance of missing
exacerbations requiring medical treatment, Also, for each patient, an independent
and blinded adjudication committee (2 experienced pulmonologists and 1 GP)
will check all clinical evidence from all available documents to judge whether the
doctor or hospital visits were due to an exacerbation and to distinguish these
from other events mimicking exacerbations such as heart failure.
To take into account changes in the patients’ profile over time, we will inter-
view patients during follow-up about dyspnoea, cough, physical activity, smok-
ing status and treatment as described above. Based on experience in earlier stud-
ies, these follow-up interviews will require about 25 minutes.

Statistical analysis - prediction model

In choosing an approach to the statistical analysis, the use of the risk index in
practice should be kept firmly in mind. The goal is prediction of the course of ill-
ness as expressed in health-related quality of life, risk of exacerbation and mor-
tality. In principle, the CRQ has four domains (dyspnoea, fatigue, emotional
function and mastery) and domain-specific predictions probably will trigger dif-
ferent therapeutic actions. So, potentially, seven different prediction models
can be built: 4 on the CRQ domains, one for the overall CRQ score, one for exac-
erbation risk and one for mortality, respectively. These models are likely to have
at least some predictors in common. We envision that a practitioner will collect
all predictors and receive a pattern of 7 predictions to discuss with the patient
and base the therapy on. The added value of information whose collection
requires more time (sit-to-stand test, questionnaires) will be systematically
assessed. Obviously, the different endpoints require the use of different regres-
sion techniques: linear regression (CRQ), Cox regression for recurrent events
(exacerbations) and Cox or logistic regression for mortality.

In clinical terms we envision the use of a prediction model in the following situ-
ations. First, in patients who visit the practice and are first diagnosed as having
COPD. And second, in patients known to have COPD, who are identified
through the electronic patient charts for a scheduled follow up visit. Our model
will not be optimally suitable for use at unscheduled visits, triggered perhaps by
exacerbations due to our exclusion criterion on current exacerbations.

Issues important in constructing multivariable models depend on the purpose of
the multivariable model (correcting for confounding in studying causal effects,
exploratory analyses that try to identify independent risk factors, or prediction
models). Even with the purpose in mind, there seems to be consensus that there
is no consensus on how one should build multivariable models 32-34. Here we will
restrict to issues important in constructing prediction models. In particular, the
issue of variable selection is contentious. Very often, subject matter knowledge
is not of much help, since that has already been incorporated into the question-
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naire development and the measurement of other (e.g. blood-based) determinants.
Such questionnaires most often contain more items than a realistic model may
tolerate. We favor parsimonious models because most clinicians have little time.
Even data reduction techniques such as principal component analysis applied to
many predictors, as proposed by Harrell 33, although facilitating efficient model
fitting, still forces physicians to collect a lot of data. Usually there is no time to
do that, although (in the future) there may increasingly be exceptions where
part of the information may be collected from electronic patient charts or in the
waiting room through an internet connection or from home prior to the actual
visit. Most experts think that univariable screening of predictors should not be
performed and we will avoid that.
Missing values in limited amounts and if scattered throughout different predic-
tors may be dealt with by multiple imputation although it may require additional
software programming to perform for example bootstrapped variable selection in
more than one imputed data set and elegantly integrate the results from each
imputed data set into a single model. By contrast, many missing data on just one
or a few tests may indicate that such data will end up missing in practice too, so
imputation and incorporation of such a test in a prediction rule seems unwise.

Royston and Sauerbrei emphasize the importance of modeling continuous predic-
tors correctly, avoiding unnecessary categorization. They argue that multivariable
fractional polynomials may be seen as a flexible and convenient compromise
between ultra-flexible but potentially unstable local influence models, such as
(smoothing) splines and relatively inflexible global influence models, such as for
example conventional polynomials 34. We think that they argue their case con-
vincingly and will explore multivariable fractional polynomials for our continuous
predictor candidates such as age, exercise capacity test results and blood values.

The biggest issue of contention seems to be the one of variable selection. There
is the choice between full models (which, as stated above, we think are imprac-
tical due to physicians’ time restraints), backward elimination, shrinkage, lasso
(least absolute shrinkage and selection operator) or least angle regression (LAR)
and finally, one we think has much potential, the garotte 34-36. The garotte is a
shrinkage approach in which the degree of shrinkage is reduced as the predic-
tor’s regression coefficient gets larger. This is attractive since, according to
Copas, large coefficients do not need (much) shrinkage. Lasso and general
shrinkage may shrink large coefficients too much. A drawback of the garotte is
that it starts with a full model which may be too large to fit. We expect to be
able to explore the garotte if we succeed in programming it. The final model may
still be subjected to enhanced bootstrap procedure to estimate over-optimism.
This is usually expressed as the difference between areas under the curve or
Brier scores. We will explore any over-optimism in the predicted values and their
corresponding confidence intervals.
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In much of the literature on prediction of cardiovascular disease, ongoing treat-
ments in observational cohorts are not (explicitly) accounted for. This seems to
be incorrect because it is easy to envision that the prognosis of a patient with
high blood pressure while on antihypertensive treatment differ from a patient
with high blood pressure without any treatment. For example in COPD, the
prognosis of a patient with a low MRC score while on bronchodilators can differ
from the prognosis of a patient with the same MRC score without bronchodila-
tors. In ICE COLD ERIC we collect data on treatment (changes) and intend to
use them in the models where necessary.

We will have several options to validate our prediction model. For example, the
Dutch cohort could be the derivation set and the Swiss cohort the validation set
or vice versa. One of other possibilities is that half of each cohort could be used
as derivation set and the other half as validation set. Or, we can even combine
all data to derive the model and test the model via bootstrap. At the time of
writing, we have not decided which route we will follow. At the time we need
to make that decision, we will try to find the best solution at that moment
according to the statistical literature. 

Discrimination of the model(s) will be visualized in high resolution histograms
and summarized as 5th, 10th, 25th 50th, 75th, 90th, and 95th centiles of these, Brier
score and the area under the receiver operating characteristics curve (ROC) with
95% confidence intervals (overall discrimination) 37. Using the regression coeffi-
cients of the independent diagnostic indicators, an easy to use, multivariable
diagnostic rule (clinical index) will be derived, consisting of relevant tests and
their diagnostic values 39. Calibration will be assessed using Hosmer Lemeshow
tests and visualized using calibration plots (observed versus expected (or rather,
model-based) probabilities).

Statistical analysis - selecting patient management

A prediction rule is not a decision rule 39. For physicians, it may be unclear how
predictive information may be employed to change a patient’s management ben-
eficially. We would like to incorporate knowledge on treatment effects into our
model(s) to guide physicians and patients in their decisions on how manage-
ment should change given the predicted probabilities that a predictive model
provides. In that respect, separate prediction of long-term outcomes for the sub
domains of the CRQ may be much more unequivocal than a prediction of the
total score in one or two years time. So, it is still attractive to explicitly model
effects of treatment as to provide physician and patient with predictions condi-
tional on particular treatments. Although the ICE COLD ERIC cohort(s) con-
tain some information on treatment effects, we expect that the combined evi-
dence from RCTs on COPD or good meta-analyses thereof may be a more
fruitful source to see how predictions may be altered beneficially. This topic is
currently being debated by our group and we cannot be more specific here.
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Sample size

The number of covariables that we will consider for the regression analysis is
roughly 20, and using the rule that at least ten times as many patients are need-
ed than covariables considered, we will need at least 200 patients per population.

Data collection and quality control

We will implement a series of measures to ensure high data quality.

1. Site investigators will collect the data using standardized forms.

2. All data will be collected and entered into a single database in MS-Access at
the Academic Medical Centre provided by the Department of Clinical
Epidemiology, Biostatistics and Bio-informatics. All data will be double
entered and checked by a compare procedure.

3. International investigator meetings will be held (at least) twice yearly for all
staff involved in data collection to detect any divergence in data collection
procedures. This involves site mutual visits whenever possible.

4. Local investigators meetings will be held monthly, or more frequently if need-
ed, to discuss recruitment of patients and problems in conducting the study.

5. E-mail will serve as the first line of non-urgent communication between
research team members.

6. In Switzerland, monthly reports will be prepared by the principal investigator
and sent to all GPs to inform about the number of patients recruited and
important issues concerning the conduction of the study.

Discussion

Management of COPD is challenging due to the various treatment options and
the heterogeneous character of the disease. The actual (as opposed to ideal)
assessment and treatment choices today are quite similar for all COPD patients
and are often based on too few disease characteristics. This often leads to under-
treatment of patients with severe COPD and overtreatment of patients with
mild COPD. An example of overtreatment is the widely prescribed inhaled corti-
costeroids in mild patients. Results from recent studies suggest that GPs may
not have methods available to sufficiently consider severity of disease for treat-
ment decisions 3-11.

In preventive cardiovascular care, treatment decisions are based on the cardio-
vascular risk profile of the individual patient in primary care. Based on the most
important predictors, patients fall into a specific risk profile. These profiles are
formally coupled with treatment effects and costs considerations. Based on
these components, treatment recommendations may be made. We believe that
this so called risk index-guided treatment for specific patient profiles may well
be applicable to COPD too.
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The aim of this study to develop and validate a practical COPD disease risk index
for the primary care will individualize and improve COPD management. Assess-
ment of disease severity should not focus solely on lung function. An increasing
body of evidence shows that additional information should be ascertained that
better reflects disease severity than lung function 2;12-15.

We expect that after this study, the disease risk index will be ready for use in
primary care. It will divide COPD-patients into specific risk profiles (low, medium
and high risk) for each of the outcomes; COPD-specific health-related quality of
life (domain-specific), exacerbation risk and mortality. In a second step we will
incorporate treatment advices into the model by using data mainly from perti-
nent RCTs and meta-analyses. Ways to incorporate treatment advices into the
prediction model may be challenging and are currently being explored by our
team. In the development process of the cardiovascular risk model, the relative
risk (RR) was treated as constant across all risk profiles.
Thus a predicted risk of cardiovascular death within 10 years of 30% may be
reduced by RR=0.8 to 24% (absolute risk reduction =6%) whereas the same RR
reduces a 3% predicted risk to 2.4% (absolute risk reduction =0.6%). Adding costs
considerations may lead to a recommendation to treat the former, and not the lat-
ter patient. It is unclear whether in our study, examining COPD, we will have the
luxury of finding convincing evidence of constancy of relative risks (or odds ratios)
of different treatments. If not, we will have to develop more refined methods.

Using the risk score that we will develop, the management of COPD in primary
care will improve. Treatment decisions will be tailored better to the needs of the
individual patient, resulting in less unnecessary treatment prescriptions, less
exacerbations and a better COPD-specific health-related quality of life. We also
expect that COPD management will become more cost-effective.
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Abstract
Introduction

ICE COLD ERIC is a prospective cohort study with COPD patients from Switzerland
and the Netherlands designed to develop and validate practical COPD disease
risk indices that predict the clinical course of COPD patients in primary care. This
paper describes the characteristics of the cohorts at baseline.

Material/Methods

Standardized assessments included lung function, patient history, self-adminis-
tered questionnaires, exercise capacity and a venous blood sample for analysis of
biomarkers and genetics.

Results

258 Dutch and 151 Swiss patients were included. Median age was 66 years, 57%
were male, 38% were current smokers and 55% were former smokers. 76% had
at least one and 40% had ≥ 2 comorbidities with cardiovascular disease being
the most prevalent one. The use of any pulmonary and cardiovascular drugs was
84% and 67% respectively. Although lung function results (median FEV1 was
59% of predicted) were similar across the two cohorts, Swiss patients reported
better COPD-specific health-related quality of life (Chronic Respiratory
Questionnaire) and had higher exercise capacity.

Discussion

COPD patients in the ICE COLD ERIC study represent a wide range of disease sever-
ities and the prevalence of multimorbidity is high. The rich variation in these pri-
mary care cohorts offers good opportunities to learn more about the clinical
course of COPD.
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Introduction

Most patients with Chronic Obstructive Pulmonary Disease (COPD) are managed
completely by general practitioners (GP). GPs face the challenge to provide effec-
tive health care for patients with a highly heterogeneous disease to reduce the
great impact of COPD on patients’ lives. An important part of the management
includes an evaluation of disease severity and its implications for the choice of
treatments. Interestingly, GPs do not base the evaluation of COPD patients on
lung function only but consider other prognostically important markers such as
history of exacerbations or dyspnoea 1,2. Such practice is supported by evidence
that shows that lung function incompletely reflects patients’ health state and is,
in fact, associated only weakly with prognosis 2-6. There is increasing agreement
among experts that characterizing patients should be based on combinations of
prognostically important characteristics such as frequency of exacerbations,
exercise capacity and dyspnoea that better reflect the multifaceted nature of
COPD than a single parameter 7.

An attractive approach for combining patient characteristics are scores such as the
BODE (Body-mass index, Obstruction, Dyspnoea, Exercise capacity), ADO (Age,
Dyspnoea, Obstruction) or DOSE (Dyspnoea, Obstruction, Smoking status,
Exacerbation frequency) indices 1,3,8. Such scores can be used to asses the risk for
premature mortality or exacerbations and may guide therapeutic management.
Unfortunately, there seems to be low awareness for these indices in primary care 9,
which may be due to the unavailability of some components such as 6-Minute
walk distance or the lack of validation in primary care cohorts. The ADO and
DOSE index overcomes some of these limitations by including only parameters
easily available in primary care 1,8. However, GPs may also be interested in the
prediction of the clinical course of their patients in terms of measures of symp-
toms and health-related quality of life. Therefore, disease severity indices for
COPD patients should be developed or at least validated in primary care popula-
tions because they may reflect a COPD population that is different from many
COPD cohorts that are mainly recruited in secondary and tertiary care centres.

We designed the ICE COLD ERIC study to develop and validate such practical
COPD disease severity indices in primary care patients with GOLD stages 2-4 10.
This paper describes baseline characteristics and provides a detailed characteri-
zation of the ICE COLD ERIC cohorts.

Methods and design

ICE COLD ERIC is an international study in which 2 prospective cohort studies
with primary care COPD patients (GOLD stages 2-4) from Switzerland and the
Netherlands are linked. All included patients have provided written informed
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consent. The study has been approved of by all local ethics committees and is
registered on www.ClinicalTrials.gov (NCT00706602).

Population

Included patients are ≥ 40 years of age with COPD in GOLD stage 2-4 who were
able to complete the baseline assessment and who had been free of exacerbation
for at least four weeks. Exclusion criteria were a life expectancy of ≤ 12 months,
dementia, psychosis or other psychiatric morbidity that would invalidate assess-
ment of patient-reported parameters and inability to complete the baseline
assessment due to language difficulties. Patients were included between April
2008 and April 2009.

A single protocol for both countries was designed for the baseline assessment and
the follow-up assessments. To ensure comparability, we developed and pilot
tested case report forms and instructions for testing. Investigators meet twice a
year and have frequent telephone and email contact to ensure that the assess-
ments remain similar in both countries. More details on the study protocol were
reported elsewhere 10.

Study design/Methods

The baseline assessment 10 consisted of lung function measurement (Forced Expi-
ratory Volume in 1 second [FEV1], Forced Vital Capacity [FVC] and Inspiratory
Reserve Volume [IRV]) after bronchodilation with two puffs of 100µg salbutamol
through a spacer, a detailed patient history with general information (date of
birth, sex, living situation, occupation and education) and COPD-specific infor-
mation (year of diagnosis, smoking history, current smoking, exposure to smoke
at home, exacerbations, chronic cough and phlegm), detailed registration of
comorbidities, use of drugs and any non-drug treatments for COPD and other
diseases (self-reported). It also included measurement of Body Mass Index (BMI,
as calculated by height/weight 2).

All patients completed several questionnaires. To assess dyspnoea, they completed
the Medical Research Council 11 (MRC) dyspnoea scale with a score of 0 to 4
where 0 means ‘no or little dyspnoea associated with heavy physical activity’ and
4 means ‘too breathless to leave the house or breathless when (un)dressing’. For
COPD-specific health-related quality of life, the Chronic Respiratory Question-
naire (CRQ) was used 12-14. The CRQ provides scores in four different domains
(dyspnoea, fatigue, emotional function and mastery) each on a scale of 1 to 7,
where 1 is the worst score indicating very poor health-related quality of life and
7 the best. Patients scored their health on the Feeling Thermometer 15-17, a scale
of 0 (very bad) to 100 (very good), and they answered three questions for mea-
suring self-efficacy, the patient’s belief in his or her skills to manage the illness.
We used a short COPD-specific instrument to measure the patient’s self-efficacy.
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It contained 3 questions for coping with COPD, dyspnoea and the use of pulmonary
drugs respectively, on a five-point scale from 1 (not confident) to 5 (very confi-
dent). Finally, the Hospital Anxiety and Depression Scale 18,19 (HADS) was used
to provide scores for depression and anxiety. Scores above 8 indicate that a
depression and/or anxiety disorder is likely to be present.

Two tests were performed to measure exercise capacity, the sit-to-stand test
and the handgrip strength test. During the sit-to-stand test patients hold
their hands on their hips and they complete the sitting and standing positions
on a chair without arm rests for one minute as correctly and as fully as possi-
ble without using the arms for support 20. The handgrip test is used to assess
grip strength of both hands with the Jamar Hand Dynamometer (JA Preston
Corp, Ontario, Canada) 21.

A blood sample was taken from each patient to measure creatinin, bilirubin, ala-
nine-aminotransferase, total cholesterol, high-density lipoprotein cholesterol,
low-density lipoprotein cholesterol, triglycerides, C-reactive protein, carboxy-
hemoglobin and leucocytes. A differential blood count was performed and DNA
was extracted and stored at -80° Celsius.

Finally, for every patient, we calculated the ADO and DOSE indices 1,8. The ADO
index estimates the 3-year mortality risk and the DOSE index estimates health
status. Of note, the ability of the ADO and DOSE indices to predict mortality,
exacerbations and health status in our populations will be reported when our
follow-up assessments are completed.

Statistical analysis

Summary statistics were calculated for all variables. Percentages and absolute
numbers are used to describe dichotomous and categorical variables. Median, 5th

centile and 95th centile are used to describe continuous variables. The 5th centile
means that only 5% of the observed values is lower than that value and the 95th

centile means that 95% is lower than that value (and only 5% higher). Data were
analyzed in STATA 10.1.

Results

Table 3.1 summarizes general and COPD-specific patient characteristics. Male/
female ratio was 50/50 for the Dutch and 68/32 for the Swiss cohort. The medi-
an age was 66 in the Dutch and 67 in the Swiss cohort. Half of the patients in
both cohorts had a diagnosis with COPD for less than 5 years and 19% of the
Swiss and 9% of the Dutch patients had this diagnosis for less than one year.
The median number of pack years was 37 for the Dutch and 45 for the Swiss
cohort. The percentage of smokers versus former smokers was 40 versus 53 for 
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Table 3.1. Patient characteristics among 258 Dutch and 151 Swiss COPD-patients
enrolled in the ICE COLD ERIC prospective cohort study

Dutch cohort Swiss cohort Total cohort 
(n=258) (n=151) (n=409)

Sex † Male 130 (50.4) 103 (68.2) 233 (57.0)
Female 128 (49.6) 48 (31.8) 176 (43.0)

Age p5, p50, p95 51, 66, 83 52, 67, 81 51, 66, 82

BMI p5, p50, p95 18.6, 25.5, 36.5 19.8, 25.2, 35.1 19.5, 25.4, 35.1

Living Alone 103 (39.9) 46 (30.5) 149 (36.4)
situation † With partner 115 (44.6) 95 (62.9) 210 (51.3)

With children 12 (4.7) 3 (2.0) 15 (3.7)
With partner & 28 (10.9) 5 (3.3) 33 (8.1)
children
Unknown 0 (0.0) 2 (1.3) 2 (0.5)

Profession † Working 53 (20.5) 36 (23.8) 89 (21.8)
House wife 20 (7.8) 1 (0.7) 21 (5.1)
Retired 131 (50.8) 106 (70.2) 237 (57.9)
Disabled 53 (20.5) 8 (5.3) 61 (14.9)
Unemployed 1 (0.4) 0 (0.0) 1 (0.2)

Highest Primary school 56 (21.7) 21 (13.9) 77 (18.8)
education † Secondary school 114 (44.2) 105 (69.5) 219 (53.5)

Intermediate 53 (20.5) 15 (9.9) 68 (16.6)
vocational
Higher vocational/ 34 (13.2) 6 (4.0) 40 (9.8)
university
Unknown 1 (0.4) 4 (2.6) 5 (1.2)

Diagnosis of <1 year 23 (8.9) 29 (19.2) 52 (12.7)
COPD since † 1-5 years 102 (39.5) 45 (29.8) 147 (35.9)

5-10 years 48 (18.6) 27 (17.9) 75 (18.3)
>10 years 63 (24.4) 42 (27.8) 105 (25.7)
Unknown 22 (8.5) 8 (5.3) 30 (7.3)

Pack years p5, p50, p95 1, 37, 82 0, 45, 110 1, 40, 90

Smoking Non smoker 10 (3.9) 9 (6.0) 19 (4.6)
Habits † Former smoker 136 (52.7) 87 (57.6) 223 (54.5)

Current smoker 103 (39.9) 53 (35.1) 156 (38.1)
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Table 3.1. Continued

Dutch cohort Swiss cohort Total cohort 
(n=258) (n=151) (n=409)

Cigarettes per day 3, 15, 40 3, 20, 50 3, 15, 40
p5, p50, p95
Passive smoker 11 (4.3) 28 (18.5) 39 (9.5)
Cigar smoker 8 (3.1) 4 (2.7) 12 (2.9)
Pipe smoker 4 (1.6) 6 (4.0) 10 (2.4)

Exacerbations 0 170 (65.9) 102 (67.5) 272 (66.5)
treated at 1-2 75 (29.1) 47 (31.1) 122 (29.8)
home † >2 13 (5.0) 1 (0.7) 14 (3.4)

Unknown 0 (0.0) 1 (0.7) 1 (0.2)

Exacerbations 0 246 (95.3) 137 (90.7) 383 (93.6)
treated in 1-2 11 (4.3) 12 (7.9) 23 (5.6)
hospital † >2 1 (0.4) 1 (0.7) 2 (0.5)

Unknown 1 (0.4) 1 (0.7) 1 (0.2)

MRC score p5, p50, p95 0, 2, 4 0, 1, 3 0, 1, 4
(Medical GOLD 2 0, 1, 4 0, 1, 2 0, 1, 4
Research GOLD 3 1, 4, 4 0, 1, 3 1, 2, 4
Council) † GOLD 4 1, 4, 4 1, 2, 3 1, 3, 4

0 37 (14.3) 34 (22.5) 71 (17.4)
1 77 (29.8) 78 (51.7) 155 (37.9)
2 16 (6.2) 25 (16.6) 41 (10.0)
3 28 (10.9) 14 (9.3) 42 (10.3)
4 100 (38.8) 0 (0.0) 100 (24.4)

Chronic Yes 121 (46.9) 79 (52.3) 200 (48.9)
cough † No 137 (53.1) 72 (47.7) 209 (51.1)

Chronic Yes 119 (46.1) 79 (52.3) 198 (48.4)
phlegm † No 138 (53.5) 70 (46.4) 208 (50.9)

Unknown 1 (0.4) 2 (1.3) 3 (0.7)

• †=n (%), n=absolute number, %=percentage, p5=5th centile, p50=median, p95=95th centile
• MRC score is divided in five categories; 0=breathless with strenuous exercise, 1=breathless
when hurrying or walking up a slight hill, 2=walks slower than other people of the same age
because of breathlessness or has to stop for breath when walking at own pace, 3=has to stop
for breath after walking 100 yards or after a few minutes, 4=too breathless to leave the house or
breathless while (un)dressing.

• Numbers in GOLD 2,3,4 stage are 173,63,22 for Dutch, 95, 40, 16 for Swiss and 268, 103, 38 for
total cohort.
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the Dutch cohort and 35 versus 58 for the Swiss cohort. 4% of the Dutch cohort
reported they had never smoked in their life versus 6% of the Swiss cohort. Around
33% has had one or more exacerbations in the previous year. The median MRC
score was 2 for the Dutch and 1 for the Swiss cohort. 39% of the Dutch cohort
had the maximum (worst) MRC score versus 0% of the Swiss cohort. We also
calculated the median, 5th and 95th centiles of MRC scores for each of the three
GOLD categories.

Figure 3.1 shows the frequencies of comorbidities and of their simultaneous pres-
ence. These Venn diagrams show comorbidities and multimorbidities for the
Dutch cohort, the Swiss cohort and the total cohort. The diagrams are next to
each other, the sharing of the cells is similar and the percentages in the cells rep-
resent the (overlap of) comorbidity, which makes it easy to compare the cohorts
with each other. Group A represents cardiovascular disease consisting of coro-
nary artery disease, chronic heart failure and cerebrovascular disease. Group B
represents diabetes mellitus. Group C represents musculoskeletal disease, main-
ly osteoarthritis and rheumatoid arthritis. Group D represents other comorbidi-
ties such as asthma, malignancies and infectious disease.

88% of the Dutch cohort used pulmonary drugs versus 76% of the Swiss cohort
with the highest percentages for inhaled corticosteroids and long-acting beta-ago-
nists (Table 3.2). 66% had at least one cardiovascular drug, usually anti-clotting,
and around 14% used antidiabetic drugs, usually oral antidiabetics. Around 40% in
both cohorts had non-drug interventions, mainly physical exercise. Around 8% in
the Dutch cohort and 10% in the Swiss cohort has had pulmonary rehabilitation.

In all CRQ domains Swiss patients had higher scores than Dutch patients (Table
3.3). HADS anxiety scores were quite similar whereas the HADS depression
scores indicated more symptoms of depression in the Dutch cohort as compared
to the Swiss cohort. As expected, for the CRQ dyspnoea domain patients in higher
GOLD categories had more dyspnoea. For the other CRQ domains, the Feeling
Thermometer and the HADS, the differences between patients in different
GOLD categories were small.

On both exercise capacity tests the Swiss cohort showed higher exercise capaci-
ty than the Dutch cohort (Table 3.4). For the sit-to-stand test, differences were
small between GOLD categories and we observed no difference between GOLD
categories for the hand grip test results. The median score on the ADO-index
was 4 for the Dutch cohort and 3 for the Swiss, meaning that the Dutch had a
higher risk of 3-year mortality than the Swiss, 9.8% (95% CI 6.8-13.9) versus
7.3% (95% CI 4.3-12.1). The median score on the DOSE-index was 2 for the
Dutch cohort and 1 for the Swiss cohort, suggesting that Swiss patients had a
better health status (as measured by the CCQ total score) than the Dutch.
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Table 3.2. Drug and non-drug interventions among 258 Dutch and 151 Swiss COPD-
patients enrolled in the ICE COLD ERIC prospective cohort study

Dutch Swiss Total
cohort cohort cohort
(n=258) (n=151) (n=409)

No drugs at all 6 (2.3) 6 (4.0) 12 (2.9)

Pulmonary drugs † 227 (88.0) 115 (76.2) 342 (83.6)
Ipratropium 40 (17.6) 12 (10.4) 52 (15.2)
Local steroids 162 (71.4) 74 (64.3) 236 (69.0)
Long-acting beta-agonists 167 (73.6) 76 (66.1) 243 (71.1)
Short acting beta-agonists 79 (34.8) 39 (33.9) 118 (34.5)
Tiotropium 110 (48.5) 45 (39.1) 155 (45.3)
Systemic steroids 11 (4.8) 10 (8.7) 21 (6.1)
Parasympaticolytics 2 (0.9) 1 (0.9) 3 (0.9)

Cardiovascular 171 (66.3) 101 (66.9) 272 (66.5)
drugs † Ace-inhibitors 78 (45.6) 37 (36.6) 115 (42.3)

Anti-clotting 93 (54.4) 65 (64.4) 158 (58.1)
Angiotensin-2-receptor
inhibitors 19 (11.1) 23 (22.8) 42 (15.4)
Beta-antagonists 57 (33.3) 37 (36.6) 94 (34.6)
Calcium-antagonists 34 (19.9) 19 (18.8) 53 (19.5)
Diuretics 76 (44.4) 48 (47.5) 124 (45.6)
Statins 86 (50.3) 34 (33.7) 120 (44.1)

Antidiabetic 38 (14.7) 20 (13.2) 58 (14.2)
drugs † Oral antidiabetics 25 (65.8) 11 (55.0) 36 (62.1)

Insulin 13 (34.2) 9 (45.0) 22 (37.9)

Analgesia † 38 (14.7) 30 (19.9) 68 (16.6)
NSAIDs 14 (36.8) 11 (36.7) 25 (36.8)
Other 21 (55.3) 14 (46.7) 35 (51.5)

Psychiatric 59 (22.9) 30 (19.9) 89 (21.8)
drugs † Antidepressives 25 (42.4) 17 (56.7) 42 (47.2)

Anxiolytics/Sedative/Sleep 42 (71.2) 15 (50.0) 57 (64.0)
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Table 3.2. Continued

Dutch Swiss Total
cohort cohort cohort
(n=258) (n=151) (n=409)

Other drugs † 163 (63.2) 73 (48.3) 236 (57.7)

Non-drug 100 (38.8) 60 (39.7) 160 (39.1)
therapies † Long-term oxygen treatment 7 (7.0) 5 (8.3) 12 (7.5)

Oxygen during exertion 2 (2.0) 1 (1.7) 3 (1.9)
Fitness training at home 15 (15.0) 37 (61.7) 52 (32.5)
Fitness training in a
programme 37 (37.0) 23 (38.3) 60 (37.5)
Lung volume reduction
surgery 0 (0.0) 2 (3.3) 2 (1.3)
Pulmonary rehabilitation
in the last year 1 (1.0) 6 (10.0) 7 (4.4)
Pulmonary rehabilitation
>1 year ago 7 (7.0) 0 (0.0) 7 (4.4)
Devices 61 (61.0) 2 (3.3) 63 (39.4)
Other 4 (4.0) 7 (11.7) 11 (6.9)

• †=n (%), n=absolute number, %=percentage
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Table 3.3. Patient-reported outcomes among 258 Dutch and 151 Swiss COPD-
patients enrolled in the ICE COLD ERIC prospective cohort study

Dutch Swiss Total
cohort cohort cohort
(n=258) (n=151) (n=409)

CRQ
• Dyspnoea p5, p50, p95 2.0, 4.5, 7.0 2.8, 5.0, 7.0 2.2, 4.8, 7.0
GOLD 2 2.2, 5.2, 7.0 3.2, 5.5, 7.0 2.5, 5.3, 7.0
GOLD 3 2.0, 3.7, 6.8 3.0, 4.4, 6.7 2.2, 4.0, 6.8
GOLD 4 1.0, 3.1, 7.0 2.2, 4.4, 6.4 1.0, 3.2, 7.0
• Fatigue p5, p50, p95 1.8, 4.1, 6.5 2.5, 5.3, 6.5 2.0, 4.5, 6.5
GOLD 2 1.8, 4.3, 6.5 2.5, 5.3, 6.5 2.0, 4.5, 6.5
GOLD 3 1.5, 4.0, 6.5 2.4, 4.8, 6.0 2.0, 4.3, 6.0
GOLD 4 1.5, 3.8, 5.8 2.5, 5.4, 6.5 1.5, 4.0, 6.3
• Emotional p5, p50, p95 2.7, 5.1, 6.9 3.0, 5.6, 6.7 2.7, 5.4, 6.7
GOLD 2 2.7, 5.1, 6.7 2.9, 5.6, 6.6 2.7, 5.4, 6.7
GOLD 3 3.1, 5.3, 6.9 3.5, 5.5, 6.5 3.3, 5.4, 6.9
GOLD 4 2.7, 5.1, 6.9 2.6, 5.8, 7.0 2.6, 5.5, 6.9
• Mastery p5, p50, p95 3.3, 5.6, 7.0 3.5, 6.0, 7.0 3.3, 5.8, 7.0
GOLD 2 3.0, 5.8, 7.0 3.5, 6.0, 7.0 3.3, 5.8, 7.0
GOLD 3 3.8, 5.5, 7.0 3.3, 5.6, 6.9 3.8, 5.5, 7.0
GOLD 4 3.3, 5.5, 6.8 2.8, 6.1, 7.0 3.0, 5.8, 7.0

HADS
• Depression p5, p50, p95 1, 5, 12 1, 4, 10 1, 5, 11
GOLD 2 1, 5, 11 0, 4, 10 0, 5, 11
GOLD 3 1, 5, 12 1, 4, 10 1, 4, 11
GOLD 4 2, 6, 12 1, 4, 11 1, 6, 12
Scores above 8 n (%) 58 (22.5) 13 (8.7) 71 (17.4)
• Anxiety p5, p50, p95 0, 4, 13 0, 3, 12 0, 4, 13
GOLD 2 0, 5, 14 0, 3, 12 0, 4, 13
GOLD 3 0, 4, 12 1, 3, 9 0, 3, 10
GOLD 4 0, 5, 13 0, 2, 15 0, 5, 14
Scores above 8 n (%) 52 (20.2) 13 (8.8) 65 (15.9)
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Table 3.3. Continued

Dutch Swiss Total
cohort cohort cohort
(n=258) (n=151) (n=409)

Self efficacy:
• Illness p5, p50, p95 2, 4, 5 2, 4, 5 2, 4, 5
GOLD 2 2, 4, 5 3, 4, 5 3, 4, 5
GOLD 3 2, 4, 5 1, 4, 5 2, 4, 5
GOLD 4 2, 4, 5 1, 5, 5 2, 4, 5
• Dyspnoea p5, p50, p95 1, 4, 5 2, 4, 5 1, 4, 5
GOLD 2 1, 4, 5 2, 4, 5 2, 4, 5
GOLD 3 2, 4, 5 1, 4, 5 2, 4, 5
GOLD 4 1, 3, 5 2, 4, 5 1, 3, 5
• Medication p5, p50, p95 2, 5, 5 1, 5, 5 1, 5, 5
GOLD 2 2, 5, 5 1, 4, 5 1, 5, 5
GOLD 3 4, 5, 5 1, 5, 5 2, 5, 5
GOLD 4 2, 5, 5 1, 5, 5 2, 5, 5

Feeling
Thermometer p5, p50, p95 45, 70, 95 40, 75, 95 45, 70, 95
GOLD 2 45, 70, 95 50, 75, 95 50, 70, 95
GOLD 3 50, 70, 80 40, 65, 85 50, 68, 85
GOLD 4 40, 60, 70 4, 63, 90 7, 60, 88

• p5=5th centile, p50=median, p95=95th centile
• CRQ=Chronic Respiratory Questionnaire, scale 1 (worst) to 7 (best)
• HADS=Hospital Anxiety and Depression Scale, score >8 means anxiety/depression
likely

• Self efficacy questions on a scale of 1 (worst) to 5 (best)
• Feeling thermometer on a scale of 0 (very bad health) to 100 (very good health)
• Numbers in GOLD 2,3,4 stage are 173,63,22 for Dutch 95, 40, 16 for Swiss and 268, 103,
38 for total cohort.
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Table 3.4. Exercise capacity and ADO-index among 258 Dutch and 151 Swiss
COPD-patients enrolled in the ICE COLD ERIC prospective cohort study

Dutch Swiss Total
cohort cohort cohort
(n=258) (n=151) (n=409)

Sit to stand test
(x/min) p5, p50, p95 0, 14, 24 11, 22, 40 0, 17, 35
GOLD 2 0, 15, 25 12, 23, 40 0, 18, 35
GOLD 3 0, 15, 23 0, 20, 42 0, 17, 39
GOLD 4 0, 10, 17 13, 18, 30 0, 13, 26

Hand grip test

-Right hand (kg) p5, p50, p95 16, 30, 52 20, 40, 58 18, 32, 56
GOLD 2 15, 30, 54 18, 40, 58 17, 32, 56
GOLD 3 18, 32, 49 21, 40, 66 18, 34, 56
GOLD 4 16, 30, 50 20, 41, 54 16, 36, 53

-Left hand (kg) p5, p50, p95 12, 28, 50 20, 36, 54 14, 32, 52
GOLD 2 12, 28, 50 20, 36, 56 14, 32, 52
GOLD 3 14, 30, 50 18, 35, 54 16, 32, 53
GOLD 4 14, 27, 48 16, 37, 50 14, 29, 50

ADO-index p5, p50, p95 1, 4, 8 1, 3, 6 1, 4, 7

DOSE-index p5, p50, p95 0, 2, 6 0, 1, 4 0, 1, 5

• p5=5th centile, p50=median, p95=95th centile
• ADO index is an estimation of 3-year risk of mortality; score 5 indicates a 3-year risk of
mortality of 16.3%, score 3 a 3-year risk of mortality of 11.5% and score 4 a 3-year risk of
mortality of 13.7%.

• DOSE index is an estimation of health status as measured by the CCQ total score
• Numbers in GOLD 2,3,4 stage  are 173,63,22 for Dutch, 95, 40, 16 for Swiss and 268,
103, 38 for total cohort
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Table 3.5. Lung function among 258 Dutch and 151 Swiss COPD-patients enrolled in the ICE
COLD ERIC prospective cohort study

Dutch Swiss Total
cohort cohort cohort
(n=258) (n=151) (n=409)

FEV1 (l) p5, p50, p95 0.63, 1.45, 2.56 0.63, 1.50, 2.47 0.63, 1.45, 2.56

FEV1, % of predicted p5, p50, p95 25, 59, 77 24, 59, 79 25, 59, 78

FVC (l) p5, p50, p95 1.64, 2.84, 4.60 1.43, 2.84, 4.42 1.56, 2.84, 4.48

FVC, % of predicted p5, p50, p95 57, 90, 118 53, 84, 117 55, 89, 118

FEV1/FVC p5, p50, p95 0.28, 0.52, 0.67 0.31, 0.57, 0.70 0.30, 0.53, 0.68

Inspiratory capacity p5, p50, p95 0.95, 2.14, 3.68 1.32, 2.39, 3.63 1.12, 2.23, 3.66

Quality of measurement † A 160 (62.0) 58 (38.4) 218 (53.3)
B 64 (24.8) 22 (14.6) 86 (21.0)
C 34 (13.2) 36 (23.8) 70 (17.1)
D 0 (0.0) 34 (22.5) 34 (8.3)

Less than D 0 (0.0) 1 (0.7) 1 (0.2)

GOLD 2 †
(50≤ FEV%<80) 173 (67.1) 95 (62.9) 268 (65.5)

GOLD 3 †
(30≤ FEV%<50) 63 (24.4) 40 (26.5) 103 (25.2)

GOLD 4 †
(FEV1%<30) 22 (8.5) 16 (10.6) 38 (9.3)

• †=n (%), n=absolute number, %=percentage
• p5=5th centile, p50=median, p95=95th centile
• FEV1=Forced expiratory volume in 1 second, FVC=forced vital capacity, GOLD=Global Initiative for
Obstructive Lung Disease

53

Characteristics of Dutch and Swiss primary care COPD patients

• Boekje Lara_Pro-Press_Basis Boekje  11-07-14  12:32  Page 53

        



Table 3.6. Laboratory results among 258 Dutch and 151 Swiss COPD-patients
enrolled in the ICE COLD ERIC prospective cohort study

Dutch Swiss Total
cohort cohort cohort
(n=258) (n=151) (n=409)

Creatinin (µmol/l) † 48, 72, 120 63, 88, 142 50, 77, 132

Bilirubin (µmol/l) † 4, 8, 14 4, 8, 21 4, 8, 16

ALAT (U/l) † 11, 21, 56 12, 24, 52 12, 22, 52

Total cholesterol (mmol/l) † 3.4, 5.3, 7.5 3.9, 5.8, 7.9 3.5, 5.5, 7.7

HDL cholesterol (mmol/l) † 0.9, 1.5, 2.3 0.9, 1.5, 2.4 0.9, 1.5, 2.3

LDL cholesterol (mmol/l) † 1.5, 3.1, 5.0 1.3, 3.3, 5.3 1.5, 3.2, 5.1

Triglycerides (mmol/l) † 0.6, 1.3, 3.2 0.7, 1.7, 4.2 0.6, 1.4, 3.8

CRP (mg/l) † 1.0, 3.6, 22.6 0.4, 2.6, 21.7 0.8, 3.3, 22.2

COHb (%)† 2.1, 3.5, 9.1 0.0, 1.6, 6.2 0.0, 2.9, 8.4

Leucocytes (10E9/l) † 5.1, 7.7, 12.6 5.0, 8.1, 12.7 5.1, 7.8, 12.6

• †=p5(5th centile), p50 (median) and p95(95th centile)
• ALAT=alanine aminotransferase, HDL=high density lipoprotein, LDL=low density lipo-
protein, CRP=C-reactive protein, COHb=carboxyhemoglobin

• Reference values: creatinin � 75-110 � 65-95, bilirubin <17, ALAT <45, total chol � 3,9-
6,5 � 3,7-6,5, HDL chol >1,1, LDL chol <4,5, triglycerides 0,5-2, CRP <5, COHb non-
smokers <2%, smokers <5%, toxic >15%, leukocytes 4-10,5.

The median values of FEV1 % of predicted were 59 and of FEV1/FVC ratio 0.52
and 0.57 for the Dutch and the Swiss cohort respectively (Table 3.5). The per-
centage of A-quality (best) for the lung function measurement was 62% for the
Dutch  and 38% for the Swiss cohort. The GOLD classification was as follows: in
the Dutch cohort 67% was classified as GOLD stage 2, 24% as GOLD stage 3 and
9% as GOLD stage 4. In the Swiss cohort 63% was classified as GOLD stage 2,
27% as GOLD stage 3 and 11% as GOLD stage 4.

Laboratory results are shown in Table 3.6.
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Discussion

The analysis of our cohorts indicates that the impact of COPD was quite different
in the Dutch and the Swiss cohort although lung function and the prevalences
of co- and multimorbidity were quite similar. Swiss patients reported higher
scores on all CRQ domains than Dutch patients and for all domains these differ-
ences were 0.5 or higher (minimal important difference = 0.5), 14 indicating that
the Swiss patients reported better COPD-specific health-related quality of life.
On classifying patients according to GOLD category, these differences became
even larger. This is also reflected in MRC scores where Dutch patients reported
more dyspnoea than Swiss patients. On both exercise tests, the Swiss patients
showed higher exercise capacity than the Dutch patients. And, the Swiss cohort
had a lower 3-year risk of mortality than the Dutch cohort, 7.3% versus 9.8%

Approximately 50% of all patients received their COPD-diagnosis less than 5 years
ago. Of these, 9% of the Dutch patients and 19% of the Swiss had their COPD-
diagnosis for less than 1 year and were probably diagnosed as a result of their
participation in our study. The fact that more Swiss patients were diagnosed
within our study may be explained by differences in the identification and
recruitment process between Switzerland and the Netherlands 10. In Switzerland,
GPs whom we know to have an active interest in research activities were involved
and, through them, more GPs potentially willing to participate were identified
(snowballing approach). Participating GPs identified potentially eligible patients
through electronic or paper-based patient charts, for electronic patient charts GPs
searched with the key terms “copd”, “chronic bronchitis”, “emphysema”, “asthma”
and a combination of “smoking”, “≥ 40 years of age” and “male” to identify
patients with COPD. Paper-based patient charts were screened by hand. Poten-
tially eligible patients were informed about the study and invited by telephone for
eligibility testing. In the Netherlands, COPD patients were identified from prima-
ry health care centres registered in the GP research network of the Department of
General Practice of the University of Amsterdam in Almere and Amsterdam.
These patients received study information and an invitation letter from their GP.
Patients who were not interested to participate or who did not permit us to tele-
phone them returned a reply card indicating so. By telephone, study personnel
invited for eligibility testing all patients who did not respond via the reply card.

In terms of the lung function measurement that we performed at study entry the
quality was better in the Netherlands than in Switzerland despite identical
devices and a single protocol. It looks as if the number of measurement repeti-
tions was lower in Switzerland thereby lowering the probability that three or
more measurements were of high enough quality for an A or B rating to occur.
Site investigators in Switzerland generally stopped repeating the measurements
when a diagnosis of COPD was confirmed whereas in the Netherlands, the
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investigators aimed for quality grades A or B by having more repeated measure-
ments to obtain a more reliable measurement. We are currently investigating
potential differences in measurement error by analysing the exact measurement
variability between the countries using the Intra Class Correlations instead of
the ABCD ratings.

With regard to representativeness, we have compared some basic characteristics
(sex, age, pack years, FEV1% of predicted and GOLD-classification) of the ICE
COLD ERIC cohort with two other COPD cohorts from the literature (ECLIPSE
[Evaluation of COPD Longitudinally to Identify Predictive Surrogate Endpoints]
and INSPIRE [Investigating New Standards for Prophylaxis In Reducing Exacer-
bations] 22,23. No differences were seen in age and pack years. In both the ECLPISE
cohort and the INSPIRE cohort, the percentage of males was larger (65% and 80%,
respectively), the FEV1% of predicted was lower (48% and 39%, respectively) and
the prevalence of GOLD 3 (42% and 82%, respectively) and GOLD 4 (14% and 15%,
respectively) was higher. Overall, the ECLIPSE and INSPIRE study included more
severe COPD patients than the ICE COLD ERIC study, which can be explained by
differences in setting and inclusion criteria 22,23. The ICE COLD ERIC cohort is a
representative cohort for COPD patients in primary care and may be used for pur-
poses of worldwide collaboration on primary care data on COPD 24.

A strength of the ICE COLD ERIC study is that it is an international prospective
study with two cohorts from different countries linked by a single study proto-
col. Another strength of the study is that our cohorts were recruited in primary
care and that our data collection is elaborate, especially with regard to comor-
bidity and drug use. Although the majority of COPD patients are completely
managed in primary care, many previous cohorts were recruited in hospital set-
tings or COPD clinics, which may reflect a COPD population with different
characteristics. Also, comorbidities are often not properly reported in cohort
studies. Patients from primary care represent a wide range of COPD disease
severity and may have several coexisting diseases, which is also reflected in mul-
tifaceted therapies. The ICE COLD ERIC study cohorts will have an important
contribution to (prognostic) research on COPD and characterizing COPD-
patients. The latter may be clinically important not only for its prognostic value
but also for its therapeutic value, for a better understanding of the pathophysi-
ology of COPD and for genetic research in COPD. For example, responses to
therapies such as the use of long-term oxygen or lung volume reduction surgery
may differ between different (sub)types of patients 25-28.

The rich variability within the ICE COLD ERIC cohorts offer many opportuni-
ties to learn more about the clinical course of COPD in a primary care popula-
tion that represents the vast majority of COPD patients. The main purpose of
the study is development and validation of practical prognostic COPD disease
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risk indices. Important risk predictors will be identified for dimensions of health-
related quality of life, exacerbation risk and mortality. For example, health-
related quality of life was measured by the CRQ, which provides scores for four
different domains. According to the score per domain, physicians may select treat-
ment options for individual patients to improve their (domain-specific) health-
related quality of life. Treatment decisions should be based on the needs of the
individual patient, probably resulting in fewer unnecessary treatment prescrip-
tions (for example the widely prescribed inhaled corticosteroids in patients with
mild/moderate disease), fewer exacerbations and a better COPD-specific health-
related quality of life. COPD management may also become more cost-effective
by tailoring treatment decisions better to the needs of the individual patient.

In a second step we will incorporate evidence-based treatment effects mainly from
randomized trials and meta-analyses, such that the instrument may guide physi-
cians in selecting treatment based on the individual patients’ prognoses. Ways
to incorporate treatment advices into the prediction indices may be challenging
and are currently being explored by our team. For example, a mortality risk of
30% for a COPD patient may be reduced to 24% by a certain treatment if the rel-
ative risk reduction is 0.8. The absolute risk reduction is 6%. For another COPD
patient with a mortality risk of 3%, that same treatment with a relative risk
reduction of 0.8 will reduce the mortality risk to 2.4%, an absolute risk reduc-
tion of 0.6%. Adding costs considerations may lead to a recommendation to
treat the former and not the latter patient. This is an example of risk-stratified
treatment choices.

In summary, COPD patients in ICE COLD ERIC represent a wide range of disease
severity and the prevalence of multimorbidity is high. Our data show that the
impact of COPD can be substantially different across patients even if lung func-
tion and the prevalence of comorbidities are quite similar. The rich variation in
these prospective cohorts offers good opportunities to learn more about the clin-
ical course of COPD in a primary care population representing the vast majority
of COPD patients.
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Abstract
Background

Health-related quality of life (HRQL) is an important patient-reported outcome
for COPD.

Aims

We developed models predicting Chronic Respiratory Questionnaire (CRQ) dysp-
noea, fatigue, emotional function, mastery and overall HRQL at 6 and 24 months
using predictors easily available in primary care.

Methods

We used the “least absolute shrinkage and selection operator” (lasso) method to
build the models and assessed their predictive performance. Results were dis-
played using nomograms.

Results

For each domain-specific CRQ outcome, the corresponding score at baseline was
the best predictor. Depending on the domain, these predictions could be improved
by adding one to six other predictors, such as the other domain-specific CRQ
scores, health status and depression score. To predict overall HRQL, fatigue and
dyspnoea scores were the best predictors. Predicted and observed values were
on average the same, indicating good calibration. Explained variance ranged
from 0.23 to 0.58, indicating good discrimination.

Conclusions

To predict COPD-specific HRQL in primary care COPD patients, previous HRQL was
the best predictor in our models. Asking patients explicitly about dyspnoea,
fatigue, depression and how they cope with COPD provides additional important
information about future HRQL while FEV1 or other commonly used predictors
add little to the prediction of HRQL.
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Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a systemic disease with great
impact on patients’ lives 1;2. The majority of COPD patients are treated in pri-
mary care and are usually seen by their general practitioner (GP) at regular inter-
vals. From a patient’s perspective, one of the most important outcomes is health-
related quality of life (HRQL) 3. To support management and shared decision-
making on lifestyle changes and treatment in COPD patients in primary care, it
would be useful to predict (changes in) their future course of HRQL based on
current characteristics.

Prediction models can serve different purposes. For management of COPD, one
important purpose is to inform patients about the future course of their disease and
assist physicians and patients with treatment decisions. In addition, these models
can support selection of the required patient spectrum for scientific research on
COPD 4 and efficient subgroup analyses in randomized trials 5. On average, predic-
tion using formal prediction models has been shown to be at least as accurate,
more consistent and less expensive than prediction by experienced clinicians 6.

The majority of prediction models developed for COPD patients predict morta-
lity 7-18, although resource utilization 19, health status 20, hospitalization 7;16;19

and exacerbations 7;21;22 have also been used as outcomes. Although HRQL is
arguably the most relevant outcome from a patient’s perspective, so far the
Health-Activity-Dyspnoea-Obstruction (HADO) score seems to be the only exist-
ing score that predicts HRQL 10. Specifically, the HADO index was developed for
classifying severity of COPD. It predicts HRQL, as measured by several ques-
tionnaires (the SF-36 Health Survey, the St George Respiratory questionnaire
and the Chronic Respiratory Questionnaire), and 3-year mortality using infor-
mation on dyspnoea, overall health and physical activity. The HADO score was
derived in men, discriminated only moderately between patients with different
levels of HRQL, as measured by the Chronic Respiratory Questionnaire
(R²=0.21) and it did not correct for overoptism 10.

We describe here the development of prediction models for domain-specific and
overall HRQL in primary care COPD patients. We have taken into account that
deteriorations in, for example, the dyspnoea domain may trigger consideration
of different therapeutic actions than similar deteriorations in, for example, the
emotional domain. We use nomograms to visualize the impact of the different
predictors on all outcomes: dyspnoea, fatigue, emotional function, mastery and
overall HRQL at 6 and 24 months.
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Table 4.1. Candidate predictors and their characteristics

Candidate predictors Coding p5, p50, Number of
p95 missings out

of 409 (%)

Sex 1=male, 2=female 57 0 (0)

Age continuous (years) 52, 67, 83 0 (0)

Body Mass Index (BMI) continuous (kg/m2) 19, 25, 35 0 (0)

Living situation † 1=single, 36 2 (0.5)
2=partner/children

Smoking status * 1=smoker, 41, 54, 5 1 (0.2)
2=former smoker,
3=never smoker

Cough † 0=no, 1=yes 49 0 (0)

Phlegm † 0=no, 1=yes 48 3 (0.7)

Exacerbations

• At home count 0, 0, 1 0 (0)
• In hospital count 0, 0, 0 0 (0)

Medication †

• Anxiolytics 0=no, 1=yes 14 0 (0)
• Antidepressives 0=no, 1=yes 11 0 (0)
• Cardiovascular 0=no, 1=yes 65 0 (0)
• Pulmonary 0=no, 1=yes 82 0 (0)
*Long-acting beta-agonists 0=no, 1=yes 59 0 (0)
*Inhaled corticosteroids 0=no, 1=yes 60 0 (0)

Vaccination †

• Influenza 0=no, 1=yes 78 1 (0.2)
• Pneumococcal 0=no, 1=yes 7 1 (0.2)

Physical activity as therapy † 0=no, 1=yes 24 0 (0)

Comorbidity †

• Cardiovascular 0=no, 1=yes 20 0 (0)
• Neurological 0=no, 1=yes 9 0 (0)
• Renal 0=no, 1=yes 19 0 (0)
• Diabetes mellitus 0=no, 1=yes 15 0 (0)
• Musculoskeletal 0=no, 1=yes 29 0 (0)
• Psychiatric 0=no, 1=yes 19 0 (0)
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Table 4.1. Continued

Candidate predictors Coding p5, p50, Number of
p95 missings out

of 409 (%)

Lung function (FEV1 % of predicted) continuous (%) 25, 59, 78 0 (0.0)

Feeling thermometer continuous (0-100) 45, 70, 95 1 (0.2)

HRQL: 4 CRQ domains continuous (1-7)
• Dyspnoea 2.2, 4.8, 7.0 0 (0)
• Fatigue 2.0, 4.5, 6.5 0 (0)
• Emotional function 2.7, 5.4, 6.7 0 (0)
• Mastery 3.3, 5.8, 7.0 0 (0)

Depression score (HADS) continuous (0-21) 1, 5, 11 0 (0)

Physical activity score (LAPAQ) continuous (0-7) 1, 4, 6 0 (0)

Self efficacy, 3 questions continuous (1-5)
SEI 1 (illness-related) 2, 4, 5 1 (0.2)
SEI 2 (dyspnoea-related) 1, 4, 5 2 (0.5)
SEI 3 (medication-related 1, 5, 5 30 (7.3)

Hand grip test, best of 6 attempts continuous (kg) 18, 34, 56 0 (0)

Sit to stand test count (repetitions/min) 0, 17, 37 0 (0)

FEV1=Forced Expiratory Volume in one second, HRQL=Health-related Quality of Life, CRQ=Chronic
Respiratory Questionnaire, HADS= Hospital Anxiety and Depression Scale, LAPAQ=LASA (Longitudinal
Ageing Study Amsterdam) Physical Activity Questionnaire, p5=5th centile, p50=median, p95=95th centile,
† for binary variables
* for this categorical variable, the numbers in the third column are the percentages of patients with code 1, 2
etc., for example 41% is a smoker, 57% is male and 49% has a cough

65

Prediction of COPD-specific health-related quality of life in primary care COPD patients

Methods
Study design and population characteristics

Our analyses were based on the international prospective cohort study (Interna-
tional Collaborative Effort on Chronic Obstructive Lung Disease: Exacerbation
Risk Index Cohorts (ICE COLD ERIC)) with 409 primary care COPD patients
from Switzerland and the Netherlands. Details of the study design and the base-
line characteristics of the patients were published previously 23-26. Briefly, 409
COPD patients from primary care were included in 2008/2009. 66%, 25% and 9% 
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Figure 4.1. Explained variance of the prediction models at 6 and 24 months for the
four CRQ domains and the overall CRQ score

were in GOLD stages II, III and IV, respectively; 41%, 21%, 15% and 23% in GOLD
stages A-D, respectively. The study is ongoing and will be completed in 2014
after five years of follow-up. Patients are followed biannually through telephone
interviews and live visits at baseline and after 2 and 4 years of follow-up. The
analyses reported here are based on the two-year follow-up data. The study has
been approved of by all local medical ethics committees (Academic Medical
Centre, University of Amsterdam, the Netherlands, Kanton of Zurich, Switzer-
land and Kanton of St. Gallen, Switzerland) and all patients provided written
informed consent.

Outcome

The outcome was COPD-specific HRQL at 6 and 24 months as measured by the
self-administered Chronic Respiratory Questionnaire (CRQ) 27;28. The CRQ con-
sists of 20 questions providing a total score and four domain-specific summary
scores for dyspnoea, fatigue, emotional function and mastery, all on 7-point
scales, where 1 indicates the worst and 7 the best possible score.
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Figure 4.2. Calibration curve for the dyspnoea model at 6 months

x-axis= predicted CRQ score, y-axis=observed CRQ score (scores range from 1 (worst) to 7
(best)) 

------- diagonal, x=y, perfect prediction
- - - regression line, note that predicted score>observed score up to a predicted score of

4.5, and predicted score<observed score for values above 4.5
...... +/- 0.5 (minimal important difference)
■ deciles, note that all deciles remained within the 0.5 range, meaning that the aver-

age per decile is within the limits of the minimal important difference
Grey numbers: all predicted values per decile
Note that CRQ dyspnoea scores are relatively high, which is expected in this primary care
cohort

Candidate predictors

We used data collected at baseline to develop the prediction models. All candi-
date predictors were specifically selected on the basis of their likely predictive-
ness and practicality in primary care. Details of the candidate predictors and the
data at baseline were published previously 23;24. Table 4.1 summarizes all candi-
date predictors.
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Figure 4.3. Nomogram for CRQ dyspnoea outcome at 6 months
FEV1=Forced Expiratory Volume in one second, FT=Feeling Thermometer, CRQ=Chronic
Respiratory Questionnaire

Nomograms

We simplified the potential application of the prediction models by creating nomo-
grams. For reasons of readability and practicality, some predictors that were ini-
tially retained by the lasso procedure (see below) were dropped from the nomo-
grams since they turned out to be weak predictors. We defined “weak” as an
effect of <5 on the upper points scale (see nomogram in figure 4.3), which corre-
sponds to a change of less than 0.1 on the HRQL outcome scale, clearly less than
the minimal important difference of 0.5 29.

Missing data

Missing data were multiply imputed (ten times) via chained equations (mice
package in R version 2.15.2) 30. Only patients who were alive at 6 or 24 months
were considered.

Statistical analysis

Predictor selection and model fitting were based on penalized linear regression
using the “least absolute shrinkage and selection operator” (lasso) 31. The lasso
allows for automatic variable selection based on predictive value (see appendix 
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Table 4.2. CRQ-scores (p5, p50 p95) at baseline, 6 and 24 months

CRQ score: p5, p50, p95 Baseline 6 months 24 months

Dyspnoea 2.2, 4.8, 7.0 2.0, 4.6, 7.0 2.3, 4.6, 7.0
Fatigue 2.0, 4.5, 6.5 2.3, 4.5, 6.5 1.8, 4.5, 6.3
Emotional function 2.7, 5.4, 6.7 2.9, 5.3, 6.7 2.7, 5.3, 6.7
Mastery 3.3, 5.8, 7.0 3.0, 5.5, 7.0 3.3, 5.5, 7.0

All scales from 1 (worst) to 7 (best), CRQ=Chronic Respiratory Questionnaire
p5=5th centile, p50=median, p95=95th centile 

for details). Calibration of the final model was assessed by comparing the means
of predicted values against the means of observed outcomes by deciles of pre-
dicted values. Model discrimination was expressed as explained variance (EV).
Explained variance expresses increase in predictive performance relative to a
model that does not include any predictor. For the measure of predictive value
that we used, EV is the same as r-squared (R²). Calibration and discrimination
performance were corrected for overoptimism using bootstrap resampling 32. No
confidence intervals are given, because there are currently no validated methods
to calculate them when bootstrap-based correction for overoptimism is used.
Analyses were done using Stata (version 10.1), the R statistical computing envi-
ronment (version 2.15.2) and the caret and glmnet packages in R. See Appendix
for more elaborate statistical information.

Results

Table 4.2 shows mean domain-specific CRQ scores and 5th and 95th centiles at
baseline and at 6 and 24 months. Table 4.3 shows selected predictors and their
regression coefficients for all prediction models. For all CRQ outcomes, the best
predictor was that particular CRQ score at baseline (regression coefficients 0.66,
0.63, 0.56 and 0.43 for dyspnoea, fatigue, emotional function and mastery
respectively). For each CRQ outcome some additional predictors were selected,
such as the feeling thermometer for dyspnoea and the HADS depression score
for fatigue. See  Appendix Table 4.1 for all regressions formulas.

Discrimination performance of the models

Figure 4.1 shows the explained variances (EV) for all outcomes (4 domains and
overall HRQL) for 6 and 24 months. EV scores ranged from 0.23 to 0.58 and were
higher for 6-months than for 24-months prediction. The mastery domain had
the lowest values. See Appendix Table 4.2 for all EV.
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Table 4.3. Selected predictors and their regression coefficients

Selected predictors Scale 6 months 24 months

CRQ dyspnoea

CRQ dyspnoea 1-7 0.6644 0.6559
CRQ fatigue 1-7 0.0759
Lung function (FEV1 % of predicted) continuous 0.0046
Feeling Thermometer 0-100 0.0042 0.0008
Pulmonary medication dichotomous -0.0115

CRQ fatigue

CRQ fatigue 1-7 0.6299 0.5212
HADS depression score 0-21 -0.0270 -0.0241
CRQ emotional 1-7 0.0115
CRQ dyspnoea 1-7 0.0039 0.1057
Feeling Thermometer 0-100 0.0008
Country dichotomous 0.0472

CRQ emotional function

CRQ emotional function 1-7 0.5593 0.6105
HADS depression score 0-21 -0.0569 -0.0136
CRQ dyspnoea 1-7 0.0498
CRQ fatigue 1-7 0.0439 0.0049
Self-efficacy 2 † 1-5 0.0098

CRQ mastery

CRQ mastery 1-7 0.4284 0.3692
CRQ fatigue 1-7 0.0939 0.0156
CRQ dyspnoea 1-7 0.0605 0.0545
HADS depression score 0-21 -0.0165 -0.0082
Self-efficacy 2 † 1-5 0.0350
CRQ emotional 1-7 0.1045

CRQ total score

CRQ fatigue 1-7 0.2444 0.1664
CRQ dyspnoea 1-7 0.2397 0.2553
HADS depression score 0-21 -0.0364 -0.0221
CRQ mastery 1-7 0.0264
Self-efficacy 2 † 1-5 0.0388
CRQ emotional function 1-7 0.1187 0.1772
Physical activity score (LAPAQ) 0-7 0.0184

†Self-efficacy 2 pertained to the following question: “How confident were you during the
past two weeks that you were in control of your breathlessness, so the breathlessness did
not hold you back from the things you wanted to do?”
CRQ=Chronic Respiratory Questionnaire, FEV1=Forced Expiratory Volume in one second,
HADS= Hospital Anxiety and Depression Scale, LAPAQ= LASA (Longitudinal Ageing
Study Amsterdam) Physical Activity Questionnaire
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Figure 4.4. Example of using the nomogram
From each predictor scale, draw a vertical line up through the points scale (upper scale) and
sum all points, Next, fill in the sum value in the total points scale, draw a vertical line through
the outcome variable (here dyspnoea at 6 months) and read off the predicted outcome

Calibration performance of the models

Figure 4.2 visually displays calibration for the dyspnoea outcome. The other models
were similar (see Appendix Figure 4.1). For at least 90% of the deciles the predict-
ed CRQ values did not differ from those observed by more than 0.5, the minimal
important difference 29. Note that CRQ dyspnoea scores were relatively high,
which is to be expected in this primary care cohort.

Nomograms

Figure 4.3 shows the nomogram to predict dyspnoea at 6 months. Figure 4.4 illus-
trates how the nomogram should be used and read off. See Appendix Figures 4.3-
4.11 for the nomograms for the other outcomes. All predictors can be read from
these nomograms, as well as their contribution to the prediction.
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Discussion
Main findings

We found that COPD-specific HRQL after 6 and 24 months in primary care COPD
patients could be reasonably well predicted by the corresponding domain-specific
score at baseline. As expected, 6-months predictions turned out to be better
than 24-months predictions and dyspnoea, fatigue and emotional function were
easier to predict than mastery. These models could be improved by adding
between one to six other predictors to the strongest predictor, such as the HADS,
the feeling thermometer and the other domain-specific CRQ scores. The predic-
tions were close to the average observed values and within limits demarcated by
the minimal important difference of 0.5 29. This indicates good calibration.
Explained variances (EV) were high and above 0.4 with the exception of mastery
whereas the HADO score from an earlier published model had an EV of 0.21.

Strengths and limitations of this study

Our study has some limitations. First, all candidate predictors were selected on
the basis of their likely predictiveness and practicality in primary care settings.
Therefore, some potentially important but more difficult to collect predictors
may have been omitted. Second, we used as candidate predictors three questions
for assessing self-efficacy, which were not formally validated. Third, as with all
prediction models based on current practice data, major changes in treatment
practice may decrease predictive value of the models. For example, if some new
and effective intervention will be developed and extensively used in COPD care,
our models could lose some predictive value. Fourth, we only modelled main
effects, no interactions. We cannot exclude that particular combinations of two
or more candidate predictors have additional predictive value over and above
that provided by the individual candidate predictors. Fifth, although we correct-
ed for overoptimism, the models were only validated internally, that is, within
the same data set. Therefore, the models may benefit from formal validation on
data from other patients (external validation).

We see the following strengths of our study. First, HRQL is one of the most im-
portant outcomes from a patient’s perspective and the primary outcome measure
of the ICE COLD ERIC cohort. The CRQ, which is a validated questionnaire
27;28, enabled us to exploit its four domains and develop domain-specific models
to assist (shared) decision making directed at clinically clearly demarcated out-
comes. Another practical advantage of the CRQ is that it is a patient-reported
outcome. Second, there were few missing data. With regard to outcome data at
24 months, only 19 out of 409 patients were lost to follow up (4.6%). With
regard to predictor data, from 8 candidate predictors <1% was missing and from
only one candidate predictor 7% was missing (see Table 4.1). The rest of the pre-
dictor data was complete. Multiple imputation was used for missing values.
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Third, in both countries the patients were recruited from primary care and all
candidate predictors were explicitly selected on the basis of their practicality in
primary care settings. Fourth, all questionnaires were validated except for the self-
efficacy questions. Fifth, for each country an adjudication committee of experi-
enced GPs and pulmonologists assessed the exacerbations. Sixth, practical nomo-
grams were developed facilitating the use of the models in everyday care. Finally,
the use of advanced statistical methods enabled us to correct for overoptimism and
increase the external validity of our models. The lasso method also reduced the size
of the models keeping them as practical as possible in busy practice.

Interpretation of findings in relation to previously published work

So far, only the HADO score has been developed to predict HRQL in COPD patients.
Unfortunately, the HADO score was derived in men, showed moderate discrimi-
nation (R²=0.21) for HRQL 10 and was not corrected for overoptimism.

Implications for future research, policy and practice

Our models can be used to inform patients about future HRQL. Since all predic-
tors are available in primary care, GPs can use the models to predict their patients’
courses in different domains of and in overall HRQL. All predictors in the mod-
els are medically plausible in their capacity to predict HRQL. A commonly used
predictor, such as FEV1, does not seem to be a strong predictor of HRQL.
Depending on the outcome per domain, GPs and patients can discuss and try to
prioritize different treatment actions. Suppose our models predict that, in the
next 6 months, a patient will clearly decline in the dyspnoea domain. It is known
that pulmonary rehabilitation has a beneficial effect on all domains of HRQL, and
on dyspnoea in particular 33;34. According to Lacasse, on average, pulmonary reha-
bilitation improves the CRQ dyspnoea score by more than 1 point, clearly exceed-
ing the minimal important difference of 0.5 35. Our models can be used in practice
to show patients their expected course on (different domains of their) HRQL and,
in case of marked decline in one or more domains, they may assist the physician
and patient to prioritize treatment decisions. In our example patient, one may
discuss with the patient the option of a pulmonary rehabilitation program to pre-
vent the expected decline in the dyspnoea domain.

Future studies should further validate our models in other populations with respect
to discrimination and calibration. Also, data from randomized trials and meta-
analyses can be incorporated or linked to our models in order to estimate how the
prediction of HRQL is likely to change when adding treatments such as smoking
cessation programs, pulmonary rehabilitation or specific drug treatments 36;37.
Finally, cost-effectiveness evaluation of prediction models for HRQL in COPD
should be performed to determine if it is worth the effort incorporating these
models into practice. After successful completion of these steps, our models can
support treatment selection based on the individual patient’s prognosis.
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Conclusions

To predict COPD-specific HRQL in primary care COPD patients, previous HRQL
is the best predictor. Asking patients explicitly about dyspnoea, fatigue, depres-
sion and coping with COPD provides additional important information about
future HRQL while FEV1 and some other commonly used predictors, such as
exercise capacity, add little to the prediction of HRQL.
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APPENDIX CHAPTER 4

Detailed statistical analysis

Missing data were multiply imputed (ten times) via chained equations (mice
package in R version 2.15.2) 30.The imputation model was adapted to the type of
outcome. Imputed outcome data (CRQ) were not used when constructing the
prediction model, but they were used in the model without predictors when the
explained variance was computed 32.
Predictor selection and model fitting were based on penalized linear regression
using the "least absolute shrinkage and selection operator" (lasso) 31. This proce-
dure maximizes a function that combines the likelihood of the data with a penal-
ty on the absolute value of the regression coefficients, such that parameter esti-
mates are shrunk towards zero. The amount of shrinkage is determined by the
size of the penalty parameter. With increasing value of the penalty parameter, the
amount of shrinkage increases and more parameter estimates become exactly zero.
The optimal penalty parameter was determined based on a bootstrap procedure in
the following way: the model was fitted based on the bootstrap sample (of the
same size as the original data set) and observed and predicted values were com-
pared for the individuals in the original data set. The optimal penalty was chosen
as the one that generated the smallest average mean squared error (MSE) over 100
bootstrap samples. We called the corresponding model the “best model”. MSE is
the sum of squared differences between observed and predicted values.
We also aimed at a more parsimonious model employing a larger penalty para-
meter such that the bootstrap based MSE was within 3% of the optimum (we
called this the “tolerance model”).
In all instances, the final model was based on the average of the parameter esti-
mates from the ten imputed data sets.
Predictive value of all models was assessed via calibration and discrimination 32.
For calibration, we compared predicted values and observed values, both by
computing mean observed value by deciles of the predicted values and by fitting
regression lines through the individual points. Discrimination of the models was
expressed as the explained variance based on the MSE. The explained variance is
the reduction in MSE as compared to a null model without predictors. It is the
same as the well-known r-squared value. All measures were assessed on the ten
imputed data sets and averaged. All calibration and discrimination outcomes
were corrected for overoptimism using bootstrap resampling. In every bootstrap
sample, a new model was built according to the procedure as described above.
An estimate of the optimism was computed as the decrease between perfor-
mance in the bootstrap sample and the performance in the original sample. This
optimism was averaged over the ten data sets and subtracted from the original
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explained variance to obtain an optimism-corrected performance measure 32.
Calibration and discrimination of the more parsimonious “tolerance model” was
compared with the “best model”. In the main text the “tolerance model” is shown.
See this appendix for the calibration curve of the “best model” (see Appendix Figure
4.2) for the 6 month dyspnoea outcome and the explained variances of the “best
models” for comparison with the “tolerance models” (see appendix Table 4.2). The
number of predictors was smaller in the “tolerance models”, which makes the
models more practical and suitable for use; still their predictive quality (discrimi-
nation and calibration) was almost as good. In the appendix we also show the cal-
ibration curves (see Appendix Figure 4.1) and nomograms (see Appendix Figures 3-11)
for all other outcomes based on the “tolerance model”.
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Appendix Table 4.1. Regression formulas

Regression formula

Dyspnoea 0.6251-0.0115*pulmonary medication+0.0046*FEV1%+
6 months 0.0042*FT+0.6644*CRQ dyspnoea+ 0.0759*CRQ fatigue

Dyspnoea 1.4013+0.0008*FT+0.6559*CRQ dyspnoea
24 months

Fatigue 1.6977+0.0008*FT-0.0270*HADS depression score +
6 months 0.0039*CRQ dyspnoea+0.6299*CRQ fatigue+0.0115*

CRQ emotional function

Fatigue 1.5786+0.0472*country-0.0241*HADS depression
24 months score+0.1057*CRQ dyspnoea+0.5212*CRQ fatigue

Emotional function 1.9899-0.0569*HADS depression score+0.0098*SEI
6 months question 2+0.0498*CRQ dyspnoea+0.0439*CRQ

fatigue+0.5593* CRQ emotional function

Emotional function 1.9395-0.0136*HADS depression score+0.0049*CRQ 
24 months fatigue+0.6105*CRQ emotional function

Mastery 2.2743-0.0165*HADS depression score+0.0350*SEI 
6 months question 2+0.0605*CRQ dyspnoea+0.0939*CRQ

fatigue+0.4284*CRQ mastery

Mastery 2.5463-0.0082*HADS depression score+0.0545*CRQ
24 months dyspnoea+0.0156*CRQ fatigue+0.3692*CRQ mas-

tery+0.1045*CRQ emotional function

HRQL 1.8802-0.0364*HADS depression score+0.0184*LAPAQ
6 months score+0.0388*SEI question 2+0.2397*CRQ dyspnoea

+0.2444*CRQ fatigue+0.0264*CRQ mastery+0.1187*
CRQ emotional function

HRQL 2.0769-0.0221*HADS depression score+0.2553*CRQ
24 months dyspnoea+0.1664*CRQ fatigue+0.1772*CRQ emotional

function

FEV1=Forced Expiratory Volume in one second, FT=Feeling Thermometer, CRQ=Chronic
Respiratory Questionnaire, HADS= Hospital Anxiety and Depression Scale, SEI=Self
Efficacy Instrument, HRQL=Health-related Quality of Life, LAPAQ= LASA (Longitudinal
Ageing Study Amsterdam) Physical Activity Questionnaire
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Appendix Table 4.2. Explained variances for tolerance and best models

Explained Variance Best model Tolerance model

Dyspnoea 6 months 0.55 0.52

Dyspnoea 24 months 0.48 0.46

Fatigue 6 months 0.54 0.52

Fatigue 24 months 0.47 0.41

Emotional function 6 months 0.56 0.55

Emotional function 24 months 0.46 0.43

Mastery 6 months 0.34 0.32

Mastery 24 months 0.27 0.23

Overall HRQL 6 months 0.60 0.58

Overall HRQL 24 months 0.49 0.47
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Appendix Figure 4.1. Calibration curves for other models
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Appendix Figure 4.2. Calibration curve for dyspnoea outcome 6 months for the
‘best’ model
x-axis= predicted CRQ score, y-axis=observed CRQ score (scores range from 1 (worst) to

7 (best))
------- diagonal, x=y, perfect prediction
- - - regression line
······ +/- 0.5 (minimal important difference)
■ deciles, note that all deciles remained within the 0.5 range, meaning that the aver-

age per decile is within the limits of the minimal important difference
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Appendix Figure 4.3. Nomogram for dyspnoea 24 months
FT=Feeling Thermometer, CRQ=Chronic Respiratory Questionnaire

Appendix Figure 4.4. Nomogram for fatigue 6 months
HADS=Hospital Anxiety and Depression Scale, CRQ=Chronic Respiratory Questionnaire
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Appendix Figure 4.5. Nomogram for fatigue 24 months
HADS=Hospital Anxiety and Depression Scale, CRQ=Chronic Respiratory Questionnaire

Appendix Figure 4.6. Nomogram for emotional function 6 months
HADS=Hospital Anxiety and Depression Scale, CRQ=Chronic Respiratory Questionnaire

86

APPENDIX CHAPTER 4

0

1 2 3 4 5 6 7

0 50 100 150 200

20 40 60 80 100

1 2 3 4 5 6 7

1 2 3 4 5 6 7

Points

0721 14
HADS depression

CRQ fatique

CRQ dyspnoea

Total Points

Fatique 24 months

0

0 50 100 200150

20 40 60 80 100

1 2 3 4 5 6 7

1 4 7

1 4 7

1 2 3 4 5 6 7

Points

09 6 3121521 18
HADS depression

CRQ fatique

CRQ emotional

CRQ dyspnoea

Total Points

Emotional 6 months

• Boekje Lara_Pro-Press_Basis Boekje  11-07-14  12:32  Page 86

        



Appendix Figure 4.7. Nomogram for emotional function 24 months
HADS=Hospital Anxiety and Depression Scale, CRQ=Chronic Respiratory Questionnaire

Appendix Figure 4.8. Nomogram for mastery 6 months
HADS=Hospital Anxiety and Depression Scale, CRQ=Chronic Respiratory Questionnaire
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Appendix Figure 4.9. Nomogram for mastery 24 months
HADS=Hospital Anxiety and Depression Scale, CRQ=Chronic Respiratory Questionnaire

Appendix Figure 4.10. Nomogram for total HRQL 6 months
HADS=Hospital Anxiety and Depression Scale, LAPAQ=LASA (longitudinal Ageing Study
Amsterdam) Physical Activity Questionnaire, CRQ=Chronic Respiratory Questionnaire
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Appendix Figure 4.11. Nomogram for total HRQL 24 months
HADS=Hospital Anxiety and Depression Scale, CRQ=Chronic Respiratory Questionnaire
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Abstract
Background

Physical activity (PA) is important for older adults to maintain their functional
ability. Assessing PA may be difficult. Few PA questionnaires have been com-
pared to activity monitors. We examined reproducibility and validity of the self-
administered LASA [Longitudinal Ageing Study Amsterdam] Physical Activity
Questionnaire (LAPAQ) against a triaxial accelerometer (ACTR) in older adults.

Methods

Participants wore the ACTR (Sensewear® Pro) continuously for two weeks. After
two (T=1) and four (T=2) weeks, participants completed LAPAQ. Since LAPAQ
asks back two weeks, ACTR and LAPAQ coincided at T1. T2 was used for repro-
ducibility of LAPAQ only. We calculated Pearson’s correlation coefficients (PCC)
to examine reproducibility and validity. For visualization, we used scatterplots
and Bland-Altman plots. With a Receiver Operating Characteristics (ROC) curve
we assessed how well LAPAQ identifies older adults whose activity level is
below/above official recommendations.

Results

89 persons were included. 48% were men, median age was 72 and median BMI
was 25. The two-week mean total duration of activity was 2,788 (ACTR, T=1),
2,439 (LAPAQ T=1) and 1,994 (LAPAQ T=2) minutes. As a reference, two full
weeks contain 20,160 minutes. Reproducibility of LAPAQ was moderate (PCC
0.68, 95%CI 0.55-0.80). The median difference between LAPAQ at T=1 and the
ACTR (LAPAQ minus ACTR) was -510 minutes and the PCC 0.25 (95%CI 0.07-
0.44). The area under the ROC curve was 0.73 (95%CI 0.59-0.86).

Conclusions

LAPAQ underestimates PA and seems unsuitable for exact measurement in older
adults. However, it may be used to determine if a person’s PA level is
below/above the recommended level.
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Background

Physical activity (PA) is important to maintain health and functional ability, espe-
cially in older adults. It may also be an important predictor for the course of
chronic diseases such as, for example, chronic obstructive pulmonary disease 1-3.
Several studies showed that lack of PA is a risk factor for the development of many
chronic diseases 4-6. Regular PA can play an important role in the prevention and
management of cardiovascular disease, hypertension, diabetes and other chronic
diseases 4. Warburton et al found that there is strong evidence that regular PA is
effective in the primary and secondary prevention of several chronic diseases and
premature death 7. The American College of Sports Medicine (ACSM) and The
American Heart Association (AHA) have PA guidelines. The basic ACSM and AHA
recommendations for people over 65 years of age are moderate exercise for at least
30 minutes a day, five days a week or vigorous exercise for at least 20 minutes a
day, three days a week in combination with strength training exercises 8.

However, the assessment of PA remains difficult, especially in older adults 9-11.
A number of questionnaires have been validated to assess PA in older adults
but all have several limitations. For example, the Zutphen Physical Activity
Questionnaire does not include household activities, one of the main activities
in older adults 12. The Modified Baecke Questionnaire for Older Adults does
not include walking and bicycling, common daily activities 13. The
International Physical Activity Questionnaire (IPAQ) includes walking and
bicycling for transportation purposes and household activities but has only
been validated among 18-65 year-old adults 14. The Longitudinal Ageing Study
Amsterdam Physical Activity Questionnaire (LAPAQ) was developed and vali-
dated keeping these limitations in mind but has, nevertheless, some limita-
tions itself 15. First, the questionnaire is interviewer-administered, which
requires training and substantial resources for its application in practice and
studies. A self-administered LAPAQ has been developed recently but has not
undergone a validation process yet. Second, the LAPAQ was compared with a
diary and pedometer as validation instruments. The diary, however, was not
validated. The pedometer, a device that counts the number of steps, does also
not represent an optimal way of measuring PA. Third, with regard to repro-
ducibility, the LAPAQ was administered twice, one year apart. One year is
probably too long to assess test-retest reliability because a person’s PA pattern
can change substantially in one year. Nevertheless, if LAPAQ turns out to have
good measurement properties, it would facilitate practical PA assessment in
older adults. Although, at face value, LAPAQ appears to be a promising tool to
measure PA, uncertainty about its measurement properties remains.

Therefore, we examined reproducibility and validity of the self-administered
LAPAQ, using a modern triaxial accelerometer as a validation instrument 16-19.
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Methods
Setting, participants and design

All persons ≥ 65 years from one primary health care centre registered in the research
network of the Department of General Practice of the University of Amsterdam
in the Netherlands were identified through the electronic patient charts by the
general practitioners (GP). Around 850 persons aged 65 years or older received
study information and a written invitation letter from their GP to participate in
the study. They were invited to return a reply card only if they were interested
to participate. We contacted by phone around 150 potential participants, who
had indicated their interest, and invited them for a first visit. For organizational
reasons, we could only include a maximum of 100 participants. Inclusion crite-
ria were Dutch language as native language and the ability to walk independent-
ly, with or without assistive devices. Exclusion criteria were dementia, psy-
chosis or other psychiatric comorbidities that may invalidate the assessment of
self-reported parameters such as the LAPAQ. These criteria were evaluated by
GPs before invitations were sent and checked by study personnel at the first vis-
it. During the first visit (T0) all potential participants received study informa-
tion and written informed consent was obtained. Patient characteristics such as
age, sex, body mass index (BMI; weight(kg)/height(m)2) and information about
comorbidities were collected and elaborate instructions for wearing the
accelerometer (ACTR) were given. Participants wore the ACTR (Sensewear®
Pro) continuously for two weeks. After two (T=1) and four (T=2) weeks, par-
ticipants completed LAPAQ. Since LAPAQ asks back two weeks, ACTR and
LAPAQ coincided at T1. T2 was used for reproducibility of LAPAQ only.
Appendix Figure 5.1 contains a flow chart of the study. The study was approved
of by the Medical Ethics Committee (MEC) of the Academic Medical Centre and
was funded by the Dutch Asthma Foundation.

LAPAQ

The LAPAQ contains 18 questions, covering the frequency and duration of six
activities during the previous two weeks: walking outside, bicycling, gardening,
light and heavy household activities and sports activities. The participants were
also asked if their physical activity pattern in the previous 2 weeks had been
representative for the rest of the year. Stel and colleagues validated the inter-
viewer administered LAPAQ and adjusted this original version to obtain a less
time-consuming and more practical self-administered version 15. First, some sen-
tences were reformulated to improve comprehension. Second, only the 9 most
common sports activities were mentioned in the new version. Third, questions
about moving around in a wheelchair were omitted. Finally, the last question
(‘were the previous two weeks representative for the rest of the year’ with
answer possibilities ‘Yes’ and ‘No, I did less because…’) received an additional
answer possibility (‘No, I did more because…’). No changes with respect to the 
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Table 5.1. Intensity levels of LAPAQ activities

Activity Intensity (METs) MET category

Walking 2.5 2-2.99

General bicycling 4.0 3-5.99

Gardening 4.0 3-5.99

Sports
Gymnastics 4.0 3-5.99
Hometrainer cycling 7.0 ≥ 6
Cycling tour 8.0 ≥ 6
Walking tour 6.0 ≥ 6
Swimming 6.0 ≥ 6
Badminton/tennis 7.0 ≥ 6
Wintersports 7.0 ≥ 6
Cardio-fitness 5.5 3-5.99

Light household activities 2.5 2-2.99

Heavy household activities 4.0 3-5.99

MET=Metabolic Equivalent Task

content of the questions were made and it is unlikely that the activity measure-
ments are affected by the adjustments. Appendix Figure 5.2 shows the self-admin-
istered LAPAQ that was used in this study. It takes 5-10 minutes to complete. The
original LAPAQ is available in Dutch, German and English. Total duration scores
can be measured for each activity and summing up the scores across all activities
provides a total PA duration score (in minutes/2 weeks). The intensity for each
activity can be expressed as Metabolic Equivalent Tasks (MET). One MET is
defined as the ratio of work metabolic rate to a standard resting metabolic rate of
1.0 kilocalories per kilogram body weight per hour 20;21. To compare the LAPAQ
with the accelerometer, PA was classified into three MET-categories: 2-2.99 MET
(mild PA), 3-5.99 MET (moderate PA) and ≥ 6 MET (vigorous PA). We translated
LAPAQ-reported PA into MET-values using a compendium 20;21. (see Table 5.1).
According to the ACSM guidelines, cut-offs for different intensity levels are: 0-3
METs mild PA, 3-6 METs moderate PA, 6-9 METs vigorous PA and 9-12 METs very
vigorous PA. The reason we use 2-2.99 instead of 0-3 and above 6 instead of 6-9 and
9-12 is that the PA intensity, as measured with LAPAQ, ranged from 2.5 to 8 METs.

Validation instrument

We used the Sensewear® Pro Armband Accelerometer (BodyMedia, Inc, Pittsburgh)
from APC Cardiovascular as the reference, a device that was validated with dou-
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bly labeled water and indirect calorimetry 16-19. It is an ambulant body monitor
system, which records the metabolic and physical activity continuously. It gives
an exact overview of energy expenditure, duration (minutes) and intensity of
daily activities (MET scores). The device is attached to the right upper arm with
a band, is 88×56×21 mm and weighs 82 grams. Participants wore the device 24
hours a day (except when showering or swimming) for two weeks. The mean
time that the device was actually worn was calculated. The software provided
information about the time spent in the above mentioned MET-categories.

Statistical Analysis

Many studies use correlation coefficients (CC) for the validation of question-
naires but limitations of correlation coefficients are well documented in the litera-
ture 22. For example, since CCs are dependent on the true between-subject varia-
tion in the given study population, extrapolating results to other populations can
be misleading. And, since CCs are measures of association but not of agreement
between a questionnaire and its reference criterion, CCs can not detect systemat-
ic errors. We calculated correlation coefficients but our primary interest was a
comparison by graphically visualizing aspects of agreement in scatter plots and
Bland Altman plots 23. Difference scores and Pearson Correlation Coefficients
(PCC) between LAPAQ and accelerometer (validity) and between the two LAPAQ
measurements (reproducibility) were calculated for three intensity categories (2-
2.99 METs, 3-5.99 METs and ≥ 6 METs). Usually Intraclass Correlation
Coefficients (ICC) are used for measuring reproducibility. We used the PCC,
which is related. A major difference is that the ICC centres and scales by a pooled
mean and standard deviation (SD) while the PCC centres and scales by the mean
and SD of each variable. Since the activity pattern may have been different in the
second time period, we preferred the PCC. We used logistic regression and the area
under the Receiver Operating Characteristics (ROC) curve to assess how well
LAPAQ discriminates between persons whose activity level is or is not in accor-
dance with ACSM and AHA recommendations. All statistical analyses were per-
formed with Stata/SE 10.1 and SAS 9.2.

Results
Subject characteristics

During September and October 2010, a total of 92 subjects were recruited of which
3 were excluded because of PA scores on LAPAQ of 9,170 minutes and 14,280
minutes (highly improbable in 20,160 minutes [two weeks]) and even a score of
22,680 minutes. In addition, one LAPAQ at T=1 was missing and two LAPAQs
at T=2 were missing. Thus, we had 86 complete records. Of the total of 89
included subjects, 48% were male, median age was 72 years, median BMI was 25.
Participants actually wore the accelerometer on their body during 98.7 percent
of the time (interquartile range from 97.8% to 99.2%). This percentage was mea-
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Table 5.2. Subject characteristics (n=89)

Sex
Male 43 (48.3)

Age
Median, range 72.4, 65.4 - 87.6

BMI
Median, range 25.0, 17.0 - 35.7

Number of diseases
0 32 (35.9)
1 38 (42.7)
≥ 2 19 (21.3)

Cardiovascular disease 31 (34.8)
Musculoskeletal disease 17 (19.1)
Diabetes Mellitus 6 (6.7)
Neurologic; CVA/TIA 4 (4.5)
Respiratory disease 4 (4.5)
Malignancy 1 (1.1)
Other disease 14 (15.7)

• Unless otherwise specified, numbers are absolute numbers and percentages, n(%)
• BMI=Body Mass Index (weight(kg)/height(m)2), CVA=Cerebrovascular Accident,
TIA=Transient Ischemic Attack

sured as the actual on-body-time divided by the theoretically maximal on-body-
time, which is 14 days. Table 5.2 shows subject characteristics including their
diseases; 36% did not report any disease, 43% reported one and 21% two or more
diseases. Cardiovascular disease was reported most often (35%).

Table 5.3 shows mean, median and interquartile range of PA scores in each MET
category for the accelerometer, LAPAQ at T=1 and LAPAQ at T=2. As a reference,
two full weeks contain 20160 minutes (336h). According to the accelerometer our
population spent around 14% of their time (2748/20160 minutes) on PA and 10%
(2058/20160 minutes) was mild PA (walking and light house hold activities).

Reproducibility

For reproducibility analyses, LAPAQ scores at T=1 were compared with LAPAQ
scores at T=2 (n=86). PCCs, mean and median difference scores for all cate-
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Table 5.3. Descriptive statistics for duration of physical activity in minutes in two
weeks

Accelero LAPAQ at LAPAQ at
meter T=1 T=2

Number (n) 89 88 87

2-2.99 METs
Mean (SD) 1892 (827) 1630 (1194) 1299 (1070)
Median 2058 1275 1050
p25/p75 1325/2433 720/2520 420/2000

3-5.99 METs
Mean (SD) 865 (665) 630 (740) 539 (563)
Median 663 440 440
p25/p75 343/1178 105/840 60/850

≥ 6 METs
Mean (SD) 32 (119) 180 (386) 160 (298)
Median 3 0 0
p25/p75 0/15 0/170 0/210

All METs (≥ 2)
Mean (SD) 2788 (1265) 2439 (1678) 1994 (1367)
Median 2748 1945 1760
p25/p75 1902/3713 1230/3540 890/2820

• SD=standard deviation, p25/p75=25th and 75th percentile
• Note that, on average, scores were higher for accelerometer than for LAPAQ at T=1 and
for LAPAQ at T=1 than for LAPAQ at T=2

• As a reference, two full weeks contain 20160 minutes
• MET=Metabolic Equivalent Task

gories are shown in Table 5.4. The PCC for total PA (≥ 2METs) was 0.68 (95% CI
0.55-0.80) and the mean and median difference (LAPAQ T=1 minus LAPAQ
T=2) was 436 and 248 minutes respectively.

PCCs were also calculated for the ‘representative’ group (n=50), the persons who
claimed that their PA pattern was stable (2x ‘yes’ on question 18 (“were the pre-
vious two weeks representative for the rest of the year?”). For this group
(≥ 2MET), the PCC was 0.73 (95% CI 0.59-0.88) and for the 2-2.99 MET, 3-5.99
MET and ≥ 6 MET, the PCCs were 0.69 (95% CI 0.54-0.84), 0.81 (95% CI 0.69-
0.93) and 0.81 (0.49-0.93) respectively. In the scatter plot in Figure 5.1, the
regression line is less steep than the line of equality. In general, average LAPAQ
scores at T=1 are higher than at T=2. The Bland-Altman plot shows again that 
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Table 5.4. Pearson correlation coefficients (PCC) and difference scores for all MET categories 

2-2.99 METs 3-5.99 METs ≥ 6 METs All METs (≥ 2)

PCC LAPAQ 0.58 (0.42-0.72) 0.79 (0.69-0.88) 0.75 (0.47-0.87) 0.68 (0.55-0.80)
T=1/T=2 (95% CI)

Mean difference 309 (1004) 102 (436) 23 (258) 436 (1260)
score (SD)
(LAPAQ T1
minus LAPAQ T2)

Median difference 70 0 0 248
score
(LAPAQ T1
minus LAPAQ T2)

PCC LAPAQ 0.05 (-0.16-0.24) 0.27 (0.07-0.48) 0.01 (-0.07-0.25) 0.25 (0.07-0.44)
T=1/accelerometer
(95% CI)

Mean difference -267 (1423) -234 (852) 148 (403) -354 (1830)
score (SD)
(LAPAQ T1
minus accelerometer)

Median difference -363 -277 0 -510
score
(LAPAQ T1
minus accelerometer)

• SD=standard deviation, 95% CI= 95% confidence interval
MET=Metabolic Equivalent Task
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the higher the PA score, the larger the difference score between LAPAQ at T=1
and T=2, see Figure 5.1.

Validity

For validity analyses, accelerometer scores were compared with scores on LAPAQ
at T=1 (n=88). PCCs, mean and median difference scores for all categories are
shown in Table 5.4. PCC was 0.25 (95% CI 0.07-0.44) for total PA (≥ 2METs) and
the mean and median difference (LAPAQ T=1 minus accelerometer) was -354 and
-510 minutes respectively. In the scatter plot the regression line is less steep than
the line of equality. Below 2000 minutes of PA, average LAPAQ scores are higher
than average accelerometer scores but above approximately 2000 minutes of PA,
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Figure 5.1. Scatter plot (upper panel) and Bland Altman plot (lower panel)
• Solid line=reference line (scatter plot: x=y and Bland-Altman plot: y=0)
• Dotted line=regression line
• Marked field=limits of agreement (± 2SD)
• Bland-Altman plot: mean=(lapaq T=1 plus lapaq T=2)/2, difference=lapaq T=1 minus
lapaq T=2

100

CHAPTER 5

8000

10000

6000

4000

2000

0

0 2000 4000 6000 8000 10000
Lapaq T=2 (minutes)

La
p

aq
 T

=
1 

(m
in

ut
es

)

4000

6000

2000

0

-2000

-4000

0 1000 2000 3000 4000 5000 6000
Mean lapaq T=1 and lapaqT=2 (minutes)D

iff
er

en
ce

 la
p

aq
 T

=
1 

an
d

 la
p

aq
T=

2 
(m

in
ut

es
)

• Boekje Lara_Pro-Press_Basis Boekje  11-07-14  12:32  Page 100

        



Figure 5.2. Scatter plot (upper panel) and Bland Altman plot (lower panel)
• Solid line=reference line (scatter plot: x=y and Bland-Altman plot: y=0)
• Dotted line=regression line
• Marked field=limits of agreement (±2SD)
• Bland-Altman plot: mean=(lapaq T=1 plus accelerometer)/2, difference=lapaq T=1
minus accelerometer

• Note that, in the scatterplot, subjects above the reference line overestimate their duration
of PA on the lapaq compared to the accelerometer measurements, while subjects below this
line underestimate their duration of PA on the lapaq
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it is the other way around. The Bland-Altman plot shows much spread around
the regression line and the range between the limits of agreement is wide, indi-
cating measurement error in LAPAQ, see Figure 5.2.

The positive predictive value of LAPAQ (correctly predicting that PA levels are
above the recommendation level) is 0.88 (46/52). The negative predictive value of
LAPAQ (correctly predicting that PA levels are below the recommendation level)
is 0.33 (12/36). The area under the ROC curve was 0.73 (95% CI 0.59-0.86).

Discussion

Due to moderate reproducibility and low validity, LAPAQ seems unsuitable for
exact measurement of physical activity levels in older adults. Overall LAPAQ
underestimates physical activity by 510 minutes (8.5 hours in two weeks, 36 min-
utes per day). But, for the highest MET-category (sports activities) the LAPAQ
scores were higher than the accelerometer’s. This may be explained by a simple
example; when a person is playing tennis for 1 hour, (s)he might fill in “1 hour” on
the LAPAQ questionnaire but the actual time on PA above 6 METs is obviously
less than 1 hour. When we compared the two LAPAQ-measurements, scores at
T=1 were higher than at T=2 with a median difference of 248 minutes (4 hours in
two weeks, 18 minutes per day). This may be a systematic effect caused by partic-
ipants being more active in the first two weeks because they knew that their
activity was being measured by the accelerometer, the so-called ‘Hawthorne
effect’ 24. To avoid this, participants could have worn the accelerometer for 4
weeks instead of 2 weeks but this might have led to a high drop-out rate since
most participants were happy to take off the ACTR after two weeks. If this expla-
nation is true, the reproducibility of LAPAQ is better than we measured.

Although LAPAQ seems unsuitable for exact measurement of physical activity
levels in older adults, a more modest aim is to determine if a person’s activity level
is above the ACSM and AHA recommendation level (moderate exercise for at least
30 minutes a day, five days a week (300 minutes ≥ 3METs in two weeks) or vigor-
ous exercise for at least 20 minutes a day, for three days a week (120 minutes
≥ 6METs in two weeks). For this determination, the positive predictive value of
LAPAQ is 88% and the negative predictive value is 33%. This means that LAPAQ
incorrectly predicts a PA-level above the recommendation level in only 12%.

PA is important for older adults to maintain their health and functional ability.
A number of questionnaires have been validated to assess physical activity in
older adults but all of them have several limitations and most have not been
compared to activity monitors. We compared the LAPAQ with the Sensewear,
an ACTR that was validated with doubly labeled water and indirect calorime-
try.16;18 A second strength of our study is that ACTR and LAPAQ measurements
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coincided at T=1, implying that the LAPAQ covered the same time interval as the
ACTR. With regards to reproducibility, the LAPAQ was administered twice only
two weeks apart. This is probably enough to avoid memory effects while at the
same time ensure stability of activity levels. A drawback of wearing the ACTR
only in the first two weeks is that it may have induced a Hawthorne effect,
affecting our reproducibility measurements. A third strength of our study is that
our population consisted of 89 persons with variable sex, age, BMI, and comor-
bidities and this enhances the robustness of our correlation measures. Neilson et
al evaluated several validation studies of PA questionnaires and the largest study
they found contained 80 subjects, women only 19. They also found, with regard
to our second strength, that in only 4 out of 36 studies the PA questionnaires
covered exactly the same time period of activity as the validation instrument.
Finally, a fourth strength of our study is the elaborate statistical approach.
Ambiguity still exists about the appropriate statistical methods and interpreta-
tion of validation studies. In a systematic review of Schmidt and Steindorf, 22 the
most common approach in validation studies is still the presentation of correla-
tion coefficients (41 of 46 articles). However, the limitations of correlation coeffi-
cients are well documented in the literature 22;23. The appropriate evaluation
methods as recommended by Bland and Altman were found in only 10/46 publi-
cations. Schmidt and Steindorf showed that serious bias in questionnaires can be
revealed by Bland-Altman plots but may remain undetected by correlation coeffi-
cients. In our study, correlation coefficients have been added for comparison
with previous studies but our primary interest was comparison by graphically
visualizing aspects of agreement in Bland Altman plots. A limitation of our study,
as well as it is a strength, is limited sample size. Although it seems one of the
largest studies in this field, we still face wide confidence intervals.

In conclusion, LAPAQ seems unsuitable for exact measurement of physical activity
levels in older adults. However, LAPAQ is a fast and practical self-administered
questionnaire that can be used in practice and in studies, for example to deter-
mine if a person’s activity level is above the recommendation level of the ACSM
and the AHA.
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APPENDIX CHAPTER 5

Appendix Figure 5.1. flow chart of the study 
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850 potential participants received
study information and invitation letter

150 reactions from potential
participants

92 participants recruited

Population of 89 participants

a maximum of 100
participants for organizational
reasons

3 excluded due to improbable
and even impossible scores on
the LAPAQ

First visit (T0=0):
• information about study
• informed consent
• participant information
• instructions for accelerometer

Second visit (T1=2 weeks):
• return accelerometer
• fill in LAPAQ

Third visit (T2=4 weeks):
• fill in LAPAQ
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1. Do you walk outside?
Explanation: with walking outside we mean walking to go shopping or doing other daily
activities, like visiting someone. We do not mean: a walking tour.
❑ No (go to question 4)
❑ Yes

2. How many times did you walk during the past two weeks?

|__||__|  Times in the past two weeks

3. How long did you usually walk each time?

|__||__|  Hours and  |__||__|  Minutes

4. Do you cycle?
Explanation: with cycling we mean cycling to go shopping or doing other daily activities,
like visiting someone. With cycling we do not mean: a cycling tour.
❑ No (go to question 7)
❑ Yes

5. How many times did you cycle during the past two weeks?
|__||__|  Times in the past two weeks

6. How long did you usually cycle each time?

|__||__|  Hours and  |__||__|  Minutes

7. Do you have a garden (including allotment)?
❑ No (go to question 10)
❑ Yes

8. How many times did you work in the garden during the past two weeks?

|__||__|  Times in the past two weeks

9. How long did you usually work in the garden each time?

|__||__|  Hours and  |__||__|  Minutes

10. Do you do sports?
❑ No (go to question 12)
❑ Yes
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11. Which sports did you do during the past two weeks? 
Mark the sports that you did do during the past two weeks and fill in how many times
and for how long each time you did those sports.

SPORTS times in the Duration each time
past two weeks

❑ 1. Gymnastics |__||__| |__||__|  Hours and  |__||__|  Min
❑ 2. Cycling on hometrainer |__||__| |__||__|  Hours and  |__||__|  Min
❑ 3. Distance cycling |__||__| |__||__|  Hours and  |__||__|  Min
❑ 4. Distance walking |__||__| |__||__|  Hours and  |__||__|  Min
❑ 5. Swimming |__||__| |__||__|  Hours and  |__||__|  Min
❑ 6. Tennis / Badminton |__||__| |__||__|  Hours and  |__||__|  Min
❑ 7. Wintersports |__||__| |__||__|  Hours and  |__||__|  Min
❑ 8. Cardio-fitness |__||__| |__||__|  Hours and  |__||__|  Min
❑ 9. Other ………… |__||__| |__||__|  Hours and  |__||__|  Min

12. Do you do light household tasks?
Explanation: with light household tasks we mean washing the dishes, dusting, making
the bed, doing the laundry, hanging out the laundry, ironing, tidying up and cooking
meals.
q No (go to question 15)
q Yes

13. How many days did you do light household tasks during the past two weeks?

|__||__|  days in the past two weeks

14. How long did you usually do light household tasks each day?

|__||__|  Hours and  |__||__|  Minutes

15. Do you do heavy household tasks?
Explanation: with heavy household tasks we mean window cleaning, changing the bed,
beating the mat, vacuuming, washing or scrubbing the floor and chores with sawing,
carpeting, repairing or painting.
❑ No (go to question 18)
❑ Yes
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16. How many days did you do heavy household tasks during the past two
weeks 

|__||__|  days in the past two weeks

17. How long did you usually do heavy household tasks each day?

|__||__|  Hours and  |__||__|  Minutes

18. You just answered questions about your usual activities of the past two
weeks. 
Were the past two weeks normal as compared to the rest of the past year?
❑ Yes (end of questionnaire)
❑ No, I did more because
� good weather
� bad weather
� holiday 
� other: . ……………………………
❑ No, I did less because
� good weather
� bad weather
� holiday 
� illness
� other: . ……………………………

Appendix Figure 5.2. LAPAQ
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Abstract
Background

Exercise tests are important to characterize COPD patients and predict their
prognosis but often not available outside of rehabilitation or research settings.
The aim was to assess the predictive performance of the sit-to-stand (STS) and
handgrip strength tests.

Methods

The prospective cohort study in Dutch and Swiss primary care settings included a
broad spectrum of patients (n=409) with GOLD stages II to IV. To assess the
association of the tests with outcomes, we used Cox proportional hazards (mor-
tality), negative binomial (centrally adjudicated exacerbations) and mixed linear
regression models (longitudinal health-related quality of life [HRQL]) while
adjusting for age, sex and severity of disease.

Results

The STS test was strongly (adjusted hazard ratio per 5 more repetitions of 0.58
[95% CI 0.40-0.85], p=0.004) and the handgrip strength test moderately
strongly (0.84 [95% CI 0.72-1.00], p=0.04) associated with mortality. Both tests
were also statistically significantly associated with HRQL but not with exacerba-
tions. The STS test alone was a stronger predictor of 2-year mortality (area under
curve 0.78) than body mass index (0.52), FEV1 (0.61), dyspnoea (0.63) and
handgrip strength (0.62).

Conclusions

The STS test may close an important gap in the evaluation of exercise capacity
and prognosis of COPD patients across practice settings. The one minute sit-to-
stand test predicts mortality in COPD patients and can easily be implemented
across practice settings.
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Introduction

Numerous studies have shown strong associations of exercise capacity with mor-
tality, exacerbations and health-related quality of life (HRQL) in patients with
chronic obstructive pulmonary disease (COPD) 1-5. In fact, exercise capacity is
among the strongest predictors of mortality and showed consistently stronger
associations than lung function or dyspnoea 2, 4. The BODE index (body mass
index, FEV1, dyspnoea and 6-minute walk distance) includes exercise capacity to
predict mortality 3. Multivariable indices inform patients about their prognosis
and help them understand what the diagnosis of COPD actually means for them.
Also, predictors of outcomes such as exercise capacity help estimating the risk
of future outcomes, the absolute effects of treatments for individuals and,
thereby, the benefits and harms of treatments (e.g. number-needed-to-treat).
Therefore, assessment of prognosis is of great importance not only for patients
but also for policy makers, regulatory agencies and clinical guideline developers.

Unfortunately, measurement of exercise capacity has not been implemented in
most clinical practice settings relevant to COPD patients. Exercise capacity has
probably rarely been tested in the vast majority of COPD patients despite of its
great importance. While Six-minute walk, constant work load or incremental
exercise tests are commonly used in pulmonary rehabilitation settings, they are
not often used in inpatient, outpatient specialist or primary care settings. An
important barrier is that the established Six-minute walk and constant or incre-
mental work load tests require trained staff, space and equipment 6, which is
not commonly available in many practice settings 7.

Over the last ten years, a significant amount of research has been done to explore
simpler tests such as sit-to-stand (STS) or step tests to measure exercise capacity
or the handgrip strength test to measure upper limb strength. The STS, where the
number of repetitions during 30 seconds or one minute are counted, yields repro-
ducible results in elderly people (intraclass correlation coefficients ≥ 0.84) and the
STS test showed high correlations with established tests for exercise capacity
such as Six-minute walk distance (r>0.7) 8-10. The STS and Six-minute walk tests
showed very similar correlations with other validation measures indicating that
they may measure similar aspects of functional exercise capacity 8.

However, we were unable to find studies that directly associated simple exercise
tests with clinical outcomes. If STS or handgrip strength tests are to be used in
practice to assess health status and associated prognosis or implemented in
prognostic indices, a validation of their predictive properties is needed. Such a
direct validation provides stronger evidence for predictive properties than stud-
ies, which show high correlations of STS with commonly used exercise tests and
indirectly suggests a link of simple exercise tests to clinical outcomes. Therefore,
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our aim was to assess if and how strongly the STS and handgrip strength tests
are associated with mortality, exacerbations and longitudinal HRQL in a diverse
population of COPD patients.

Methods
Study design and population

We based our analyses on a prospective multicentre cohort study with COPD
patients from primary care in Switzerland and the Netherlands 11, 12. At inclu-
sion (April 2008 to August 2009), all patients (≥ 40 years of age) had GOLD
stages II–IV and had been free of exacerbations for ≥ 4 weeks. The only exclusion
criteria were life expectancy of <12 months, dementia or psychotic morbidity.
All included patients have provided written informed consent. The study has
been approved of by all local ethics committees and is registered on Clinical
Trials.gov (NCT00706602).

1-minute STS and handgrip strength test 

Using the STS test protocol 10, trained study nurses asked patients to sit down
on a chair (height 46-48cm) without arm rests, keep their legs apart with about
90 degrees knee flexion and aligned with their hips, and to hold their hands sta-
tionary on their hips. Patients were asked to stand up and to sit down once or
twice in order to familiarize them with the task and to assess its feasibility and
safety. Study nurses instructed patients about the duration of the test (1
minute) and to do as many repetitions as possible at a self-paced speed allowing
for short breaks if needed but without using the arms for support. Study nurses
started the test by giving the command “attention, ready, go”. When 15 seconds
were left patients were told “You have 15 seconds left until the test is over”.
To measure handgrip strength we used the Jamar® Hydraulic Hand Dynamo-
meter (JA Preston Corporation, Jackson, MI, USA), which is widely used and
serves as reference for evaluation of other devices 13. Patients were seated
with the shoulders adducted, elbows flexed to 90˚ and forearms in neutral
position. Trained study nurses then instructed patients to squeeze the handle
as much as possible and read to the nearest kg where the needle stopped. As
recommended we used the best of the six measurements (three times each
hand) for the statistical analyses 13.

Outcome measurements

We focused on three patient-important outcomes, namely, mortality, exacerbations
and COPD-specific HRQL. Deaths were captured at the biannual follow-up
assessments (at 6, 12, 18 and 24 months) and exact dates of death were ascer-
tained from the treating primary care doctors. We focused on all-cause death
since determination of causes of death is prone to misclassification and difficult
to perform, even if centrally adjudicated 14.
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Potential exacerbations were captured through patient interviews (biannual as-
sessments) and through review of all patient records two years after enrolment.
In both Switzerland and the Netherlands, primary care doctors play a central role
in coordinating patient care and reports from other health care providers (e.g.
hospitals, pulmonologists) are sent to the primary care doctors. These reports as
well as the primary care doctors’ case records were available to us. All potential
exacerbations were centrally adjudicated by committees that comprised three
independent experts (general practitioners with special expertise in pulmonary
medicine and pulmonologists) in Switzerland and four in the Netherlands. The
experts first independently reviewed the documents and determined the number
and dates of exacerbations for each patient. We used an event-based definition
for exacerbations with two criteria that had to be fulfilled: (1) unscheduled
physician contact in a hospital, private practice or by telephone for worsening of
dyspnoea, cough, increased sputum production or a change in sputum color and
(2) electronic or hand-written documentation of new prescription or a dosage
increase of systemic steroids or new prescription of an antibiotic. The experts
sent their reviews to the Swiss and Dutch study coordinating centres. At the
consensus meetings of the two adjudication committees the members compared
their independent reviews on those patients for whom discordances existed and
reached a consensus on the number and dates of exacerbations. More details
about the adjudication process will be reported elsewhere.

To assess COPD-specific HRQL, we used the validated German and Dutch self-
administered, standardized versions of the Chronic Respiratory Questionnaire
(CRQ). The CRQ provides scores in four different domains (dyspnoea, fatigue,
emotional function and mastery) each on a scale of one to seven, where one is
the worst score indicating very poor HRQL and seven the best 15, 16. Patients
completed the CRQ at baseline and biannually up to the 2-year visit.

Statistical analysis

We used regression analyses with the outcomes as dependent and the exercise
tests as independent variables (separate analysis for each outcome and for STS
and handgrip strength tests, respectively). We used Cox proportional hazards
models to assess the association between the exercise tests and mortality (up to
two years). Since exacerbations are usually correlated within patients we used
negative binomial regression models to assess the association between the exer-
cise tests and the number of exacerbations (incidence rate ratio). To assess the
association between the exercise tests and HRQL from baseline up to two years
we used random-effects linear regression models that took into account the
within-person (repeated measurements) and between person variability. We
adjusted the analyses for age, sex, baseline dyspnoea, baseline FEV1 in % predict-
ed and the use of long-acting bronchodilators ± inhaled corticosteroids (at base-
line). In sensitivity analyses we imputed a zero for patients who did not perform
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Table 6.1. Sit-to-Stand test and handgrip strength tests at baseline

Sit-to-Stand test Handgrip strength
Mean number of Mean kg (SD)
repetitions (SD)

All patients (n1=374; n2=409)# 18.9 (8.8) 35.8 (12.1)

Sex
Male (n1=212; n2=233) 20.3 (9.5) 42.8 (10.1)
Female (n1=162; n2=176) 17.2 (7.4) 26.5 (7.3)

GOLD stage
II (n1=243; n2=261) 19.2 (8.6) 35.7 (12.3)
III (n1=80; n2=89) 18.8 (9.7) 34.9 (12.7)
IV (n1=51; n2=59) 17.9 (8.0) 37.6 (10.3)

MRC dyspnoea
0 (n1=68; n2=71) 24.6 (9.2) 42.7 (12.1)
1 (n1=149; n2=155) 21.3 (8.7) 36.5 (11.8)
2 (n1=40; n2=41) 17.7 (6.2) 36.4 (11.3)
3 (n1=37; n2=42) 13.7 (4.8) 31.5 (10.4)
4 (n1=80; n2=100) 12.8 (5.6) 31.3 (11.1)

Number of comorbidities
0-2 (n1=168; n2=178) 19.9 (8.6) 37.7 (12.0)
3-4 (n1=112; n2=128) 18.4 (8.3) 34.8 (12.4)
≥ 5 (n1=94; n2=103) 17.8 (9.5) 33.8 (12.9)

# n1=sample size for results on STS test; n2=sample size for results on handgrip strength

the STS test at baseline. Finally, we calculated the area under the curve for a num-
ber of commonly used predictors such as FEV1 in % predicted, age, dyspnoea,
body mass index and their combinations.
We did not have any missing variables for the handgrip strength test or the con-
founders. Not all patients were able to complete the STS test and we did sensi-
tivity analyses as described above. We did not perform formal sample size calcu-
lations for this analysis but we have described details for sample size calcula-
tions for this cohort before 11. We conducted all analyses using Stata for
Windows (version 11.2, College Station (TX), USA).
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Results
Study population

Detailed characteristics of the broad study population of 409 COPD patients can
be found elsewhere 12. In brief, at enrolment mean age was 67.3 years (SD 10.0),
57% were male, 63.8% had GOLD stage II, 21.8% stage III and 14.4% stage IV,
respectively, and mean degree of dyspnoea on the MRC scale was 1.87 (SD 1.46).
38 patients (9.3%) had died within the first 2 years of observation (total obser-
vation time of 782 person years). Only 19 (4.6%) patients dropped out of the
study because of worsening of physical condition (n=4), overburden (n=4), psy-
chiatric condition (n=3), lost contact (n=1) or other reasons (n=7). 204
patients (49.9%) had no exacerbation, 101 (24.7%) had 1, 33 (8.1%) had 2 and 71
patients (17.4%) had three or more exacerbations during the first 2 years of
observation. 93.3% of the adjudicated exacerbations were treated on an outpa-
tient and 6.7% on an inpatient basis.

STS and handgrip strength test results at baseline

374 (91.4%) patients were able to perform the STS test at baseline. Reasons for
not performing a STS were musculoskeletal problems (osteoarthritis, back pain
or recent orthopedic surgery). The mean number of repetitions during the STS
test was 18.9 (SD 8.8). STS test results were lower for women compared to men,
for patients with higher GOLD stage, for patients experiencing more dyspnoea
and for patients with more comorbidities (Table 6.1). All patients were able to
perform the handgrip strength test at baseline. The mean maximum handgrip
strength was 35.8 kg (SD 12.8). There was high reproducibility across the three
attempts on the right side (means of 33.4, 32.9 and 32.6 kg on first, second and
third attempt) and left hand (means of 30.8, 30.7 and 30.5 kg) with intraclass
correlation coefficients of 0.88 for both sides. Again, test results were lower for
women, in patients with more dyspnoea and more comorbidities, whereas
patients with higher GOLD stages did not have lower upper limb strength. The
correlation between the number of repetitions during the STS test and maximal
handgrip strength was 0.45.

Association of the STS test with mortality, exacerbations and HRQL

The STS test at baseline was substantially lower in patients who died subsequently
than in patients who were alive at two years (11.8 vs. 19.5 repetitions, Table 6.2).
We found a strong association of the STS test with mortality. The adjusted
analysis showed a hazard ratio of 0.90 per one more repetition (95% CI 0.83-0.97
p=0.004), equivalent to a hazard ratio of 0.58 (95% CI 0.40-0.85 p=0.004) per
five more repetitions (Table 6.2).
We did not find an association of the STS test with exacerbations (incidence rate
ratio per 1 more repetition close to 1.0). But we found statistically significant
associations of the STS test with all four domains of the CRQ, as assessed over
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Table 6.2. Association of the sit-to-stand test with mortality, exacerbations and health-related qual-
ity of life

Mortality

Patients alive at two years Patients dead at two years

Sit-to-stand test, mean 19.5 (8.7) 11.8 (6.3)
number of repetitions in
1 minute (SD)

Association of sit-to-stand Unadjusted association 0.86 (95% CI 0.81-0.92),
test with mortality (hazard ratio per 1 more p<0.0001, z=-4.73

repetition)

Adjusted association (hazard 0.90 (95% CI 0.83-0.97),
ratio per 1 more repetition) p=0.004, z=-2.84

Adjusted association (hazard 0.58 (95% CI 0.40-0.85)
ratio per 5 more repetitions) p=0.004, z=-2.84

Covariates Age 1.08 (SE 0.026, z= 3.17, p=0.002)
FEV1 0.98 (SE 0.012, z=-1.76, p=0.078)
Dyspnoea 1.12 (SE 0.185, z=0.69, p= 0.49)
LABA/ICS 0.56 (SE 0.29, z=-1.11, p=0.269)

Exacerbations

Patients with no exacerbation Patients with ≥ 1 exacerbation
during 2 years of follow-up during 2 years of follow-up

Sit-to-stand test, mean 19.4 (8.5) 18.1 (8.1)
number of repetitions in
1 minute (SD)

Association of sit-to-stand Unadjusted association 0.99 (95% CI 0.97-1.01),
test with exacerbations (incidence rate ratio per 1 p=0.21, z=-1.26

more repetition)

Adjusted association 1.00 (95% CI 0.98-1.02),
(incidence rate ratio per 1 p=0.94, z=0.08
more repetition)

Covariates Age 1.00 (SE 0.007, z=-0.48, p=0.63)
FEV1 0.98 (SE 0.005, z=-5.02, p<0.001)
Dyspnoea 1.06 (SE 0.067, z=0.89, p= 0.38)
LABA/ICS 1.52 (SE 0.34, z=1.87, p=0.062)
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Table 6.2. Continued

Health-related quality of life from baseline to 2-year follow-up

Association of sit-to-stand Unadjusted difference on 0.06 (95% CI 0.04-0.07),
test with CRQ dyspnoea scale from 1-7 per 1 more p<0.001, z=7.55

repetition

Adjusted difference on 0.05 (95% CI 0.04-0.07),
scale from 1-7 per 1 more p<0.001, z=7.10
repetition

Adjusted difference on 0.26 (95% CI 0.19-0.34),
scale from 1-7 per 5 more p<0.001, z=7.10
repetitions

Covariates Age 0.017 (SE 0.007, z= 2.54, p=0.011)
FEV1 0.026 (SE 0.004, z=-6.48, p<0.001)
LABA/ICS -0.396 (SE 0.16, z=--2.41, p=0.016)

Association of sit-to-stand Unadjusted difference on 0.06 (95% CI 0.04-0.07),
test with CRQ fatigue scale from 1-7 per 1 more p<0.001, z=8.57

repetition

Adjusted difference on 0.04 (95% CI 0.03-0.05),
scale from 1-7 per 1 more p<0.001, z=6.06
repetition

Adjusted difference on 0.19 (95% CI 0.13-0.26),
scale from 1-7 per 5 more p<0.001, z=6.06
repetitions

Covariates Age 0.007 (SE 0.005, z= 1.34, p=0.18)
FEV1 -0.007 (SE 0.005, z=-2.04, p=0.042)
Dyspnoea 0.361 (SE 0.038, z=9.51, p<0.001)
LABA/ICS 0.108 (SE 0.13, z=0.81, p=0.42)

Association of sit-to-stand Unadjusted difference on 0.03 (95% CI 0.02-0.05),
test with CRQ emotional scale from 1-7 per 1 more p<0.001, z=5.33
function repetition

Adjusted difference on 0.02 (95% CI 0.01-0.03),
scale from 1-7 per 1 more p=0.001, z=3.24
repetition

Adjusted difference on 0.10 (95% CI 0.04-0.16),
scale from 1-7 per 5 more p=0.001, z=3.24
repetitions

Covariates Age 0.013 (SE 0.005, z=2.52, p=0.012)
FEV1 -0.009 (SE 0.003, z=-2.81, p=0.005)
Dyspnoea 0.357 (SE 0.036, z=9.87, p<0.001)
LABA/ICS 0.169 (SE 0.13, z=1.32, p=0.19)
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Table 6.2. Continued

Health-related quality of life from baseline to 2-year follow-up

Association of sit-to-stand Unadjusted difference on 0.03 (95% CI 0.02-0.04),
test with CRQ mastery scale from 1-7 per 1 more p<0.001, z=5.79

repetition

Adjusted difference on 0.02 (95% CI 0.00-0.03),
scale from 1-7 per 1 more p=0.005, z=2.84
repetition

Adjusted difference on 0.08 (95% CI 0.02-0.13),
scale from 1-7 per 5 more p=0.005, z=2.84
repetitions

Covariates Age 0.008 (SE 0.005, z= 1.69, p=0.09)
FEV1 -0.002 (SE 0.003, z=-0.65, p=0.51)
Dyspnoea 0.340 (SE 0.033, z=10.41, p<0.001)
LABA/ICS -0.053 (SE 0.116, z=-0.46, p=0.64)

z-values are reported to show the relative strength of association of each variable in the multivariable regression
models. All regression coefficients for continuous variables except for handgrip strength are per increase of 1 unit
(1 year for age, 1% predicted for FEV1 and 1 point for dyspnoea)
LABA: Long-acting beta-agonist; ICS: Inhaled corticosteroids; FEV1: Forced expiratory volume in one second in %
predicted; CRQ: Chronic Respiratory Questionnaire
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24 months. The adjusted effect of five more repetitions during the STS test was
0.26 (95% CI 0.19-0.34) for the dyspnoea, 0.19 (95% CI 0.13-0.26) for the fatigue,
0.10 (95% CI 0.04-0.16) for the emotional function and 0.08 (95% CI 0.02-0.13)
for the mastery domain. Six patients completed only four repetitions during the
STS test and two patients 3 and 1 repetitions, respectively. Excluding these
patients from the analyses led to almost identical estimates as in the main anal-
yses. Finally, in additional sensitivity analyses we imputed a zero for those
patients who were unable to perform the STS test at baseline (n=35). The anal-
ysis for the complete set of patients (n=409) showed almost identical results as
those in the main analysis.

Association of the handgrip strength with mortality, exacerbations and
HRQL

Handgrip strength at baseline was substantially lower in patients who died sub-
sequently than in patients who were alive at two years (30.1 kg vs. 36.4 kg, Table
6.3). We also found a statistically significant association of handgrip strength
with mortality. The adjusted analysis showed a hazard ratio of 0.97 per one more
kg (95% CI 0.94-1.00 p=0.04) equivalent to a hazard ratio of 0.84 (95% CI
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Table 6.3. Association of handgrip strength with mortality, exacerbations and health-related quality
of life

Mortality

Patients alive at two years Patients dead at two years

Handgrip strength, 36.4 (12.2) 30.1 (9.9)
mean kg (SD)

Association of handgrip Unadjusted association 0.96 (95% CI 0.93-0.98),
strength with mortality (hazard ratio per 1 more kg) p=0.002, z=-3.06

Adjusted association 0.97 (95% CI 0.94-1.00),
(hazard ratio per 1 more kg) p=0.04, z=-2.05

Adjusted association 0.84 (95% CI 0.72-1.00)
(hazard ratio per 5 more kg) p=0.04, z=-2.05

Covariates Age 1.09 (SE 0.021, z= 4.27, p<0.001)
FEV1 0.97 (SE 0.010, z=-3.02, p=0.003)
Dyspnoea 1.29 (SE 0.167, z=1.97, p= 0.49)
LABA/ICS 0.56 (SE 0.26, z=-1.22, p=0.22)

Exacerbations

Patients with no exacerbation Patients with ≥ 1 exacerbation
during 2 years of follow-up during 2 years of follow-up

Handgrip strength, 19.4 (8.5) 18.1 (8.1)
mean kg (SD)

Association of handgrip Unadjusted association 0.99 (95% CI 0.98-1.00),
strength with (incidence rate ratio per p=0.06, z=-1.86
exacerbations 1 more kg)

Adjusted association 0.99 (95% CI 0.98-1.00),
(incidence rate ratio per p=0.14, z=-1.48
1 more kg)

Covariates Age 0.99 (SE 0.006, z=--0.79, p=0.43)
FEV1 0.98 (SE 0.004, z=-5.63, p<0.001)
Dyspnoea 1.05 (SE 0.055, z=0.99, p= 0.32)
LABA/ICS 1.56 (SE 0.34, z=-2.02, p=0.044)

Health-related quality of life from baseline to 2-year follow-up

Association of handgrip Unadjusted difference on scale 0.03 (95% CI 0.02-0.04),
strength with CRQ from 1-7 per 1 more kg p<0.0001, z=5.05
dyspnoea
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Table 6.3. Continued

Health-related quality of life from baseline to 2-year follow-up

Adjusted difference on scale 0.03 (95% CI 0.02-0.04),
from 1-7 per 1 more kg p<0.0001, z=5.39

Adjusted difference on scale 0.14 (95% CI 0.09-0.20),
from 1-7 per 5 more kg p<0.0001, z=5.39

Covariates Age 0.008 (SE 0.007, z= 1.15, p=0.25)
FEV1 0.032 (SE 0.004, z=8.20, p<0.001)
LABA/ICS -0.47 (SE 0.17, z=-2.78, p=0.005)

Association of handgrip Unadjusted difference on 0.04 (95% CI 0.03-0.05),
strength with CRQ fatigue scale from 1-7 per 1 more kg p<0.0001, z=7.38

Adjusted difference on scale 0.02 (95% CI 0.01-0.03),
from 1-7 per 1 more kg p<0.0001, z=5.61

Adjusted difference on scale 0.12 (95% CI 0.08-0.17),
from 1-7 per 5 more kg p<0.0001, z=5.61

Covariates Age 0.003 (SE 0.005, z= 0.52, p=0.60)
FEV1 -0.003 (SE 0.003, z=-0.81, p=0.42)
Dyspnoea 0.401 (SE 0.035, z=11.53, p<0.001)
LABA/ICS 0.070 (SE 0.134, z=0.52, p=0.60)

Association of handgrip Unadjusted difference on 0.02 (95% CI 0.01-0.03),
strength with CRQ scale from 1-7 per 1 more kg p<0.0001, z=4.17
emotional function

Adjusted difference on scale 0.01 (95% CI 0.00-0.02),
from 1-7 per 1 more kg p=0.006, z=2.75

Adjusted difference on scale 0.06 (95% CI 0.02-0.10),
from 1-7 per 5 more kg p=0.006, z=2.75

Covariates Age 0.013 (SE 0.005, z= 2.65, p=0.008)
FEV1 -0.007 (SE 0.003, z=-2.33, p=0.020)
Dyspnoea 0.361 (SE 0.033, z=10.90, p<0.001)
LABA/ICS 0.141 (SE 0.127, z=1.11, p=0.27)

Association of handgrip Unadjusted difference on 0.01 (95% CI 0.00-0.02),
strength with CRQ mastery scale from 1-7 per 1 more kg p=0.009, z=2.62
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Table 6.3. Continued

Health-related quality of life from baseline to 2-year follow-up

Adjusted difference on scale 0.00 (95% CI -0.01-0.01),
from 1-7 per 1 more kg p=0.59, z=0.53

Adjusted difference on scale 0.01 (95% CI -0.03-0.05),
from 1-7 per 5 more kg p=0.59, z=0.53

Covariates Age 0.008 (SE 0.005, z= 1.73, p=0.08)
FEV1 -0.002 (SE 0.003, z=-0.62, p=0.53)
Dyspnoea 0.364 (SE 0.030, z=11.97, p<0.001)
LABA/ICS -0.097 (SE 0.117, z=-0.83, p=0.41)

z-values are reported to show the relative strength of association of each variable in the multivariable regression
models. All regression coefficients for continuous variables except for handgrip strength are per increase of 1
unit (1 year for age, 1% predicted for FEV1 and 1 point for dyspnoea) 
LABA: Long-acting beta-agonist; ICS: Inhaled corticosteroids; FEV1: Forced expiratory volume in one second in
% predicted; CRQ: Chronic Respiratory Questionnaire
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0.72 to 1.00, p=0.04) per five more kg (Table 6.3).
As for the STS test we did not find an association of handgrip strength with exac-
erbations. Handgrip strength was statistically significantly associated with three
CRQ domains but not with mastery. As for the STS test, we found the strongest
association of handgrip strength with dyspnoea (adjusted effect of five more kg
(0.14, 95% CI 0.09-0.20), followed by fatigue (0.12, 95% CI 0.08-0.17), emotional
function (0.06, 95% CI 0.02-0.10) and mastery (0.01, 95% CI -0.03-0.05). 

Comparison of prediction of mortality of STS and handgrip strength
test with established predictors 

The ADO index, the STS test and combinations of both indices with the STS test
were strong predictors of 2-year mortality with areas under the curve of around
0.8 (Figure 6.1). The STS test alone predicted 2-year mortality almost as well as
the ADO index. Handgrip strength and the BODE index without an exercise
test were both much weaker predictors of 2-year mortality but a BODE index
with the STS test instead of Six-minute walk distance showed excellent predic-
tion of 2-year mortality. Age alone was also a good predictor whereas all other
predictors included in the BODE or ADO indices were poor or moderate predic-
tors when used alone.
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Figure 6.1. Comparison of predictors to predict 2-year mortality in COPD patients
The figure shows the area under the curve (95% CI) for each predictor and for combina-
tions of predictors. An area under the curve of 0.5 indicates prediction no better than
chance and 1.0 perfect prediction.

Discussion

We found that upper limb strength measured by the handgrip test and, in partic-
ular, the one-minute STS test as a measure of exercise capacity are strongly and
independently associated with mortality and HRQL over 24 months of observa-
tion but we did not find significant associations with exacerbations. The STS
test alone is as good a predictor of mortality as the ADO index and may replace
BODE’s Six-minute walk distance if latter is not available.

Tables 6.1 and 6.2, where we reported the full regression models, indicate that
the STS test was a stronger predictor of mortality than FEV1 % predicted, dyspnoea
or the use of inhaled drugs. The strong predictive properties are also reflected by
the area under the curve of 0.78 (Figure 6.1). Earlier studies using the Six-minute
walk or incremental exercise tests show similar results 1, 2, 5, 17. Upper limb strength
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Predictors of 2-year mortality Area under the curve
(95% Cl)

ADO+sit-to-stand test

ADO+handgrip strength

BOD+sit-to-stand set

ADO

Sit-to-stand test

Age

BOD+handgrip strength

BOD

Dyspnea (MRC)

Handgrip strength

FEV1 in % predicted

BMI

0.82(0.74-0.90)

0.80(0.71-0.89)

0.80(0.71-0.89)

0.78(0.70-0.87)

0.78(0.69-0.86)

0.75(0.65-0.84)

0.68(0.57-0.80)

0.66(0.55-0.77)

0.63(0.52-0.72)

0.62(0.52-0.72)

0.61(0.51-0.72)

0.52(0.41-0.63)

.5 .6 .7 .8 .9 1
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was less strongly but still statistically significantly associated with mortality but
the area under the curve (0.62) suggests it may be of limited use to predict mor-
tality in COPD patients. Although direct comparisons of the predictive proper-
ties of exercise tests are scarce, the current body of evidence suggests that the
simpler STS test and the Six-minute walk or incremental exercise tests can be
used to predict outcomes in COPD.
In most practice settings, exercise tests are uncommonly performed in COPD
patients because these tests require equipment, space and trained staff. In addi-
tion, reimbursement for the Six-minute walk test is not always guaranteed. We
believe that the STS test offers an attractive alternative. The STS test, which,
according to our protocol, lasts one minute, appears to measure similar aspects
of exercise capacity as the Six-minute walk test 8, 9. It may also be responsive to
change 18. Its simplicity makes it an ideal test for primary but also for acute care
settings 19. The handgrip strength test requires a handgrip dynamometer (one
time investment of about $300) but it is very simple to perform and most, in our
study all, patients are able to perform the test. But we think that this test alone
is not sufficient to inform patients and physicians about exercise capacity because
it does not test large or multiple muscles as do other tests, which is likely the
reason for not being a strong predictor of prognosis. But handgrip strength
might serve as a first test to identify patients with low upper limb strength who
may then undergo more extensive testing of exercise capacity.

Some questions about the usefulness of the STS and handgrip strength tests
remain. We did not find a significant association of the two tests with exacerba-
tions. A possible reason is that patients in our cohort rarely experienced severe
exacerbations requiring hospital admission. Given the strong association of the
tests with mortality it is possible that in patients with more severe COPD who
suffer from severe exacerbations a significant association may exist. In the pre-
sent analyses the number of hospital admissions was too low to restrict the
analysis to severe exacerbations but as soon as more years of follow-up are avail-
able this or other studies should assess the association of the STS and handgrip
strength tests with severe exacerbations. Additional studies may also directly
compare the predictive properties of the STS and Six-minute walk test and
explore if the STS would be contribute as much to the BODE index as Six-minute
walk distance. Finally, the goal of our study was to assess the predictive proper-
ties of the STS and handgrip strength tests but we did not evaluate their proper-
ties when used as outcome measures. These simple tests may be used in random-
ized trials as additional outcome measures. However, before tests like the STS or
handgrip strength test are routinely used in trials their responsiveness to change
and minimal important difference need to be established as it has been done for
Six-minute walk distance 20.
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Strengths of this study include a carefully developed study protocol 11 that we
implemented successfully as illustrated by the completeness of data collection
and very low number of drop-outs. The large and broad cohort from primary
care is another strength and we think that our results are applicable to other
populations because our cohort is likely to reflect a typical primary care COPD
population. A limitation of this study is that we did not directly compare the pre-
dictive properties of the STS and handgrip strength test with those of the Six-
minute walk or other tests. We restricted our study to measurements that are fea-
sible in a primary care setting. Another limitation is that we did not ascertain
mild exacerbations, which we defined as worsening of symptoms that did not lead
to the prescription of antibiotics or systemic corticosteroids. At the design stage
of this cohort study we decided to focus on moderate to severe exacerbations
because of their great impact on the patients’ HRQL and prognosis and because a
central adjudication would be very challenging for mild exacerbations.

In conclusion, we found in this prospective cohort study of primary care COPD
patients that the STS test as a measure of exercise capacity is a strong predictor
of mortality and HRQL and may be an attractive option to assess exercise capac-
ity in COPD patients in both clinical practice and research. The availability of
such a simple test may close an important gap in the evaluation of the prognosis
of COPD patients across different settings.
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Abstract
Background

COPD exacerbations are often ascertained through patient self-reports. Their
accuracy is largely unknown. We evaluated the accuracy of COPD exacerbation
ascertainment through patient self-reports and single expert adjudication
against a reference standard of central event adjudication by a committee (AC).
We also assessed the impact of endpoint misclassification on treatment effect
estimates and sample size requirements.

Methods

We used an event-based definition of exacerbations. Exacerbations in 409 primary
care COPD patients participating in ICE COLD ERIC study over 3 years were ascer-
tained using 6-months follow-ups by patient self-reports and adjudication by
one experienced physician, which were compared to consensus classifications by
a central AC consisting of experienced physicians. We calculated sensitivities and
specificities to adjust a published treatment meta-analysis for outcome misclas-
sification. We delineated the consequences of AC deployment for sample size
requirements in future trials.

Results

The AC identified 648 exacerbations (241 patients [58.9%] with ≥ 1 exacerbation;
incidence rate 0.63 per patient-year). Sensitivity and specificity of patient self-
reports were 84% and 76%, those of single expert adjudication between 89-96%
and 87-99%. The pooled odds ratio in a meta-analysis of LABA versus placebo
changed from 0.81 (95% CI 0.75-0.88) to 0.65 (0.52-0.81) after correction for
misclassification. Avoiding exacerbation misclassification led up to 4-fold reduc-
tions in required sample sizes depending on the risk for exacerbations.

Conclusions

Patient-reports of exacerbations are only moderately accurate. This leads to underes-
timation of treatment effects. The use of several data sources with event adjudica-
tion will substantially reduce sample size requirements and possibly cost of studies.
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Introduction

The accurate ascertainment of clinical endpoints is crucial to minimise endpoint
misclassification when estimating effects in observational studies and randomised
controlled trials (RCT). Because of concerns about misclassification of outcomes,
endpoint adjudication committees have become common, particularly in large
cardiovascular RCTs 1-3. The value of endpoint adjudication committees has
been debated recently because they require considerable efforts and because
some studies found no discrepancy between the effect estimates based on cen-
trally adjudicated endpoints or adjudications made by single investigators 4-6.
There is little evidence on when outcome adjudication committees are warranted
in studies with patients with chronic obstructive pulmonary disease (COPD).
Candidate outcomes for adjudication by a central committee in COPD studies
include cause-specific mortality and exacerbations. The TORCH and UPLIFT tri-
als 8 9 had adjudication committees for cause-specific mortality and found sub-
stantial disagreement between local investigators and adjudication committees.
COPD exacerbations have rarely been adjudicated centrally by blinded experts, 10

11 despite their importance as outcome measure 12-15. The assessment of exacer-
bations is challenging because of mimicking differential diagnoses (e.g. worsen-
ing of heart failure or pulmonary embolism), since the cause of the exacerba-
tions often cannot be determined and because several sources of information
(patient self-reports, patient charts, emergency healthcare visits) are needed to
avoid missing or misclassifying exacerbations.

Exacerbations are usually ascertained through patient self-reports or single physi-
cians who review the available information about a patient and make a judge-
ment about the occurrence of an exacerbation (expert adjudication). However,
little is known about the accuracy of these reports. Non-differential misclassifi-
cation of exacerbations, i.e. misclassification that is independent of treatment
assignment or some other exposure generally leads to underestimation of treat-
ment effects 16. In addition, the required sample sizes are substantially larger if
observed treatment effects are smaller than the true effects (i.e. without mis-
classification). Our aim was to evaluate the accuracy of the ascertainment of
COPD exacerbations through patient self-reports and single physician adjudica-
tion against a reference standard of a central adjudication committee and to
assess the implications of endpoint misclassification on treatment effect esti-
mates and sample size requirements.

Methods
Study design and population

This study was nested within the prospective ICE COLD ERIC cohort study and
comprised a time period of 3 years; from 1 year before baseline assessment until

131

Accuracy of different methods to ascertain COPD exacerbations

• Boekje Lara_Pro-Press_Basis Boekje  11-07-14  12:32  Page 131

        



2 years after baseline assessment. ICE COLD ERIC is an international multi-site
prospective cohort study where 409 primary care patients (≥ 40 years of age)
from the Netherlands (n=258) and Switzerland (n=151) with COPD as deter-
mined by a ratio of postbronchodilator FEV1/FVC<0.7 and a postbronchodilator
FEV1 below 80% predicted were included. At inclusion all patients had been free
of exacerbations for ≥ 4 weeks. Exclusion criteria were a life expectancy of ≤ 12
months, dementia, psychosis or other psychiatric morbidity that might have
invalidated assessment of patient-reported measures. Patients were enrolled
between April 2008 and August 2009. All included patients have provided writ-
ten informed consent. The study has been approved of by all local ethics com-
mittees and is registered on www.ClinicalTrials.gov (NCT00706602). Detailed
information on the study design 17 and results 18 19 were published elsewhere.

Definition of exacerbations

We used an event-based definition of exacerbations that required 1) an unsched-
uled physician contact in a hospital, in private practice or by telephone for
worsening of dyspnoea, cough, increased sputum production and/or a change in
sputum colour AND 2) an electronic or hand-written documentation in the
patient record of a new prescription or a dosage increase of systemic steroids
and/or new prescription of an antibiotic 17 20.

Ascertainment of exacerbations

We used two different methods to ascertain exacerbations: 1) through patient self-
reports and 2) through detailed review of patient charts and study case report
forms for exacerbations by experienced physicians. We paid much attention to
have identical protocols for adjudicating exacerbations in Switzerland and the
Netherlands.
Experienced study nurses contacted patients to ask about exacerbations (in patient
friendly language) every 6 months by telephone interview and, at baseline and 2
years follow-ups, by face-to-face interviews. The study nurses avoided the term

“exacerbation” because patients often do not understand the term but carefully
asked for unscheduled contacts with physicians or hospitalisations due to wors-
ening of symptoms (shortness of breath, sputum and/or cough) and for new pre-
scription or dosage increases of systemic steroids and/or new prescription of
antibiotics.
Seven experts, experienced pulmonologists and general practitioners with expe-
rience in the pulmonary field, independently reviewed the patient charts from
the general practitioners and the case report forms for exacerbations. The experts,
each on his or her own, decided about the occurrence of exacerbations, date of
onset and treatment setting (at home, in hospital). The onset of an exacerbation
was determined as the date of prescription or dosage increase of the drug and,
for patients with self-medication, the date when the first pill was taken. To dis-
tinguish between new exacerbations and slow-to-resolve ones or relapses from
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previous exacerbations, an interval of at least one month was required between
the start of subsequent exacerbations.

Adjudication committee

The aim of the adjudication committee meetings was to reach consensus by the
experts on final classifications of the patients’ exacerbations. The meetings were
organised by study staff who did, however, not participate in the discussion nor
had any influence on the decisions made. Based on the individual expert deci-
sions (see above) and re-review of patient charts and case report forms if neces-
sary, the expert committee discussed their individual decisions for those
instances where individual decisions were discrepant and reached a consensus
on exacerbations for each patient. The adjudication process was piloted in
March 2011. Three adjudication committee meetings were held, one in
Switzerland (3 Swiss experts, September 2011) and two in the Netherlands (4
Dutch experts, November and December 2011).

Statistical analysis and re-estimation of clinical treatment effects

We tabulated the total number of patients’ self-reported exacerbations per patient
against the total number of adjudicated exacerbations per patient (defined as
reference standard) to illustrate agreement. We determined the percentage of
over-reporting and under-reporting of exacerbations by patients. As measures of
accuracy, we calculated sensitivity (proportion of patients with ≥ 1 exacerba-
tions correctly identified by the test method, i.e. true positives) and specificity
(proportion of patients with 0 exacerbation correctly identified by the test
method, i.e. true negatives) of patient self-reports compared to centrally adjudi-
cated exacerbations. We further calculated sensitivity and specificity of single
expert judgements compared to centrally adjudicated exacerbations.
To demonstrate the implication of exacerbation misclassification on effect esti-
mates, we repeated a recent meta-analysis on long-acting beta-agonists (LABA)
as first-line maintenance therapy vs. placebo for patients with moderate or more
severe COPD 21 without and with correction for non-differential misclassifica-
tion (i.e. we assumed that misclassification was the same for the patients with
LABA or placebo). We used the logitem command in Stata (that considers the
sensitivity and specificity of measuring the outcome, here exacerbations). We
considered the treatment effect estimates (Odds Ratio [OR]) from that meta-
analysis of RCTs that used an event-based definition for moderate or severe
exacerbations according to the ATS/ERS Task Force 20. Finally, we estimated
sample size requirements for randomised trials that use patient self-reports (OR
for uncorrected treatment effect estimate) or adjudication by a consensus com-
mittee (OR for corrected treatment effect estimate) to ascertain exacerbations
(sampsi command in Stata) 22. For all sample size calculations, we assumed a
power of 80% and a significance level of 5% (two-sided). We conducted all analy-
ses using Stata for Windows (version 12.0, College Station, Tx).
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Table 7.1 Total number of exacerbations per patient: patient self-reports com-
pared to adjudicated exacerbations by an adjudication committee
(reference standard)

*Dark grey shaded cells: number of correct self-reported exacerbations. E.g. see “Total num-
ber of exacerbations per patient, adjudicated in AC”, column “1 exacerbation”: 40 patients
reported correctly that they had 1 exacerbation, 24 patients under-reported their exacerba-
tions (they reported no exacerbation while they had 1 according to the adjudication committee),
37 patients over-reported their exacerbations (reported they had >1 exacerbations while they
had 1 according to the adjudication committee)
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Table 7.2 Sensitivities and specificities of patient self-reports and single experts’
judgements compared to centrally adjudicated exacerbations by an
adjudication committee (reference standard) (n=409)

Source*) Number of patients Sensitivity (%)† Specificity (%)†

Patient self-reports 409 84.2 75.6

Expert 1 CH 151 88.8 94.4
Expert 2 CH 151 93.8 97.2
Expert 3 CH 151 91.3 98.6
Expert 1 NL 258 94.4 96.9
Expert 2 NL 257 95.0 86.6
Expert 3 NL 258 96.3 94.8
Expert 4 NL 258 90.7 96.9

*CH=Switzerland; NL=The Netherlands
†Exacerbations categorised: no exacerbation vs. ≥ 1 exacerbation

Results
Patient characteristics and exacerbations

57.5% (233/409) of the patients were male. Their mean age was 67.3 (SD 10.0)
years, FEV1 in % predicted 55.4 (SD 16.6) and MRC score 1.9 (SD 1.5). 261
(63.8%) patients were classified in GOLD stage II, 89 (21.8%) in GOLD stage III
and 59 (14.4%) in GOLD stage IV.
In total, for the 409 patients, over 3 years, the adjudication committee identified
648 exacerbations; 241/409 patients (58.9%) suffered from at least 1 exacerba-
tion, 168/409 patients (41.1%) had no exacerbation. The length of follow-up
was 2.78 years (SD=0.57), total person-years of follow-up was 1135.7 (SE=11.5)
and the incidence rate was 0.63 exacerbations/patient-year (SD=0.91). 94%
(n=606) of the exacerbations were treated at home, 6% (n=38) in a hospital set-
ting and in 4 exacerbations the setting was unclear.
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Agreement between patient self-reports and single expert judgements
with adjudicated exacerbations by an adjudication committee (referen-
ce standard).

Table 7.1 shows the total number of exacerbations per patient as assessed by patient
self-reports compared to the total number of centrally adjudicated exacerbations.
48% (196/409) of the patients correctly reported on the total number of exacer-
bations; the majority of them (127/196; 65%) had had no exacerbations during
the studied period. More patients over-reported exacerbations than under-
reported exacerbations (139/409, 34% vs. 74/409, 18%) (Table 7.1). Thus there
was more false positive than false negative misclassification.

Using the centrally adjudicated exacerbations as a reference standard, patient self-
reports of exacerbations achieved a sensitivity of 84% and a specificity of 76%. Simi-
larly, exacerbation adjudication by single experts (7 individual experts) had sensi-
tivities ranging from 89 to 96% and specificities ranging from 87 to 99% (Table 7.2).

Meta-analysis of randomised trials on LABA vs. placebo without and
with correction for misclassification of exacerbations

In 9 of 16 RCTs (56%) included in the meta-analysis of Wang 21 patient self-reports
of exacerbations were explicitly reported, while the method of exacerbation
ascertainment was not reported in 7 trials (44%) but assumed to be patient
reported. None of the trials used an adjudication committee.
Figure 7.1 shows the meta-analyses of trials assessing the effects of LABAs vs.
placebo on exacerbations. When we corrected for misclassification of exacerba-
tions by considering a sensitivity of 84% and a specificity of 76% of patient self-
reports, the pooled OR changed from 0.81 (95% CI 0.75-0.88) to 0.65 (0.52-0.81).

Sample size requirements for randomised trials using patient self-
reports and consensus committee adjudication for exacerbations

We performed sample size calculations for three hypothetical RCTs that would
enrol patients at low (arbitrarily set 10% for illustration), moderate (30%) or
high (50%) risk for exacerbations over the course of one year. Figure 7.2 shows
the sample size requirements for trials without an adjudication committee com-
parable to those included in the recent meta-analysis. For COPD populations at
low, moderate and high risk the required number of patients to detect an OR of
0.81 with 80% power would range from 1458 to 4399 per trial arm. Instead, if
misclassification were minimised through an adjudication committee, a true OR
of 0.65 could be expected and sample size requirements would range from 363 to
1189 per trial arm. Thus minimising misclassification would reduce sample size
requirements by around 4-fold depending on the particular risk for exacerbations
in the study population at issue.
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Figure 7.1 Re-estimation of meta-analysis of trials assessing the effectiveness of
long-acting bronchodilators vs. placebo with exacerbations as the outcome
Corrected for misclassification by considering sensitivity 84% and specificity of 76% of
patient self-reports of exacerbation; same misclassification assumed for patients with
LABA or placebo*

Figure 7.2 Difference in sample size requirements with and without an adjudication
committee for COPD exacerbations, the example of LABA vs. placebo
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Discussion

Our study showed that COPD exacerbations as measured by patient self-reports
are only moderately accurate. The assessments of comprehensive patient infor-
mation from several data sources by single experts were more accurate than
patient self-reports. The recalculation of a recent meta-analysis on LABA vs.
placebo showed that effect estimates are substantially larger when corrected for
misclassification of patient-reported exacerbations. The use of adjudication
committees may greatly reduce sample size requirements for RCTs.
Patients tended to over-report on exacerbations. During the adjudication com-
mittee meetings, we learned that a major reason for over-reporting was that
patients remembered physician encounters or hospitals visits but that these
were often unrelated to COPD exacerbations. For example, patients received
antibiotics or were admitted to hospitals because of urinary tract infection or
injuries such as a broken leg. These events were clearly documented in the
patient charts of general practitioners, who usually receive reports from hospi-
tals or from other physicians if treatment did not occur at the general practi-
tioner. The use of such data sources highlights the advantage of going beyond
single sources like patient self-reports for outcomes that are difficult to ascer-
tain. Some misclassifications concerned differential diagnoses like pulmonary
embolism and some over-reporting occurred because patients referred to new
exacerbations whereas the adjudication committee did not classify them as new
but as slow recoveries from previous exacerbations.

Little is known about the accuracy of patient self-reports and single physician
judgements, the two most common methods to ascertain COPD exacerbations.
Aaron et al. (2008) 10 compared exacerbations assessed by a patient symptom
questionnaire in the Canadian Optimal Therapy of COPD Trial 23 against a
blinded adjudication committee who was provided with relevant patient records.
That study also showed over-reporting of patient-reported exacerbations, which
would have been missed without adjudication. A recently published study
regarding physical activity and risk of moderate and severe exacerbations and
COPD-related hospitalisations used medical records and two blinded investiga-
tors to verify patient reports on exacerbations but did not report on agreement
of expert adjudication with patient self-reports 11.
Investigators of the Women’s Health Initiative trial looked at the sensitivity to
ascertain cardiovascular events. They found that the sensitivity of patient self-
reports, compared against single expert assessment, was highly dependent on the
type of outcome. The sensitivities of self-reported events like angina, peripheral
vascular disease and congestive heart failure (38-49%) were substantially lower
than for hard endpoints like coronary bypass surgery or angioplasty (84-90%).
The accuracy of single expert judgements compared to central adjudication was
higher, with sensitivities and specificities similar to those observed in our study 7.
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The current evidence suggests that the value of adjudication committees depends
on the type of outcome. COPD exacerbations, episodes of angina (coronary heart
disease) and other symptom-based events are rather “soft” outcomes that are diffi-
cult to define and to measure. Therefore, they are more prone to misclassification
than more clearly defined events like surgery. Given the importance of symptom-
based events as outcomes in RCTs, our study suggests that it may be well worth-
while to employ a central adjudication for "soft" events or at least an assessment
by single experts. A prerequisite for adjudication is, however, that information
about potential events is available from several data sources like patient reports,
patient records of hospitals or GP practices and study-specific case report forms.

Our study also shows that adjudication may pay off substantially in terms of
feasibility and cost of RCTs and observational studies. Non-differential misclas-
sification of an outcome generally leads to underestimation of the true treat-
ment effect 24. While this is well appreciated in observational research, there
seems to be less awareness of this phenomenon in clinical trials. It is important
to recognise that inaccurate measurement of outcomes does not just reduce the
accuracy of effect estimates, but, more importantly, the validity of effect esti-
mates 16. Our study illustrates that effect estimates corrected for misclassifica-
tion can be substantially larger. As a consequence, adjudication may result in a
reduction of sample size requirement and cost. If central adjudication commit-
tees for exacerbations are impossible or infeasible to organize, adjudication by
single expert may be an attractive alternative because they are likely to be more
accurate than patient self-reports. As Figure 7.2 shows, the reduction in sample
size requirements depends much on the baseline risk for the outcome. Future
research should explore, for example using simulation, how to design and con-
duct RCTs and observational studies in the most efficient way depending on the
type of outcome, type of event ascertainment and adjudication, baseline risk of
the population, the cost per patient enrolled and the cost for ascertaining and
adjudicating events. As a result, investigators would be informed when and how
to organise event adjudication.

Strengths of the study include that our population represents a large and diverse
group of COPD patients recruited from primary care. Furthermore, we used a
clearly defined event based definition of exacerbations in the ICE COLD ERIC
cohort study. Exacerbations were assessed very carefully by experienced and
well trained study nurses who used patients’ language and who had regularly
contact with the patients during the study. Also the adjudication committees
were carefully conducted in a standardised way by experienced physicians to
ensure that events met pre-stated study definitions.

A limitation of our study is that even though we put great effort in the accurate
assessment and adjudication of exacerbations, we still may have missed or mis-
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classified some exacerbations. No standardised definition and measurement meth-
ods of exacerbations exist and different definitions may lead to different results 25 26.
We used an event-based definition that required not only documented worsen-
ing of symptoms but also a documented dosage increase or new prescription of
systemic corticosteroids and/or antibiotics. We therefore may have missed mild
exacerbations (as defined by an ATS/ERS Task Force 20) which involve an increase
in respiratory symptoms that can be controlled by an increase of the usual medica-
tion. Also, our time criterion of at least one month between single events to distin-
guish between separate exacerbations and relapses or continuation of previously
recorded exacerbations is arbitrary to some extent. We used this time interval
because recent data using the EXACT instrument showed that it often takes
patients weeks to recover from an exacerbation 27. Finally, the sensitivities and
specificities we provide for single experts may be somewhat inflated due to the fact
that these experts were members of the adjudication committee, thereby violating
the strict criterion that index test and reference standard have to be independent.

In conclusion, patient-reports of exacerbations are only moderately accurate and
are likely to lead to underestimation of treatment effects. The use of several data
sources with event adjudication by a committee or single experts could reduce
sample size requirements and cost of RCTs and observational studies substantially. 
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Introduction

Most patients with Chronic Obstructive Pulmonary Disease (COPD) are managed
almost completely in primary care. Health-related quality of life (HRQL) is one
of the most important outcomes from a patient’s perspective 1. At least up to
2008, there were no valid models predicting HRQL. These three observations were
taken into consideration in the development process of ICE COLD ERIC, an on-
going prospective cohort study on 409 primary care COPD patients from the
Netherlands and Switzerland (follow up from 2008 until 2014, still ongoing at the
time of writing) 2;3. The primary aim was to develop models to predict the course
of four separate domains of HRQL, dyspnoea, fatigue, emotional function and
mastery, as distinguished by the Chronic Respiratory Questionnaire (CRQ) 4;5.
Secondary aims were to develop models to predict exacerbations and mortality.

Currently, in 2014, only one single prediction model exists for prediction of COPD-
specific HRQL in COPD patients 6. Many existing prediction models focus on
mortality as outcome and were developed in secondary or even tertiary COPD
populations 7-21. The only model that predicts HRQL has limitations 6. First,
this Health-Activity-Dyspnoea-Obstruction (HADO) model was derived in men
and its applicability in women is uncertain. Second, HADO discriminated only
moderately between patients with different levels of HRQL, as measured by the
CRQ (R²=0.21). Third, it was not corrected for overoptimism nor has it been
externally validated yet. External validation has only been done for this HADO
model with regard to mortality outcomes, not to HRQL outcomes 22;23.

To enhance the use of prediction models in primary care settings, models must be
practical. First, the predictors must be available in these settings and second, the
collection of the predictors must be easy and fast, taking into consideration that a
GP or nurse practitioner will have around 10 to 30 minutes per patient.
Measurement of potentially important predictors and/or outcomes such as exer-
cise capacity, physical activity and exacerbations are challenging and usually diffi-
cult or impossible in primary care settings. The six-minute-walk-test (6MWT),
for example, is a familiar test to measure exercise capacity, however, infeasible in
most primary care settings. Simpler test have been developed that showed high
correlations with the 6MWT, such as the one-minute sit-to-stand-test (STST) and
the handgrip test 24;25. However, these simpler tests had not yet been tested on
their predictive properties. With regard to physical activity, precise measurement
is expensive and time-consuming and therefore unsuitable for primary care set-
tings 26. Several questionnaires have been developed for measuring physical activi-
ty but the majority have important limitations. Finally, COPD exacerbations are
often ascertained through patient self-reports although little is known about the
accuracy of this method. These were important issues to explore in order to even-
tually develop simple prediction models for use in primary care settings.
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Main findings

We found that COPD-specific domain-specific HRQL after 6 and 24 months in pri-
mary care COPD patients could be reasonably well predicted by the corresponding
domain-specific scores at baseline. These models could be improved by adding
between one to six other predictors to the strongest predictor, such as the
Hospital Anxiety and Depression Scale (HADS), the feeling thermometer (FT) and
the other domain-specific CRQ scores. All information necessary for the predictor
variables can be easily collected in current primary care settings. The predictions
were close to the average observed values and within limits demarcated by the
minimal important difference of 0.5 27. This indicates good calibration. Explained
variances were high and above 0.4 with the exception of mastery whereas, for
example, the HADO score showed an explained variance of 0.21 6.
We also found that simple tests for measuring exercise capacity, such as the one-
minute STST and the handgrip strength test, are strongly associated with mortali-
ty, significantly associated with HRQL and not associated with exacerbations.
With regard to measuring physical activity, we found that the practical Longi-
tudinal Ageing Study Amsterdam Physical Activity (PA) Questionnaire (LAPAQ)
was unsuitable for exact measurement of PA in older adults in comparison with
a triaxial accelerometer. However, it may be used to determine if the PA level of
a certain person is above the recommended level.
With regard to measuring exacerbations, we found that the common way of mea-
suring exacerbations by patient’s self-report is only moderately accurate, when
compared to central event adjudication by a committee. 48% of the patients cor-
rectly reported on the total number of exacerbations. More patients over-report-
ed than under-reported their exacerbations, 34% versus 18%. Single expert adju-
dication, meaning that one expert adjudicates the exacerbation, also turned out
to be more accurate than patients’ self-report.

Methodological considerations
Generalizability

Our population consists mostly of patients with moderate COPD; the majority
had a GOLD stage 2 (66%) or GOLD stage A (41%) at baseline, had mild to mod-
erate dyspnoea (65% has MRC score ≤ 2) and had no exacerbation in the year
before inclusion (67%). Most other COPD cohorts, such as -the ECLIPSE-
(Evaluation of COPD Longitudinally to Identify Predictive Surrogate Endpoints)
and -the INSPIRE- (Investigating New Standards for Prophylaxis In Reducing
Exacerbations) cohorts consist of more severe COPD patients 28;29. In both these
cohorts, the majority had a GOLD stage 3 and had one or more exacerbations in
the previous year. These studies included more severe COPD patients than the
ICE COLD ERIC study, which can be explained by differences in setting and in-
clusion criteria. By developing our models in a population derived from primary
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care, we hope to avoid validation issues for use of the models in primary care. Often,
prediction models perform very well in the dataset in which they have been
developed. But when applied to new patients or other populations, predictive
performance may be less. It is possible to (partly) correct for this so-called
overoptimism by, for example, using repeated bootstrap resampling. In every
bootstrap sample, a new dataset from the original dataset is constructed in
which a new model is built following the same procedure as for the original
model. In our analysis, we computed an estimate of overoptimism as the average
difference between the performance in the bootstrap samples and the perfor-
mance in the original sample. This overoptimism was averaged over ten data
sets (constructed to deal with missing values) and subtracted from the original
explained variance to obtain an overoptimism-corrected performance measure 30.

Primary care focus

The primary aim of our study was to develop models to predict HRQL in primary
care practice. To enhance the use in primary care, the models must consist of pre-
dictors easily collectable in primary care settings, unlike, for example, the 6-minute-
walk-test for exercise capacity testing. Our candidate predictors were specifically
selected on their availability and practicality in current primary care settings. For
exercise capacity testing, for example, we chose to use the one-minute sit-to-
stand-test, which only requires a watch and a chair. It is a simple test that any GP
is able to use and it only takes 2 minutes (1 minute of explaining and 1 minute of
actual testing). In the ICE COLD ERIC cohort, we found that this test as a mea-
sure of exercise capacity was strongly associated with mortality and significantly
associated with HRQL 31. We believe that this test is an attractive alternative to
the 6MWT, which requires both more time and space.
With regard to predictor selection and model fitting, we used penalized linear
regression (“least absolute shrinkage and selection operator” (lasso)) 32. This
technique enabled us to shrink regression coefficients in order to obtain more
parsimonious models. In this context parsimony means: the fewer predictors
the better, while maintaining good predictive performance. Again for practicali-
ty reasons, we simplified the potential application of the prediction models by
creating nomograms, although, arguably, the use of internet or smartphone
applications would still be better.

Missing data

With regard to missing data and loss-to-follow-up percentages, our cohort also
differs from other COPD cohorts from the literature. High percentages of loss-
to-follow-up are frequently seen in COPD cohort studies. In the ICE COLD
ERIC cohort, the percentage of loss-to-follow-up was low compared to other
cohorts; 4.6% compared to for example 26% in the INSPIRE cohort, both after 2
years of follow-up. Our study nurses tried to keep close contact with the
patients and they did their absolute best to reach the patients for the follow-up
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measurements, for example, calling in the evening time in case patients had full
time jobs. Patients also received Christmas cards every year and regular updates of
the study. In our study, the loss-to-follow up percentage in Switzerland was es-
pecially low after 2 years (1% versus 5% for the Netherlands) probably because all
measurements were performed by the same study nurse from the beginning of the
study until the end. In the Netherlands, several study nurses were needed to col-
lect all measurements. Even now, in 2014, after almost 5 years of follow-up, the
loss-to-follow-up percentages are still relatively low: 7% for Switzerland versus
30% for the Netherlands. For the total cohort, the loss-to-follow-up percentage
after 5 years is 21%.

Implications for clinical practice
Prediction models

Our models can be used in clinical practice to inform patients about their expected
HRQL. The expected change of overall and domain-specific HRQL (4 domains:
dyspnoea, fatigue, emotional function and mastery) within the next 6 or 24
months can be predicted. Since all predictors are available in primary care, any
GP or nurse practitioner can use the models. Depending on the outcome per
HRQL-domain, GPs and patients can discuss and prioritize different possible
treatment actions in a shared decision-making context where feasible.

Figure 8.1. Nomogram for CRQ dyspnoea outcome at 6 months
FEV1=Forced Expiratory Volume in one second, FT=Feeling Thermometer, CRQ=Chronic
Respiratory Questionnaire
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For example, to predict dyspnoea in 6 months, 4 predictors need to be collected,
see Figure 8.1;
1. Forced expiratory volume in one second, % of predicted (FEV1%)
2. The patient’s score on the FT
3. The patient’s CRQ score for dyspnoea
4. The patient’s CRQ score for fatigue.

Ad 1. To obtain FEV1%, spirometry needs to be performed after bronchodilation.
From these 4 predictors, this will be the most time-consuming; spirometry is
estimated to take 30 minutes at most. Nevertheless, we don’t see this time-con-
suming measurement as an obstacle for using this model since spirometry is
usually performed on a regular basis (e.g. annually) in COPD patients.

Ad 2. The score on the FT needs to be collected. The FT is a visual analogue scale
presented as a thermometer with 100 marked intervals 33;34. The worst score is 0
(=dead) and the best score is 100 (=perfect health) to reflect how patients have felt
in the previous seven days. This measurement won’t take more than 1 or 2 minutes.

Ad 3. The CRQ dyspnoea score is needed. This score is a summary of 5 questions
of the CRQ, which will take 2-3 minutes to collect (question 1-5). Patients
answer each question on a seven-point scale to express their degree of disability
from 1 (maximum impairment) to 7 (no impairment).

Ad 4. Finally, the CRQ fatigue score is needed, which is a summary of 4 ques-
tions of the CRQ (question 8, 11, 15, 17). This will take another 2-3 minutes.

In summary, assuming that spirometry will be performed anyway, it takes less
than 10 minutes to be able to predict the CRQ dyspnoea domain in 6 months.

Patient 1, example: Patient 1 feels quite stable over the last few months and she
does not present any more COPD-related symptoms than usual. She visits the
practice for her annual follow-up visit. Spirometry is performed, FEV1% of pre-
dicted is 40. The other scores are as follows: FT=60, CRQ-dyspnoea score =5
and CRQ-fatigue score=3.
This results in a predicted dyspnoea score of 4.65 in 6 months, a decline of 5-4.65
=0.35. This decline is less than 0.5, and interpreted as having no clinical impor-
tance 27.
See figure 8.2 for explanation of deriving this score.

Probably, this patient and her GP will discuss together to keep the treatment as
it is, with regard to her dyspnoea. Additionally, it may be important to check
the other domains as well using the other models in the same way.
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Figure 8.2. Example of using the nomogram
From each predictor scale, draw a vertical line up through the points scale (upper scale) and
sum all points, Next, fill in the sum value in the total points scale, draw a vertical line through
the outcome variable (here dyspnoea at 6 months) and read off the predicted outcome

Patient 2 example, part 1: Patient 2 feels quite stable over the last few months and
he does not present any more COPD-related symptoms than usual. He visits the
practice for his annual follow-up visit. Spirometry is performed, FEV1% of pre-
dicted is 60. The other scores are as follows: FT=50, CRQ-dyspnoea score=6.0
and CRQ-fatigue score=4.5.
This results in a predicted dyspnoea score of 5.5 in 6 months, a decline of 6-5.5 =0.5,
which is interpreted as clinically important 27. Probably, this patient and his GP
will discuss ways to prevent this predicted decline in dyspnoea and they will
seek for appropriate treatment. Additionally, it may be important to check the
other domains as well using the other models in the same way to be able to pri-
oritize different possible treatment actions.

Treatment options in relation to HRQL

Pulmonary rehabilitation has a beneficial effect on all domains of HRQL, and on
dyspnoea in particular, even in patients with mild disease 35-38. According to
Lacasse, on average, pulmonary rehabilitation improves the CRQ dyspnoea score
by more than 1 point, clearly exceeding the minimal important difference of 0.5 36,
using the following definition of pulmonary rehabilitation: ‘any inpatient, outpa-
tient, or home-based rehabilitation program of at least four weeks duration that
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included exercise therapy with or without any form of education and/or psycholo-
gical support delivered to patients with exercise limitation attributable to COPD’.
Our models can be used in practice to show patients their expected course on (dif-
ferent domains of their) HRQL. In case of an expected decline in one or more
domains, they may assist the physician and patient to discuss and prioritize treat-
ment decisions. In our example patient 2, the option of a pulmonary rehabilitation
program may be discussed to prevent the expected decline in the dyspnoea domain.

Compared to other, more commonly prescribed, treatments such as inhaled bron-
chodilators and inhaled corticosteroids (ICS), pulmonary rehabilitation
improves HRQL more 36.
ICS, long-acting beta-agonists (LABA) and tiotropium improve HRQL more than
placebo, although the potential benefits of ICS should be balanced against
potential side effects, such as an increased risk of pneumonia 39-44. Till now, no
relevant improvements in HRQL are seen for combined ICS/LABA versus ICS
alone 45, combined ICS/LABA versus LABA alone 46 or combined ICS/LABA ver-
sus tiotropium 47. No clinically significant or relevant improvements in HRQL
were found comparing ipratropium versus LABA or SABA (short-acting beta-
agonists) or a combination of ipratropium/SABA 48;49. LABA combined with
ipratropium or tiotropium seems to be superior to LABA or tiotropium alone in
relation to HRQL, but differences were small and inconsistent 50;51. Although
not on mortality, there was a significant benefit of lung volume reduction
surgery in COPD patients with diffuse emphysema on HRQL, exercise capacity
and lung function 52. Self-management as part of integrated disease management
improved HRQL 53 but no other reviews could be found on self-management,
nor on the effect of oxygen therapy on HRQL.

Patient 2 example, part 2: Since the expected decline in the dyspnoea domain, patient
2 and his GP discussed the situation and decided to follow a pulmonary rehabilita-
tion program. After 6 weeks, directly after the rehabilitation program, the
patient’s CRQ dyspnoea score was improved, 6.5 (versus 6.0 before the program).
Also the score on the FT was improved, 60 (versus 50 before the program). FEV1%
of predicted and CRQ fatigue score remained stable, 60 and 4.5 respectively.
Incorporating these new scores into the prediction model (See Figure 8.1), predicted
CRQ dyspnoea in 6 months turned out to be 5.9. Before the rehabilitation program,
dyspnoea was predicted to decline from 6.0 to 5.5 in the next 6 months but after
the rehabilitation program, it was predicted to remain stable (6.0 versus 5.9).

Other implications for clinical practice

We found that the simple exercise capacity tests such as the STST and the hand-
grip strength test are associated with mortality and HRQL. Since other tests,
such as the 6MWT, are not available in primary care settings, these simple tests
could be an attractive alternative.
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Although the LAPAQ turned out to be unsuitable for exact measurement of PA in
older adults, it still may be used to determine if the PA level of a certain person
is above the recommended level. This could be enough in primary care settings
since GPs are able to identify those adults that need attention with regard to
stimulating being more physically active.
With regard to measuring exacerbations, we found that the use of central event
adjudication or even single expert adjudication is a better method than patients’
self-report. In case exacerbations are used as outcome to study treatment effects,
this could lead to misclassification. Since more patients over-reported exacerba-
tions than under-reported exacerbations, there was more false positive than
false negative misclassification, resulting in underestimation of treatment
effects. Adjudicating exacerbations can substantially minimise this type of out-
come event misclassification and reduce bias in estimates of treatment effects.
Adjudication of exacerbations could also considerably reduce sample size require-
ments and costs of randomised controlled trials and observational studies.

Implications for future research

We have developed prediction models to predict important domains of HRQL in
primary care COPD patients. For more dependable implementation of our mod-
els, external validation is needed. In the future, we intend to collaborate inter-
nationally with other COPD cohort studies and we intend to perform validation
studies, in which our models will be validated in other (primary care) COPD
populations. Assuming that they will perform well, we would like to incorpo-
rate treatment advices into the models by using data from randomized con-
trolled trials and meta-analyses in order to estimate how the prediction of
HRQL will change when adding treatments such as smoking cessation, pul-
monary rehabilitation or specific drugs. Finally, cost-effectiveness evaluation of
prediction models for HRQL in COPD should be performed to determine if it is
worth the effort incorporating these models into practice. After successful com-
pletion of these steps, our models may support treatment selection based on the
individual patient’s prognosis. Eventually, with regard to practicality, it would
be optimal to create internet and/or smartphone applications to further enhance
the use of the models.
Treatment decisions will be tailored better to the needs of the individual patient,
probably resulting in a more cost-effective management of COPD with less
unnecessary treatment prescriptions and a better COPD-specific HRQL.
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Chapter 1 is the introduction of this thesis. Worldwide, at least 210 million
patients are suffering from Chronic Obstructive Pulmonary Disease (COPD) and
the United Nations predict that it will be the third leading cause of death in 2019.
COPD is a leading cause of morbidity and mortality worldwide and results in a
still increasing economic and social burden. Most COPD patients are managed in
primary care. Health-related quality of life (HRQL) is one of the most important
outcomes from a patient’s perspective. Up to 2008, there was no valid model pre-
dicting HRQL yet. These observations were taken into consideration in the devel-
opment process of an International Collaborative Effort on Chronic Obstructive
Lung Disease: Exacerbations Risk Index Cohort, the ICE COLD ERIC study. The
aim was to develop models to predict HRQL (primary outcome) and exacerbations
and mortality (secondary outcomes) in primary care COPD patients.

Chapter 2 describes the design and objectives of the ICE COLD ERIC study. The
aim was to develop and validate models to predict HRQL (primary outcome) and
exacerbations and mortality (secondary outcomes) in primary care COPD patients.
HRQL was measured by the Chronic Respiratory Questionnaire (CRQ) that pro-
vides an overall score and four domain-specific scores on dyspnoea, fatigue, emo-
tional function and mastery. Two prospective cohort studies in Switzerland and
the Netherlands were linked following an almost identical protocol. All COPD
patients were identified through primary care physicians and the candidate pre-
dictors were purposively chosen for their current availability in primary care set-
tings in developed countries. All candidate predictors were specifically selected on
the basis of their likely predictive capabilities and practicality in primary care. For
example, a commonly used predictor such as the six-minute-walking-test, which
is hardly available in primary care, was not selected as a candidate predictor.
The models are intended to be practical for use in primary care practice and serve
to inform patients and doctors about the future course of disease. They may
show patients the expected course of their HRQL in its four domains and in case
of an important expected decline, it may help the doctor and patient to collabo-
ratively prioritize particular treatments. 

The baseline characteristics of the cohort, 409 primary care COPD patients from
the Netherlands and Switzerland, are described in detail in Chapter 3.
Recruitment started in 2008 and follow-up will end in 2014, after five years for
each patient. The only exclusion criteria were an expected life expectancy of less
than 12 months and psychiatric comorbidity that might invalidate patient-
reported measurements. The cohort represents a wide range of disease severities
and the prevalence of multimorbidity is high. The majority of patients (66%) have
moderate COPD (GOLD 2). 25% have severe (GOLD 3) and 9% very severe (GOLD
4) COPD. Mean age was 67, 57% were male and 38% were current smokers at the
time of inclusion. 76% had at least one and 40% had two or more comorbidities
with cardiovascular disease and depression being the most prevalent ones.
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In Chapter 4, the prediction models for overall and domain-specific HRQL are
shown as well as the statistical approach. Ten models have been developed; pre-
diction of overall HRQL, dyspnoea, fatigue, emotional function and mastery, all
for 6 months and 24 months. Former HRQL scores turned out to be the best pre-
dictor for future HRQL. Asking patients explicitly about dyspnoea, fatigue,
depression and how they cope with COPD provides important additional infor-
mation about future HRQL while FEV1 or other commonly used predictors, such
as exercise capacity, add little to the prediction of HRQL. To enhance the use in
primary care settings, we have developed nomograms for each outcome.

In Chapter 5 we validated a questionnaire that was used in our study to assess
physical activity, the self-administered Longitudinal Ageing Study Amsterdam
Physical Activity Questionnaire (LAPAQ). Assessing physical activity is diffi-
cult. Several questionnaires have been developed but all have their limitations.
Important and practical advantages of the LAPAQ are the inclusion of house-
hold activities and walking and bicycling for transportation purposes, main
activity types performed by older adults, and it being a self-administered ques-
tionnaire. However, it had not been properly validated. We have examined the
validity and reproducibility of the LAPAQ using a modern triaxial accelerometer
as validation instrument. We found that LAPAQ underestimated the amount of
physical activity and turned out to be unsuitable for exact measurement of
physical activity in older adults. However, it could be useful for identifying
patients whose physical activity level is above the recommended level.

In Chapter 6 the predictive performance of the one-minute sit-to-stand test and
the handgrip test, both exercise tests used in our study, was assessed. It was
already known that these simpler tests had reproducible results in older adults
and high correlations with the familiar but more complicated six-minute-walk-
ing-test. But no studies could be found on associations with clinical outcomes.
It turned out that both tests were strongly associated with mortality, signifi-
cantly associated with HRQL and not associated with exacerbations. Both tests
can be easily implemented across primary care settings, unlike the more familiar
six-minute-walking-test.

Chapter 7 focusses on the accuracy of the assessment of exacerbations. The accu-
racy of the commonly used patient-reported measurement of exacerbations is
unknown. We evaluated the accuracy of COPD exacerbation ascertainment
through patient self-reports and single expert adjudication against a reference
standard of central event adjudication by a committee consisting of several experts.
We also assessed the impact of endpoint misclassification on treatment effect esti-
mates and sample size requirements. The commonly used patient-reported mea-
surement turned out to be only moderately accurate. The use of a single expert or
an expert committee is a better method to measure exacerbations. In case exacer-
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bations are used as outcome to study treatment effects, using the patient-reported
method could lead to misclassification. We found more over-reporting than under-
reporting, thus more false positive than false negative misclassification, resulting
in potential underestimation of treatment effects. Use of an adjudication commit-
tee or even a single expert turned out to be much more accurate and could substan-
tially reduce sample size requirements and the cost of studies.

Chapter 8 is the general discussion of this thesis. It contains a summary of the
main findings, some methodological considerations and implications for clinical
practice and further research. 
We found that previous HRQL was the best predictor in our models to predict
COPD-specific HRQL in primary care COPD patients. Asking patients explicitly
about dyspnoea, fatigue, depression and how they cope with COPD provides
additional important information about future HRQL while FEV1 or other com-
monly used predictors add little to the prediction of HRQL. Depending on the
outcome per HRQL-domain, GPs and patients can discuss and prioritize differ-
ent possible treatment actions in a shared decision-making context. 
We found that simple tests for measuring exercise capacity, such as the one-minute
sit-to-stand-test and the handgrip test, are strongly associated with mortality,
significantly associated with HRQL and not associated with exacerbations. Since
more complicated tests, such as the six-minute-walking-test, are usually not avail-
able in primary care settings, these simple tests could be an attractive alternative.
With regard to measuring physical activity, we found that the practical LAPAQ
was unsuitable for measurement of physical activity in older adults in compari-
son with a triaxial accelerometer. However, it may be used to determine if a per-
son’s level of physical activity is above the recommended level. 
With regard to measuring exacerbations, we found that the common way of mea-
suring exacerbations by patient’s self-report appears to be only moderately accu-
rate, when compared to central event adjudication by a committee. The misclassi-
fications involved could lead to considerable underestimation of treatment effects.
Therefore, these committees could also considerably reduce sample size require-
ments and cost of randomised controlled trials and observational studies.
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Wereldwijd hebben minstens 210 miljoen mensen Chronische Obstructieve Long
Ziekte (COPD) en de Verenigde Naties voorspellen dat COPD in 2019 de op twee
na meest voorkomende doodsoorzaak is. Nederland telt momenteel minstens
350.000 mensen met COPD en naar verwachting zal dit aantal de komende tien
jaar stijgen naar ruim 500.000. Jaarlijks overlijden in Nederland ruim 6.000 COPD
patiënten (bron: Longalliantie Nederland). COPD heeft een groot effect op het
leven van de patiënt, zijn directe omgeving en de maatschappij. De sociale en
economische impact is enorm. Door bijvoorbeeld klachten van kortademigheid
kunnen patiënten hun werk niet meer uitvoeren en sommigen mijden zelfs socia-
le contacten uit angst kortademig te worden en/of hoestaanvallen te krijgen.
Er is grote behoefte aan een praktisch predictiemodel voor de huisarts zodat in
een zo vroeg mogelijk stadium de juiste behandeling voor een patiënt gekozen
kan worden. Er bestaan een aantal predictiemodellen om bijvoorbeeld de 2- of 3-
jaars sterftekans te voorspellen bij COPD patiënten. Echter, vanuit het perspec-
tief van de patiënt is het voorspellen van het ziektebeloop in termen van ziekte-
gerelateerde kwaliteit van leven (KvL) waarschijnlijk belangrijker.  Daarnaast
worden predictiemodellen veelal ontwikkeld in een andere setting dan de eerste-
lijns setting (bijvoorbeeld ziekenhuis of revalidatiekliniek) waardoor deze
modellen ofwel verkeerde kansen leveren ofwel is onbekend hoe goed ze preste-
ren in een eerstelijns setting. Ook bevatten deze modellen veelal variabelen die
een huisarts niet voorhanden heeft waardoor hij/zij ze niet kan gebruiken, ter-
wijl toch het merendeel van de patiënten met COPD in de eerstelijn door hun
huisarts wordt behandeld. Tot op heden bestaat er nog geen valide model dat
deze KvL kan voorspellen. Bovenstaande overwegingen hebben geleid tot de ont-
wikkeling van een internationale prospectieve cohort studie met eerstelijns
COPD patiënten, de ICE COLD ERIC studie. In de eerste plaats is het doel van
deze studie het ontwikkelen van modellen die de KvL kunnen voorspellen voor
eerstelijns COPD patiënten, en in de tweede plaats is het doel het voorspellen
van exacerbaties en sterfte. Zoals het proefschrift laat zien kan een dergelijke
studie vaak ook licht werpen op andere, verwante zaken.

Hoofdstuk 2 beschrijft de methoden en doelen van de ICE COLD ERIC studie. Het
doel is het ontwikkelen en valideren van prognostische modellen die in de eerste
plaats COPD-gerelateerde KvL voorspellen en in de tweede plaats patiënt-speci-
fieke kansen op exacerbaties en sterfte (0,5, 2 en 4 jaar). De KvL wordt gemeten
met de Chronic Respiratory Questionnaire (CRQ), een vragenlijst die makkelijk
gebruikt kan worden in de huisartspraktijk. Deze vragenlijst geeft zowel een
totale score als een specifieke score op verschillende gebieden/domeinen van KvL.
Deze domeinen zijn: kortademigheid, vermoeidheid, emotionele beperkingen en
het gevoel het ziektebeloop te kunnen beïnvloeden en controle te behouden. Een
belangrijke overweging om per domein een voorspelling te doen is dat dit ook
per domein zou kunnen leiden tot verschillende therapeutische interventies. Een
te verwachten daling op het gebied van kortademigheid heeft mogelijk andere
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therapeutische consequenties dan een te verwachten daling met betrekking tot
de emotionele beperkingen.
Twee prospectieve cohort studies in Zwitserland en Nederland zijn met elkaar
verbonden via een identiek studieprotocol. Alle COPD patiënten zijn door hun
huisarts geïdentificeerd om mee te kunnen doen aan het onderzoek. Alle poten-
tiële variabelen voor de prognostische modellen zijn geselecteerd op basis van
hun praktische toepasbaarheid in de moderne huisartspraktijk, zoals bijvoorbeeld
in Zwitserland en Nederland. De 6-minuten-loop-test, een bekende en vaak
gebruikte prognostische test in een tweede/derdelijns setting is om die reden niet
geselecteerd als potentiële variabele voor onze modellen. De modellen dienen om
patiënten en (huis)artsen te informeren over het te verwachten beloop van de
ziekte met betrekking tot de COPD-gerelateerde KvL in de verschillende hierbo-
ven beschreven domeinen. In het geval van een te verwachten verandering op een
bepaald domein, kan het de patiënten en artsen helpen bij het nemen van besliss-
ingen omtrent bepaalde behandelingen en de prioriteiten daarin.

De karakteristieken van de cohorten, bestaande uit 409 eerstelijns COPD patiën-
ten uit Zwitserland en Nederland, zijn uitvoerig beschreven in Hoofdstuk 3. Het
onderzoek is gestart in 2008 en loopt nog door tot in 2014, zodat alle patiënten 5
jaar lang gevolgd zijn. De enige exclusie criteria voor deelname aan het onderzoek
waren een verwachte levensverwachting van minder dan twaalf maanden en psy-
chiatrische ziekten die metingen door middel van vragenlijsten onbetrouwbaar
zouden kunnen maken. Het is een gevarieërd cohort met veel bijkomende ziekte-
beelden, oftewel veel comorbiditeit (multimorbiditeit). Het merendeel van de
patiënten (66%) heeft matig ernstig COPD (GOLD klasse 2). Respectievelijk
heeft 25 % ernstig COPD (GOLD klasse 3) en 9% zeer ernstig COPD (GOLD klas-
se 4). Gemiddelde leeftijd was 67 jaar, 57% was man en 38% rookte nog. Drie
kwart had ten minste 1 en bijna de helft had 2 of meer bijkomende ziekten, waar-
van hart- en vaatziekten en depressie de meest voorkomende waren.

In Hoofdstuk 4 worden de prognostische modellen beschreven en hoe de KvL en
de verschillende domeinen te voorspellen zijn. Ook de statistische benaderingen en
analyses worden hier weergegeven. We hebben tien modellen ontwikkeld; voor-
spelling van de totale KvL, en de domeinen kortademigheid, vermoeidheid, emo-
tionele beperkingen en het vermogen om met de ziekte om te gaan, allen voor 6 en
24 maanden. Per domein bleek de voorgaande KvL score (ten tijde van inclusie in
het onderzoek, de zogenaamde baseline score) de sterkste voorspeller van toekom-
stige KvL. Patiënten vragen naar kortademigheid, vermoeidheid, emotionele
beperkingen en het gevoel het ziektebeloop te kunnen beïnvloeden en controle te
behouden geeft belangrijke imformatie betreffende toekomstige KvL terwijl vaak
gebruikte variabelen zoals longfunctiemeting en functionele capaciteit weinig toe-
gevoegde waarde bleken te hebben. Om het gebruik van deze modellen in de huis-
artspraktijk te bevorderen, hebben we nomogrammen gemaakt voor alle modellen.
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In Hoofdstuk 5 wordt het validatie-onderzoek beschreven van de vragenlijst, die
gebruikt is in de ICE COLD ERIC studie om fysieke activiteit te meten, namelijk
de Longitudinal Ageing Study Amsterdam Physical Activity Questionnaire
(LAPAQ). Het meten van fysieke activiteit is lastig en de reeds bestaande vra-
genlijsten hebben zo hun beperkingen. De LAPAQ is een bestaande vragenlijst
waarin veel voorkomende activiteiten voor ouderen, zoals bijvoorbeeld lopen en
fietsen (als transportmiddel) en huishoudelijke activiteiten, worden meegeno-
men. Een ander voordeel is dat de patiënt de lijst zelfstandig kan invullen.
Echter, deze bestaande vragenlijst was nog niet op de juiste manier gevalideerd.
Vandaar dat we een studie hebben opgezet om de LAPAQ te testen wat betreft
validiteit en test-hertest betrouwbaarheid. We hebben een drie-assige accelero-
meter gebruikt als referentie. De validiteit ten opzichte van dit referentieinstru-
ment bleek niet goed. De correlatie tussen de accelerometer en LAPAQ was 0.25
op een schaal van 0 (geen correlatie) en 1 (optimale correlatie). Een punt van
aandacht is dat de LAPAQ de hoeveelheid fysieke activiteit over het algemeen
onderschat met 510 minuten (=8,5 uur) in twee weken, wat neerkomt op 36
minuten per dag, en ongeschikt is om fysieke activiteit van ouderen nauwkeurig
vast te stellen. De test-hertest betrouwbaarheid bleek ruim voldoende te zijn.
Wel blijkt de LAPAQ redelijk goed te kunnen bepalen welke patiënten conform
internationale richtlijnen (American College of Sports Medicine en American
Heart Association) voldoende bewegen. Het instrument zou dan ook voor dit
doel ingezet kunnen worden.

In Hoofdstuk 6 onderzoeken we de relatie tussen onze praktische testen om func-
tionele capaciteit te meten met klinisch belangrijke uitkomstmaten, zoals KvL,
exacerbaties en sterfte. Wij gebruikten de 1-minuut durende zitten-en-opstaan-
test en een knijpkracht test om functionele capaciteit te meten in plaats van de
meer gangbare maar ingewikkeldere 6-minuten-looptest. Uit de literatuur was al
bekend dat deze meer praktische testen een hoge test-hertest betrouwbaarheid
hebben alsmede een sterke correlatie met de 6-minuten looptest. Wij konden
geen studies vinden over de relatie tussen deze praktische testen en klinisch
belangrijke uitkomstmaten. Uit ons onderzoek kwam naar voren dat zowel de
zitten-en-opstaan-test als de knijpkracht test een sterke relatie hebben met
sterfte. Ook hadden beide testen een relatie met KvL, echter niet met exacerba-
ties. Beide testen zijn praktisch uitvoerbaar in de huisartspraktijk en lijken daar-
mee een prima alternatief voor de gecompliceerdere 6-minuten looptest.

Hoofdstuk 7 richt zich op het meten van (het aantal) exacerbaties van COPD.
Wij hebben een exacerbatie als volgt gedefinieërd: “een ongepland contact met
een (huis)arts in verband met toename van kortademigheid, hoesten of ophoes-
ten van slijm (“sputum”) en/of een verandering van de kleur van het sputum
gevolgd door een recept voor corticosteroïden in pilvorm en/of antibiotica”.
Meestal worden deze gemeten door zelfrapportage van de patiënt, maar het is
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niet bekend in hoeverre deze methode valide en betrouwbaar is. Er is gekeken
naar de validiteit van de zelfrapportage  door de nauwkeurigheid van het meten
van exacerbaties via deze zelfrapportage te vergelijken met beoordeling door een
adjudicatie commissie, bestaande uit experts op dit gebied. We hebben ook geke-
ken naar de misclassificatie die hieruit voortvloeit. De veel gebruikte zelfrappor-
tage methode bleek niet erg valide. De beoordeling van exacerbaties door 1
expert is te prefereren en, zoals verwacht, bleek de beoordeling door meerdere
experts de beste methode om het aantal exacerbaties te meten. Soms worden
exacerbaties als uitkomstmaat gebruikt in studies die effecten van behandelin-
gen meten. Als dan zelfrapportage zou worden gebruikt, zal dat over het alge-
meen leiden tot een onderschatting van het effect van behandeling. In onze stu-
die vonden we door zelfrapportage vaker overschatting van exacerbaties dan
onderschatting, 34% versus 18%, dus meer fout-positieve dan fout-negatieve
misclassificatie. Extreme voorbeelden zijn een patiënt die zelf 14 exacerbaties
rapporteerde terwijl de adjudicatie commissie er slechts 4 telde en een patiënt
die er zelf 4 rapporteerde terwijl de commissie er 11 telde. 
Dit alles zou kunnen leiden tot onderschatting van het effect van de behande-
ling. Door één of meerdere experts de exacerbaties te laten beoordelen in plaats
van zelfrapportage door de patient als methode te gebruiken, worden de exacer-
baties nauwkeuriger gemeten, is er minder misclassificatie en zou het zelfs een
substantiële daling kunnen geven van de benodigde steekproefgrootte (sample
size) met een mogelijke bijkomende daling in de kosten van het onderzoek. 

Hoofdstuk 8 is de algehele discussie van het proefschrift. Hierin wordt een samen-
vatting gegeven van de belangrijkste resultaten en hun implicaties voor de praktijk
en toekomstig onderzoek. Ook worden een aantal methodologische overwegingen
van de studie beschreven. De belangrijkste resultaten nog een keer op een rijtje:
Voorgaande COPD-gerelateerde KvL scores bleken de sterkste voorspeller van toe-
komstige KvL. Bij patiënten informeren naar kortademigheid, vermoeidheid, emo-
tionele beperkingen en het gevoel het ziektebeloop te kunnen beïnvloeden en con-
trole te behouden geeft belangrijke informatie betreffende toekomstige KvL terwijl
vaak gebruikte indicatoren zoals longfunctiemeting en functionele capaciteit wei-
nig toegevoegde waarde bleken te hebben. Afhankelijk van de uitkomst per KvL
domein, kunnen huisartsen en patiënten het te verwachten beloop van de ziekte
bespreken en prioriteiten maken wat betreft de mogelijke behandelingen.
Simpelere manieren om functionele capaciteit te meten, zoals de 1 minuut durende
zitten-en-opstaan-test en de knijpkrachttest leken sterk gerelateerd met sterfte,
matig gerelateerd met KvL en niet met exacerbaties. De meer gecompliceerde
maar bekendere tests om functionele capaciteit te meten, zoals bijvoorbeeld de
6-minuten-looptest, is over het algemeen niet haalbaar in de huisartspraktijk.
De praktische 1 minuut durende zitten-en-opstaan-test en de knijpkracht test
lijken een prima alternatief.
Met betrekking tot het meten van fysieke activiteit, is naar voren gekomen dat de
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LAPAQ vragenlijst minder geschikt is om fysieke activiteit precies te meten bij
ouderen, in vergelijking met een accelerometer, gebruikt als referentiemethode.
Toch is de LAPAQ goed bruikbaar om die patiënten te selecteren die (niet) vol-
doen aan internationale richtlijnen voor voldoende bewegen.
Het is gebleken dat de meest gebruikte methode om het aantal exacerbaties te
meten, namelijk zelfrapportage door de patiënt, onvoldoende goed het aantal
exacerbaties kan meten in vergelijking met beoordeling door één of meerdere
expert(s). Het niet goed meten van exacerbaties kan leiden tot misclassificatie,
wat op zijn beurt weer kan leiden tot een onderschatting van een eventueel
effect van behandeling in wetenschappelijk onderzoek. Het raadplegen van een
adjudicatie commissie, bestaande uit experts die exacerbaties meten als uit-
komstmaat, zou een belangrijke bijdrage kunnen leveren aan wetenschappelijk
onderzoek alsmede mogelijk in het verlagen van de kosten ervan.
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Oral presentation in English (AMC, Amsterdam) 2009 22
Prognosis Research (Erasmus, Rotterdam) 2012 40
Advanced Analysis of Prognosis Studies (Erasmus, Rotterdam) 2012 40

Presentations

NHG Wetenschapsdag, Rotterdam, The Netherlands 2008 14
‘International Collaborative Effort on Chronic Obstructive
Lung Disease: Exacerbation Risk Index Cohorts’

WONCA International Conference, Istanbul, Turkey 2008 14
‘International Collaborative Effort on Chronic Obstructive
Lung Disease: Exacerbation Risk Index Cohorts’

CAHAG congres, Utrecht, The Netherlands 2009 14
‘International Collaborative Effort on Chronic Obstructive
Lung Disease: Exacerbation Risk Index Cohorts’

European Respiratory Society (ERS) International Conference, 2009 14
Amsterdam, The Netherlands

‘International Collaborative Effort on Chronic Obstructive 
Lung Disease: Exacerbation Risk Index Cohorts - 
Study protocol for an international COPD cohort study’

CAHAG congres, Utrecht, The Netherlands 2011 14
‘Characteristics of Dutch and Swiss primary care COPD patients 
Baseline data of the ICE COLD ERIC study’

International Primary Care Respiratory Group (IPCRG) 2012 14
International Conference, Edinburgh, United Kingdom

‘Design and baseline characteristics of ICE COLD ERIC’
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American Thoracic Society (ATS) International Conference, 2012 28
San Francisco, United States of America (2x)

‘Measuring arterial stiffness in COPD patients’
‘Arterial stiffness is associated with survival and 
health status in COPD patients’

CAHAG congres, Utrecht, The Netherlands 2013 14
‘Simple functional performance tests and mortality in COPD’

American Thoracic Society (ATS) International Conference, 2013 14
Philadelphia, United States of America

‘Prediction of health-related quality of life (HRQL) over 
time in patients with Chronic Obstructive Pulmonary 
Disease (COPD) in primary healthcare’

(Inter)national conferences

NHG Wetenschapsdag, Rotterdam, The Netherlands 2008 8

WONCA International Conference, Istanbul, Turkey 2008 24

CAHAG congres, Utrecht, The Netherlands 2009 8

European Respiratory Society (ERS) International Conference, 2009 24
Amsterdam, The Netherlands

CAHAG congres, Utrecht, The Netherlands 2011 8

International Primary Care Respiratory Group (IPCRG) 2012 24
International Conference, Edinburgh, United Kingdom

American Thoracic Society (ATS) International Conference, 2012 24
San Francisco, United States of America 

CAHAG congres, Utrecht, The Netherlands 2013 8

American Thoracic Society (ATS) International Conference, 2013 24
Philadelphia, United States of America

Awards

Travel Award, American Thoracic Society International Conference,
San Francisco, United States of America

Other

Journal Club 2008-2014 42

Tutoring/Mentoring

Mentoring scientific internship of Medical Student 2010 32

Total hours 540 hours
Total Workload (hours/28=ECTS): 540/28 = 19.3
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DANKWOORD

Als kind altijd al dokter willen worden, het liefst chirurg in Afrika, ik heb eigenlijk
nooit een andere toekomst overwogen. Gelukkig was dit ook niet nodig want,
hoewel het even spannend was, werd ik ingeloot voor geneeskunde in Amsterdam.
De studietijd was leuk, veel en hard gewerkt maar ook goed genoten van het
sociale leven, onbezorgd, en na zes jaar doctoraal op zak. In die tijd ook nog fan-
tastische en leerzame ervaringen opgedaan tijdens vrijwilligerswerk in Rusland
en stages in Indonesië en Tanzania.
In Tanzania, de laatste stage voor het doctoraal, ben ik verder gaan nadenken over
mijn toekomstige carrière. In Tanzania was het voor een groot deel de veelzijdig-
heid van het vak wat mij trok, er was daar een outpatient clinic waar alles binnen-
kwam, alle specialismen kwamen aan bod. Ik ben daarna als assistent chirurgie
gaan werken met veel plezier maar miste eigenlijk de veelzijdigheid, de continuï-
teit en het patiënt contact. Gelukkig was dit sommetje niet al te moeilijk: conti-
nuïteit + veelzijdigheid + patiënt contact = huisarts. 

Tijdens mijn eerste opleidingsjaar in Hoofddorp wist ik meteen dat ik de juiste
keuze had gemaakt. Aangemoedigd door mijn collega-haio Esther, werd ik
enthousiast gemaakt voor een promotietraject. Zij heeft me dan ook gewezen op
een vacature voor een longonderzoek binnen de huisartsafdeling en een goed
woordje gedaan bij de desbetreffende persoon. Ik werd aangenomen en in plaats
van aan mijn derde en laatste opleidingsjaar te beginnen, kwam ik als weten-
schappelijk groentje in het Ice Cold Eric team. Wat een leuk en gedreven team en
wat een kans om dit naast de huisartsopleiding te kunnen doen.

Ik heb het hele promotietraject met veel plezier en gelukkig weinig stress doorlopen.
Dit kon vanwege de fijne collegiale contacten binnen het team en op de afdeling
en in het bijzonder met mijn directe begeleiders. Er is altijd rekening gehouden
met mijn dubbelbaan, zowel binnen het onderzoeksteam als in de huisartsprak-
tijk. Alsof het allemaal nog niet druk genoeg was, was ik ondertussen ook moe-
der geworden.  Ook die baan kon er nog wel bij mede dankzij alle flexibiliteit
binnen het onderzoek en de praktijk.

Ik wil iedereen bedanken die ik ben tegengekomen in dit traject, die een bijdrage
heeft geleverd aan Ice Cold Eric en mijn boekje, die mij heeft gesteund en gemo-
tiveerd. Een aantal mensen wil ik in het bijzonder bedanken. 

Heel veel dank gaat natuurlijk uit naar de bereidwilligheid van alle patiënten om
met ons onderzoek mee te doen. Laten we voorop stellen dat er anders geen
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onderzoek mogelijk was geweest. Zelfs nu na een aantal jaren follow-up is er nog
steeds een grote bereidwilligheid mee te blijven werken wat enorm belangrijk is
voor het verdere vervolg van ons onderzoek. Ook alle huisartsen, praktijkassisten-
ten en praktijkondersteuners van gezondheidscentra Gein, Holendrecht, Reigersbos en
Venserpolder in Amsterdam Zuid-Oost en de Molenwiek, Oost en de Haak in Almere
wil ik bedanken voor hun medewerking en prettige samenwerking, alsmede ook
de patiënten en huisartspraktijken in Zwitserland.

Voor financiële steun wil ik bedanken het Longfonds, Stichting Astmabestrijding,
SBOH, de afdeling huisartsgeneeskunde van het AMC,  Swiss National Science
Foundation en Zurich Lung League. 

Zonder mijn directe begeleiders Gerben en Milo was er geen proefschrift geweest,
laat dat duidelijk zijn. Ik heb enorm veel van jullie geleerd en jullie enthousias-
me werkt aanstekelijk.
Gerben, met jou heb ik het meest direct samengewerkt en altijd op een fijne en
prettige manier. Ik vind jou een onderzoeker in hart en nieren, nauwkeurig en
precies, veel kennis, enthousiast, boordevol ideeën en bovenal een enorm aardige
collega. Jouw deur stond altijd voor mij open en je maakte altijd tijd vrij om din-
gen te bespreken, te brainstormen of me gewoon te helpen met epidemiologie/
statistiek en vooral stata. Niet zelden kreeg ik reacties per mail op vragen of arti-
kelen verstuurd in de avonduren of weekenden. Jij zet je echt voor de volle 100%
in en dat waardeer ik enorm in je. Ik vind het heel fijn dat je je altijd zo flexibel
hebt opgesteld en rekening hield met het feit dat ik naast het onderzoek ook in de
huisartspraktijk werkte en moeder was van jonge kinderen.  Daardoor moest ik
wel eens ‘nee’ zeggen en was ik soms misschien wat ongeduldig. Naast het werk,
hebben we als collega’s ook veel gezelligheid gehad met etentjes, de teambespre-
kingen in Zurich en congressen in San Francisco, Philadelphia en Edinburgh.
Gerben, ik had me geen betere en fijnere copromotor kunnen voorstellen.
Milo, I would like to thank you for all your advices, your patience, your scienti-
fic spirit, your enthusiasm and your brainstorm capacity, always full of ideas.
You were an excellent teacher and colleague for me. Besides, all our meetings in
Amsterdam and Zurich took place in a pleasant atmosphere. Thank you for wor-
king with me.
Henk, mijn promotor, dank je wel voor de samenwerking.

Overige leden van het Ice Cold Eric team, Marco Zoller, Patrick Muggensturm, Anja
Frei en Ursula Schafroth. Thank you all for the pleasant collaboration and your
devotion and enthusiasm for our project. Ursula, my compliments with regard
to the extremely low lost-to-follow-up percentages in Switzerland. Ice Cold Eric
is a good example of excellent team work. Besides, we always had a good time
during our meetings and elaborate dinners.
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Onze onmisbare statistische breinen, Ronald en Zebs, enorm bedankt voor de prettige
samenwerking binnen het Ice Cold Eric team. Ik heb erg veel van jullie geleerd,
al kostte het vaak moeite om jullie discussies helemaal te volgen en vroeg ik
weer om uitleg in Jip en Janneke taal. Zebs, heel veel succes met jouw verdere
promotietraject.

Ook veel dank aan de overige nog niet genoemde co-auteurs voor alle inzet en
scherpe noten.

Overige leden van de promotiecommissie, Prof. dr. S.E.J.A. de Rooij, Prof. dr.
E.H.D. Bel, Prof. dr. P.J.E. Bindels, Prof. dr. K.G.M. Moons en Dr. N.H. Chavannes,
hartelijk dank voor jullie bereidheid zitting te nemen in de promotiecommissie
en mijn manuscript te beoordelen aan de hand van de wetenschappelijke eisen
die daaraan gesteld worden. 

De assistentes van het Ice Cold Eric team Carin, Alice, Albertien, Machteld, Nienke
en Norma, bedankt voor jullie harde werk. Dankzij jullie mogen de lage lost-to-
follow-up percentages in Nederland er ook zijn. Het was soms lastig omdat er
steeds weer geschoven werd met personeel maar toch bleven jullie de mensen
nabellen, herinneringen sturen, contacten onderhouden etc. Zonder jullie gewel-
dige inzet hadden we niet zo’n mooie onderzoekspopulatie kunnen opbouwen.
Het was voor jullie ook niet altijd makkelijk dat ik dan weer in de praktijk werk-
te en dan weer met zwangerschapsverlof was. Toch bleven jullie je voor 100%
inzetten en kon ik altijd op jullie rekenen.  
Een speciaal bedankje gaat nog wel uit naar Alice, mijn steun en toeverlaat op de
afdeling, en niet alleen voor mij. Als er op de afdeling een vraag is, dan is daar
voor iedereen Alice. Lieve Al, bedankt voor de enorm fijne samenwerking. Je bent
een topper. Sommigen vinden je iets té praktisch, maar voor mij kan het niet
praktisch genoeg!
Ook wil ik alle studenten bedanken die mee hebben gewerkt aan het verzamelen
en invoeren van alle data.

Collega’s van de afdeling en JOP-pers, bedankt voor de prettige werksfeer op de af-
deling. Een speciaal bedankje gaat naar Jacob, die, zelfs na zijn pensioen, veel tijd
en inzet heeft getoond in het ordenen van al die data die wij maar aan het verza-
melen waren. En naar Gerda, die ook altijd een aanspreekpunt voor mij was en
vooral in de laatste fase van het traject mij altijd goed heeft geholpen.

Lieve kamergenoten, een wat wisselend gezelschap maar toch lange tijd Ada,
Suzanne, Myra en Nienke. Bedankt voor de fijne werksfeer op de kamer. We
konden hard werken maar er was altijd plaats en tijd voor een gezellig gesprekje,
zowel over werk als gewoon over koetjes en kalfjes. 
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Lieve Rik en Lonneke, samen met Gerben en Alice zowel op de afdeling als op de
groepsapp ‘het longenclubje’. Wat fijn om zulke leuke collega’s te hebben.
Waardevol om even te overleggen maar ook zeer gezellig in tijden van uitjes en
congressen. Wat een feest was het om samen naar congres te gaan in Edinburgh
en Philadelphia. Laten we die etentjes er in ieder geval in houden, mocht het ons
ooit nog lukken om binnen afzienbare tijd een geschikte datum te vinden!

Lieve Rob, zonder jou had ik nooit zo’n mooi boekje gehad. Bedankt voor je einde-
loze geduld en tijd. Ik waardeer je werk enorm, dat mag best even extra benadrukt
worden in alle omstandigheden. Zelfs na je pensioen liet je me niet in de steek
en hebt alles op alles gezet om het helemaal af en drukklaar te maken. Heel veel
rust, ontspanning en plezier toegewenst in Zweden en af en toe in Nederland.

Wat heb ik ook een geluk gehad met mijn opleiders voor de huisartsenopleiding.
Want het is niet makkelijk om een aioto in de praktijk te hebben… Congresje
hier, vergadering daar, altijd maar meebewegen met de onderzoeksactiviteiten.
Hartelijk bedankt voor het enorm leuke en leerzame opleidingsjaar, Annelies
Walter en Natasja Alons.
Ook mijn opleider van het eerste jaar, Ben van Delft, wil ik hartelijk bedanken,
gedurende dit jaar was mij al snel duidelijk dat ik inderdaad het juiste vak had
gekozen, bedankt voor je enthousiasme. 
Natuurlijk hebben ook de praktijken waar ik na de opleiding ben gaan werken
steeds weer meebewogen met de onderzoeksactiviteiten. Dank je wel, Ton Dapper
en Broos van den Heuvel, voor jullie flexibiliteit. Geen congres heb ik hoeven
afzeggen, alles was in goed overleg altijd mogelijk. Broos, Marian, Wilma en
Jacqueline, ik hoop dat we zo fijn blijven samenwerken in de toekomst en na 10
oktober ben ik ook weer een stuk flexibeler!

Lieve vriendinnen en vrienden, bedankt voor alle steun als het even wat moeizamer
liep maar vooral bedankt voor de ontspanning die jullie me gaven en geven. Wat
fijn om zo’n rijk sociaal leven te hebben. 

Lieve Gerda, mijn schoonmoeder. Dank voor je liefdevolle steun de afgelopen jaren,
voor mij en ons gezin. Je bent een topper. Lieve Jan, mijn lieve schoonvader, ik
denk vaak aan je, wat vond je het leuk dat ik promotieonderzoek ging doen.
Altijd boordevol bruisende ideeën had jij eigenlijk ook best onderzoeker kunnen
zijn. Wat een gemis dat je niet aanwezig zult zijn bij deze mijlpaal maar in mijn
hart ben je erbij.

Lieve Bob, klein broertje, en Tatiana. Samen opgegroeid in een fijn gezin, bijzon-
der om broer en zus te zijn. Gelukkig wonen we nog steeds bij elkaar om de hoek
en wat bijzonder om te zien hoe onafscheidelijk Mila en Luuk zijn.
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Lieve paranimfen, Jacqueline en Nienke. Ik ben blij dat jullie mijn paranimfen zijn,
beide belangrijke personen in mijn leven maar ook beide betrokken bij mijn onder-
zoek. Ik hoop dat jullie me rustig en ontspannen weten te houden de 10e….
Lieve Jacqueline, al zo’n 25 jaar vriendinnen, samen op hockey, samen klas 1 tot en
met 6 van het Gym gedaan, allebei in Amsterdam geneeskunde gestudeerd, allebei
de huisartsenopleiding gedaan en allebei een promotie-traject gestart. Wat bijzon-
der om jou als vriendin te hebben. Wat hebben we samen al veel gedaan, de
Noordwijk-8, de mooie reizen met Elselien en de fijne spreekbeurt avonden en uit-
jes met Elselien en Evelien. Altijd fijn om bij elkaar te zijn. Niet alleen een fantas-
tische vriendin maar ook collega-huisarts en collega-onderzoeker.  Gelukkig woon
ook jij weer om de hoek en zitten Elena en Luuk zelfs bij elkaar in de kleuterklas.
Bedankt voor je steun, je enthousiasme voor het vak maar het allerbelangrijkste,
dat je mijn vriendin bent. Ik wens jou heel veel succes toe met de inmiddels ook
laatste fase van jouw promotie-traject en op een mooie toekomstige samenwerking.
Lieve Nienke, vriendin en schoonzus. Vanuit een totaal verschillende achtergrond
toch collega’s geworden. Eerst als tijdelijke assistent binnen mijn onderzoek
maar al snel werd je talent gespot op de afdeling en werd je van ons afgepakt. Nu
ben je zelf aan het promoveren en daar wens ik je heel veel succes mee. Knap hoe
je alles nu voor elkaar hebt. Bedankt voor je steun en bijdrage aan mijn proef-
schrift. En dat we maar vaak mogen komen chillen op het strand…

Lieve papa en mama, lieve ouders. Van jongs af aan hebben jullie mij altijd gesteund
in alles. Een zorgeloze jeugd en een onvoorwaardelijke liefde en vertrouwen heb-
ben jullie mij gegeven. Nu ik zelf kinderen heb, besef ik dat dat het allerbelang-
rijkste is wat je als ouders kan geven. Ik kijk terug op een enorm rijke jeugd met
een schat aan plezierige herinneringen aan ons gezin. Ook toen ik in Amsterdam
ging wonen, kwam ik vaak en altijd met veel plezier naar huis toe. Zonder jullie
was er geen proefschrift geweest. Toen ik huisarts werd kreeg ik van jullie een
studieboek met daarin de woorden: ‘Passie + Visie + Actie is de formule voor
succes’. In alle drie hebben jullie mij gesteund en gemotiveerd. Ook mijn dank
voor de vele oppasdagen en weekenden en soms zelfs weken. Zo kon ik met mijn
volle aandacht werken in de praktijk en voor het onderzoek, maar konden we
ook soms samen weg. Weekendjes, wintersport en Saake is zelfs mee geweest op
congres naar San Francisco. Ik hou van jullie. 

Lieve, lieve, lieve Saake, zonder jou was er ook geen proefschrift geweest. Bedankt
voor je enorme steun en liefde. We hebben samen een heel druk bestaan maar
weten goed te genieten van de mooie dingen van het leven.  Ik heb veel respect
voor jouw gedrevenheid en doorzettingsvermogen. Al die jaren dat je nu als
ondernemer werkt, heb je steeds leuke en interessante opdrachten, soms net
twee tegelijk maar dat hoort erbij. Bedankt dat je er altijd voor me bent en voor
jouw bijdrage aan mijn proefschrift. En laten we vooral doorgaan met genieten
van het leven samen met Luuk en Thijs! Ik hou heel veel van je.
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Lieve Luuk en Thijs, jullie zijn mijn alles. Het boekje is klaar. En ja, Thijs, als je
wil, zal ik het helemaal aan je voorlezen. Lieve Luuk, onderweg in de trein naar
Nemo, het museum van de wetenschap, vroeg je ‘mama, wat is nou precies
wetenschap?’ ‘doe jij dat ook?’  Ik zal dat gesprekje nooit vergeten en nodig je
van harte uit voor de voorleessessie en dat je maar je eigen oordeel mag vormen
over wat wetenschap is… 
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CURRICULUM VITAE

Lara Siebeling is geboren op 16 februari 1980 in Apeldoorn. Zij zat op de Montessori
basisschool in Nijmegen en later Hilversum en behaalde in 1997 haar VWO/
Gymnasium diploma aan het Gemeentelijk Gymnasium in Hilversum. Zij wilde
al van kleins af aan dokter worden maar helaas werd zij niet meteen ingeloot
voor de studie geneeskunde. Deze teleurstelling duurde gelukkig niet lang want
enkele weken later werd zij nageplaatst en kon ze haar studie Geneeskunde star-
ten aan de Universiteit van Amsterdam. In 2001 rondde zij haar doctoraal af met
een wetenschappelijk stage in Indonesië. Zij deed daar onderzoek naar de trans-
missie van lepra. Hierna startte zij haar coschappen en rondde deze eind 2004 af
met een coschap Ontwikkelingslanden in Ndala Hospital, Tanzania. Toen
behaalde zij haar artsexamen. Zij startte haar carrière als arts met het idee chi-
rurg te worden en werkte in 2005 en 2006 als assistent chirurgie in het
Slotervaart Ziekenhuis in Amsterdam. Vele mooie werkervaringen later besloot
zij toch verder te gaan in het veelzijdige huisartsenvak. Zij startte de huisartsen-
opleiding in 2006 aan de Universiteit van Amsterdam. Na een ontzettend leuk
en leerzaam eerste jaar als huisarts in opleiding in een praktijk in Hoofddorp,
vatte zij het plan om promotieonderzoek te gaan doen. Net voor aanvang van
het derde en laatste jaar van haar opleiding kon zij starten als promovendus op
het ICE COLD ERIC project onder begeleiding van Gerben ter Riet en Milo
Puhan. Uiteindelijk rondde zij in 2010 de huisartsopleiding af en ging naast het
onderzoek werken als waarnemend huisarts in Tienhoven en later Kortenhoef. 

Lara werkt op dit moment nog steeds als waarnemend huisarts in Kortenhoef.
Zij is getrouwd met Saake Buwalda en samen hebben zij twee zoons, Luuk
(2009) en Thijs (2011). Naast het werk als huisarts en onderzoeker, geniet Lara
volop van het gezinsleven, sporten en reizen.
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Uitnodiging

Voor het bijwonen van de
openbare verdediging van

het proefschrift:

COPD in primary care
Towards simple prediction

of quality of life,
exacerbations and

mortality

door
Lara Siebeling

op vrijdag
10 oktober 2014

om 10.00 uur
in de Agnietenkapel

(Oudezijds Voorburgwal
231 Amsterdam).

Na afloop van de
promotie bent u van harte
welkom op de receptie ter

plaatse.

Paranimfen

Jacqueline Suijker
j.j.suijker@amc.uva.nl

Nienke Buwalda
n.buwalda@amc.uva.nl
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