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General introduction
CHRONIC OBSTRUCTIVE PULMONARY DISEASE
Chronic obstructive pulmonary disease (COPD) is defined by the Global initiative
for chronic Obstructive Pulmonary Disease (GOLD) strategy as “a common
preventable and treatable disease, characterized by persistent airflow limitation that
is usually progressive and associated with an enhanced chronic inflammatory
response in the airways and the lungs to noxious particles or gases”. COPD usually
consists of a mixture of small airway diseases (chronic bronchitis) and parenchymal
destruction (pulmonary emphysema), leading to an impaired airflow in the lungs (1).
A major risk factor for developing COPD is tobacco smoke (2). The most common
symptoms are cough, breathlessness and/or an abnormal amount of sputum, which
are chronic and progressive and can vary from day-to-day (3, 4). Accordingly,
patients with COPD often experience difficulties in performing daily activities (5).
While its origins can begin very early in life, generally, COPD becomes clinically
apparent around the age of 40-50 years, but is often diagnosed at a later age (2, 6).
COPD is an incurable disease. Therefore, treatment mainly focusses on the
reduction of symptoms and the prevention of further deterioration (1).
Recently, COPD is recognized as a multicomponent disease. Besides affecting the
lungs, organs outside the lungs can also become affected in the clinical course of
the disease. In COPD, there is an increased occurrence of psychological
conditions, fatigue, muscle dysfunction, weight loss, physical inactivity level and/or
comorbidities like cardiovascular disease (7). These systemic features substantially
contribute to morbidity and mortality in COPD. Furthermore, patients with
COPD frequently experience exacerbations. Exacerbations are defined as “an
event in the natural course of the disease characterized by a change in the patient's
baseline cough, dyspnea, and/or sputum that is beyond normal day-to-day
variations”. It is acute in onset, contributes to the overall severity of COPD and
warrants a change in regular medication (1).
The diagnosis of COPD is based on a simple lung function test, more specific a
spirometry. A forced expiratory volume in the first second (FEV1)/forced vital
capacity (FVC) below 0.7, after taking a bronchodilator, indicates a chronic airflow
limitation (1). In 2015, Global Lung function Initiative (GLI) reference values were
introduced, suggesting that a post-bronchodilator FEV1/FVC ratio below the 5th
percentile (from reference values) is a better indicator for airflow limitation (8)
than the fixed cut-off point (FEV1/FVC ratio <0.7). This, to avoid overdiagnosis
of airflow limitation in individuals over 50 years and underdiagnosis in individuals
under 50 years (9). To date however, the fixed cut-off is still mainly used to
diagnose and classify patients with COPD (10).
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PREVALENCE AND BURDEN
COPD is a major cause of morbidity and mortality and is the most common
chronic lung disease in the world (10). Approximately 6% (i.e. 3.3 million people)
of all deaths worldwide are caused by COPD (11). It is the fifth leading cause of
death and is expected to become the fourth leading cause of death by 2030 (12). It
is also the fifth major cause of years lived with disability (13). An estimated 328
million people have COPD worldwide (13). Prevalence rates vary from country to
country (14). International prevalence rates of COPD are estimated at 10% in
people aged 40 years and older, with a higher prevalence in men and older ages
(15). Due to continued exposure to risk factors of COPD and demographic shift
of an aging population, it is projected that the prevalence of COPD will increase
even further (16). In 2007, prevalence rates were estimated for the Netherlands,
showing that 18.3% of men and 15.5% of women had COPD (17). In 2012,
Vanfleteren and colleagues performed a population-based study using postbronchodilator spirometry and reported an overall COPD prevalence of 24%
(men, 28.5%; women, 19.5%) in Maastricht, the Netherlands (18).
COPD has a tremendous impact on the healthcare system by its personal,
economic and social impact. (19). The total use of healthcare of patients with
COPD is significantly higher than healthcare use in the general population.
Previous research performed in the Netherlands shows that about 95% of people
with COPD contacted their general practitioner (GP) minimally once a year, versus
76% in the general population. In addition, 94% of the patients with COPD
received prescribed medication (versus 40%, respectively) and over three-quarters
went to a medical specialist (versus 40%, respectively) (20). The economic burden
of COPD is associated with direct and indirect costs (1). Annual direct costs range
between $504,- and $9.981,- per patient. Concerning indirect costs, e.g. the ability
to maintain a job, 6% to 52% of the patients with COPD is not able to work due
to COPD symptoms (21). High personal and economic burden are associated with
the disease severity of COPD and number and severity of symptoms (22). The
highest costs are found among patients with a high disease burden and a large
number of comorbidities (21, 23). The social burden of COPD can be expressed in
Disability Adjusted Life Years (DALYs), containing the loss of quantity of life and
the loss of quality of life. In the Netherlands, the DALYs for COPD are
established at a mean of 5.6 years per COPD patient. COPD is number 5 of
diseases with the largest DALY losses in Netherlands (24).
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HEALTH STATUS
COPD has an important impact on a patient’s life. While severity of airflow
limitation is often used to classify patients with COPD, the association between
this parameter and disease activity or progression, comorbidities, extra-pulmonary
features and prognosis in patients with COPD is moderate-to-poor (7, 25). In
contrast, health status seems to be well associated with disease burden (26). Health
status is defined as “the impact of health on a person’s ability to perform and
derive fulfilment from the activities of daily life” (27). While this is a subjective
matter, health status measurements are able to objectify and standardize the impact
of a disease on the patients’ health, daily life, and wellbeing, making it less “touchyfeely” (28). An impaired health status is a common feature in patients with COPD,
irrespective of the degree of airflow limitation (29). Though, the impact of an
impaired health status is often underestimated (30, 31). According to the latest
GOLD document, COPD assessment is aimed at determining disease severity,
including the impact on patient’s health status, in order to guide treatment (1).
Validated and standardized health status questionnaires are used to assess the
overall impact of COPD (28).
A distinction can be made between two different types of questionnaires. First,
generic tools can be applied which measure quality of life for the general
population, regardless of the presence or absence of diseases (e.g. Short Form-36,
SF-36; Short Form-12, SF-12; and EuroQoL-5D, EQ-5D) (32-34). Second,
disease-specific instruments measuring the impact of a specific disease, such as
COPD, can be used (e.g. Saint George’s Respiratory Questionnaire, SGRQ;
Clinical COPD Questionnaire, CCQ; and COPD Assessment Test, CAT) (35-37).
Generic health status questionnaires tend to cover aspects like functional states,
perceptions and social opportunities. They are more widely applicable than diseasespecific questionnaires. For example, they can be used to compare health status
between various diseases, to make a comparison with healthy subjects or to
calculate quality-adjusted life years (QALYs). On the other hand, disease-specific
questionnaires focus more on functional impairments and symptoms associated
with the disease, resulting in a higher sensitivity in detecting an impaired health
status and change in clinical status (28, 38, 39). Though, it is shown that both
generic as disease-specific questionnaires adequately reflect the burden of COPD
and comorbid conditions (40). In the current thesis, we will focus on diseasespecific instruments, i.e. the SGRQ, CCQ and CAT, to measure health status, as
the GOLD strategy recommends these questionnaires to classify patients with
COPD. In addition, we will particularly focus on the newly developed diseasespecific CAT questionnaire as described below.
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The SGRQ has proven to be a responsive, valid and reliable instrument for quality
of life evaluation in patients with COPD (35, 41, 42). This questionnaire contains
three subdomains: impact, dyspnea and activity. It includes 50 items, in which each
score ranges from 1 to 100 (43, 44). The SGRQ is widely used in COPD trials (4549). However, this questionnaire is sometimes difficult to understand by patients,
reasonably time-consuming to complete, and has a (too) complex scoring
algorithm for routine use in clinical practice (50). Moreover, the CCQ is a
commonly used reliable and valid questionnaire in Dutch clinical practice. It is
proven to be easier and faster to complete than the SGRQ (50). The CCQ consists
of 10 items, comprising the domains symptoms, mental status and functionality, in
which total scores range between 0 and 6 points (36). In 2009, the CAT, a new
short and simple questionnaire to measure health status in COPD, was developed
(37). The CAT is an eight-item patient-completed questionnaire, designed to
measure health status in patient with COPD, focusing on cough, phlegm, chest
tightness, breathlessness, going up stairs or hills, activity limitation at home,
confidence leaving home, sleep, and energy level (see appendix Figure 1). Item
scores range from 0 to 5 points, whereby the total score varies between 0 (best
health status) and 40 points (worst health status) (37). The CAT is considered
reliable, valid and responsive (51). Currently, a CAT total score of ≥10 points
indicates an abnormal health status (1). Studies determining cut-points for
abnormal values in other measurement tools, often derived these from the 95th
percentile in a non-COPD population (52-54). Former research shows that CAT
values between 14 and 28 points were found at the 95th percentile (55-57).
Understanding what is an abnormal CAT value is very important, as it
consequently also influences treatment and management of COPD. Little is known
about normative values in a non-COPD population in the Netherlands. In
addition, it is shown that clinical characteristics, like health status, and management
of COPD can differ between countries (58). For example, Gupta and colleagues
showed CAT total scores of 7.3 points in Japan and 20.9 points in Turkey (51).
Previous research performed in various countries also show higher CAT scores in
COPD patients versus non-COPD patients, with the worse health status in female
subjects (57, 59). In addition, former research shows that employment can have a
positive influence on CAT scores (55). In the current thesis we will focus on the
impact of COPD, normative values and the influence of work status on health
status in a Dutch population.
A high score on health status questionnaires stands for more than only a poor
health status. It assesses general disease severity (60), is associated with higher
levels of dyspnea (5), predicts the occurrence of exacerbations and mortality (61,
62), is closely related to symptoms of anxiety and depression (63), and often
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indicates a deterioration and/or less functional capacity (64). Nonetheless, most
studies investigated clinical characteristics and the burden of COPD in selected
patient populations. Patients without a significant smoking history (>15 pack
years) or various comorbidities are often excluded, while patients visiting a chest
physician or referred for pulmonary rehabilitation are examined more extensively
(65). This emphasizes the importance of including a broad population of COPD
patients. It also questions the generalizability of previously performed studies.
Thus, there is a need to study the impact of COPD on physical status, mental
status, and social status in population based samples, which will be covered in the
current thesis.
TREATMENT
In the Netherlands, treatment can be provided in primary care (GPs), secondary
care (chest physician) and/or tertiary care (advanced medical investigation and
treatment, e.g. pulmonary rehabilitation) (66). According to the Dutch guidelines,
the choice of healthcare setting depends on the severity of COPD, diagnostic
problems (e.g. COPD at young age) and/or progress in treatment goals (67).
Whether and to what extent patients with COPD treated in various healthcare
settings differ in disease burden and healthcare utilization remains unknown.
The American Thoracic Society (ATS) and the European Respiratory Society
(ERS) defines pulmonary rehabilitation as “a comprehensive intervention based on
a thorough patient assessment followed by patient-tailored therapies that include,
but are not limited to, exercise training, education, and behaviour change, designed
to improve the physical and psychological condition of people with chronic
respiratory disease and to promote the long-term adherence to health-enhancing
behaviours” and states that it is the best available means to improve health status
in patients with COPD who are symptomatic despite otherwise optimal therapy at
the start of a pulmonary rehabilitation program (68). Indeed, previous research
shows psychosocial, physiological, symptom-reducing and health economic
benefits after pulmonary rehabilitation in patients with COPD (69). It is also
shown that pulmonary rehabilitation outcomes are differential (46) and depend on
the method of outcome assessment. Thus, there is a need for studies to investigate
the response of various health status questionnaires after pulmonary rehabilitation.
Hence, this will be addressed in the present thesis.
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To determine if a change in health status is clinically relevant, the minimal
clinically important difference (MCID) should be reached. The MCID is defined as
“the smallest difference in a measurable clinical parameter that indicates a
meaningful change in the condition for better or for worse, as perceived by the
patient, clinician or investigator” (70). A MCID is also frequently used to perform a
sample size calculation, assess the efficacy of specific therapies and to assist in
interpreting statistical significant results (71, 72). To estimate a MCID, anchor- and
distribution-based approaches can be applied (71). Multiple studies looked at
MCIDs for health status questionnaires. The MCID is established at 4 points for
the SGRQ (73), at 0.4 points for the CCQ (74-77), and between 1.6 points and 2.0
points for the CAT (78-80). However, MCIDs differ between studies and various
methods were applied to derive these. MCIDs can vary depending on study context
and/or studied population. Previous research shows the same variation in MCIDs
with regard to other measurements (e.g. 6-min walk test, 6MWT; incremental
shuttle walk test, ISWT; and endurance shuttle walk test, ESWT) to assess the
burden of COPD (81). For that reason, we studied the previously known MCIDs
concerning health status and compared these with MCIDs derived from our own
data, resulting in new recommendations for the use of estimated MCIDs.
GOLD CLASSIFICATION
The GOLD strategy describes the newest practice guidelines on the diagnosis,
prevention, and management of COPD (1). Formerly, patients with COPD were
classified into GOLD stages 1 to 4, which was solely based on degree of airflow
limitation (82). The GOLD 2014 strategic document recommends categorization
of COPD patients in GOLD groups A to D by combining severity of symptoms
(mMRC ≥2 points, CAT ≥10 points, CCQ ≥1 - 1.5 points or SGRQ ≥25 points)
and risk assessment (degree of airflow limitation and two or more
exacerbations/one or more hospitalization in the last 12 months), see figure 1 for
2014 ABCD GOLD diagram. In 2017, during the execution of the current thesis,
the GOLD classification of airflow limitation (left Y-axis) was removed from the
GOLD diagram.
The GOLD diagram provides the opportunity to classify patients with COPD
based on more than lung function alone. Though, the GOLD document also
recommends multiple assessment tools to define symptoms and risk. The impact
of the four different assessment tools to measure symptoms and different
definitions of future risk on frequency distribution and clinical characteristics
remains unknown.
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SGRQ < 25
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Figure 1. GOLD 2014 assessment, using spirometric classification, symptoms, breathlessness and
risk of exacerbations

Significant differences are observed between characteristics of the four GOLD
groups (56). Patients in group B and D report a worse disease-specific health status
(57, 58) and worse exercise capacity (58) compared to patients in group A and C.
Though, regarding the currently applied GOLD cut-points for symptom measures,
it is shown that the cut-points did not match with each other (83, 84). Assessment
with the CAT, CCQ or SGRQ increases the number of patients in high-symptom
groups (B and D), compared with mMRC (85-87). In response, categorization in
different GOLD groups lead to different types of treatment and management (e.g.
medication, pulmonary rehabilitation). Moreover, previous research implies that an
impaired health status, derived from the GOLD cut-points for symptom measures,
already occurs in half of the current or former smokers without having an airflow
limitation and solely a minority of primary care COPD patients have a normal
health status (83, 88). This highlights the importance of understanding what are
normal values for these symptom measures. Indeed, the GOLD Scientific
Committee recognizes that the current cut-points of symptom measures are an
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important topic that needs to be addressed in the next revision of the GOLD
document (89). Therefore, refinement of GOLD cut-points for symptom
measures is necessary and will be addressed in the current thesis.
AIMS OF THIS THESIS
Given the relevance of health status as a patient-related outcome in COPD and the
central of health status measurement in modern COPD management, it is essential
to increase our understanding of assessment of health status in a broad population
of COPD patients and of normal health status values in non-COPD.
Therefore, the aims of this thesis were:
• To investigate which cut-off value represents an abnormal CAT score for
non-COPD subjects in a Dutch population; and to measure the impact of
COPD on health status in a Dutch population, after stratification for work
status
• To study the baseline characteristics of subjects with COPD in a Dutch
population-based sample; and to compare physical status, mental status, and
social status in a population-based sample of COPD subjects with nonCOPD subjects from the same population
• To compare burden of disease and healthcare utilization between patients
with COPD treated in primary care, secondary care or tertiary care and
explore possibilities for optimization of care
• To determine the responsiveness of SGRQ, CAT, CCQ and HADS
following a comprehensive pulmonary rehabilitation program in patients
with COPD; and to estimate MCIDs for CAT, CCQ and HADS using
anchor-based and distribution-based methods
• To investigate the impact of the four different assessment tools for
symptoms and different definitions of future risk on frequency distribution
of GOLD groups A to D; and to study differences in clinical characteristics
between the GOLD groups using these different scenarios
• To re-calibrate the current cut-off points for symptom measures of the
GOLD criteria using existing datasets, with a mMRC grade of 2 or higher as
the points of reference and to study the impact of the newly derived cutpoints of all questionnaires on the frequency distribution of the GOLD
staging in a large COPD cohort
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OUTLINE OF THIS THESIS
At first, the study design, population, procedure, in- and exclusion criteria and
applied measurements of our Chance study are described in chapter 2. Health
status values in a non-COPD and COPD population are described in chapter 3.
New normative values are suggested for the CAT in non-COPD subjects and the
impact of COPD on health status in a Dutch population, after stratification for
work status, is discussed. Following, chapter 4 demonstrates the general
characteristics of patients with COPD in a general Dutch population. Additionally,
differences in physical-, mental- and social status of a COPD population compared
to non-COPD controls are described. As it remains unknown whether and to what
extent patients with COPD treated in various healthcare settings differ in clinically
relevant characteristics, in chapter 5, the burden of disease and healthcare
utilization in COPD patients treated in primary, secondary and tertiary care setting
in the Netherlands is outlined. Subsequently, shortcomings of care for COPD
patients in the Netherlands are uncovered and possibilities for optimization are
suggested.
Pulmonary rehabilitation is able to reduce COPD symptoms and improve health
status in COPD. Tough, not all changes are clinically relevant. Estimated MCIDs
for health status and mood status are determined by previous research. Changes in
mood status can be assessed using the Hospital Anxiety and Depression Scale
(HADS), providing a depression (HADS-D) and anxiety (HADS-A) score. As
MCIDs for health status questionnaires vary between studies and various methods
were applied to derive these, in chapter 6 we assessed the responsiveness of the
SGRQ, CAT, CCQ and HADS to pulmonary rehabilitation and determined new
MCID ranges for the CAT, CCQ and HADS. Chapter 7 describes the impact of
GOLD recommended measures (exacerbation frequency, hospitalization
frequency and symptom measures) to determine GOLD groups, on the frequency
distribution of GOLD groups A to D as well as their clinical characteristics.
Following, in chapter 8 new recommendations are made to change cut-points of
the symptom measures the current GOLD ABCD diagram, with a mMRC dyspnea
grade of two or higher as point of reference. Finally, chapter 9 generally discusses
previous chapters and gives future directions for research.
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ABSTRACT
Introduction
Chronic obstructive pulmonary disease (COPD) is a major cause
of morbidity and mortality. Patients with COPD are characterised by a reduced
health status, which can be easily assessed by the COPD Assessment Test (CAT).
Previous studies show that health status can be worsened by the presence of
comorbidities. However, the impact of cardiovascular comorbidities on health
status as assessed with CAT is not sufficiently investigated. Therefore, the current
study has the following objectives: 1) to study the clinical, (patho)physiological and
psychosocial determinants of the CAT, and impact of previously established
and/or newly diagnosed cardiovascular comorbidities on health status in tertiary
care patients with COPD; 2) to assess the effects of pulmonary rehabilitation on
CAT scores in patients with COPD; 3) to develop reference values for the CAT in
Dutch elderly patients without COPD; and 4) to validate the CAT in a broad
sample of Dutch patients with COPD.
Methods and analysis The COPD, Health status and Comorbidities (Chance)
study is a monocentre study consisting of an observational cross-sectional part and
a longitudinal part. Demographic and clinical characteristics will be assessed in
primary care, secondary care and tertiary care patients with COPD, and in patients
without COPD. To assess health status, the CAT, Clinical COPD Questionnaire
(CCQ) and St George's Respiratory Questionnaire (SGRQ) will be used. The
longitudinal part consists of a comprehensive pulmonary rehabilitation programme
in 500 tertiary care patients. For the cross-sectional part of the study, 150 patients
without COPD, 100 primary care patients and 100 secondary care patients will be
assessed during a single home visit.
Ethics and dissemination The Medical Ethical Committee of the Maastricht
University Medical Centre+ (MUMC+), Maastricht, the Netherlands (METC
11-3-070), has approved this study. The study has been registered at the Dutch Trial
Register (NTR 3416).
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BACKGROUND
Health status in patients with chronic obstructive pulmonary disease (COPD) is
impaired irrespective of the degree of airflow limitation (1). Therefore, optimising
health status is an important goal in COPD management (2). Indeed, according to
the latest Global initiative for chronic Obstructive Lung Disease (GOLD)
document, COPD assessment should include the assessment of health status as an
objective in disease diagnosis and follow-up (3). Poor health status is multifactorially
determined in patients with COPD, as it is associated with higher levels of dyspnea
(4), reduced exercise capacity (5), symptoms of anxiety and depression (6), and
frequent exacerbations and mortality (7). In addition, health status in patients with
COPD can be worsened by the presence of comorbidities (8). Vanfleteren et al
showed that 97.7% of all patients with COPD have one or more comorbidities (9).
In European primary care patients with COPD, the presence of ≥3 comorbidities
was associated with a worse health status (10). Cardiovascular diseases are
presumably the most important comorbid conditions in COPD. The risk of
cardiovascular morbidity and mortality is twofold to threefold higher in patients
with COPD in comparison to an age-matched and gender-matched population
without COPD (11). Probably due to shared pathophysiological mechanisms,
cardiovascular comorbidities often remain unrecognised in patients with COPD
(11). Rutten et al reported a prevalence of 20% for previously undiagnosed heart
failure in primary care patients with COPD (12). In addition, it was recently shown
that echocardiographic abnormalities were highly prevalent in patients with COPD
at the time of their first hospital admission due to a severe exacerbation (13).
However, the frequency of echocardiographic abnormalities in patients with COPD
referred for pulmonary rehabilitation is not known.
Health status in COPD is often assessed by disease-specific questionnaires, namely,
the St George's Respiratory Questionnaire (SGRQ) and the Clinical COPD
Questionnaire (CCQ) (14,15). The SGRQ is reasonably time-consuming to complete,
sometimes difficult to understand by patients and has a scoring algorithm that is too
complex for routine use in clinical practice (16). In the Netherlands, the CCQ is
commonly used in clinical practice. The reliability and validity of the CCQ in patients
with COPD have previously been studied (16). In addition, a simple eight-item
patient-completed questionnaire, the COPD Assessment Test (CAT) was developed
some years ago (17). However, to a lesser extent, studies investigated the properties of
the CAT and associations with clinical, physiological and psychological outcomes in
COPD. Additionally, during the period that the current study protocol was designed,
few studies about CAT in the Dutch population were published. Therefore, the
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COPD, Health status and Comorbidities (Chance) study was initiated and the
following objectives were formulated:
1. To study the clinical, (patho)physiological and psychosocial determinants of
the CAT and impact of previously established and/or new diagnosed
cardiovascular comorbidities on health status in tertiary care patients with
COPD.
2. To assess the effects of pulmonary rehabilitation on CAT scores in patients
with COPD.
3. To develop reference values for the CAT by comparing patients with
COPD using elderly Dutch patients without COPD.
4. To validate the CAT in a broad sample of Dutch patients with COPD.
METHODS
Study design
The current study is a monocentre, observational study consisting of a cross-sectional
part (objectives 1, 3 and 4) and a longitudinal part (objective 2), see figure 1.

Figure 1. Flow diagram of patient participation and data assessment
(CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease)
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Study population
Patients will be recruited from primary (general practitioners, GPs), secondary
(chest physicians) and tertiary (pulmonary rehabilitation) care. The inclusion of
patients started in April 2012. The inclusion of the patients from the tertiary care
setting was completed in September 2014. It is expected that the inclusion of the
patients without COPD, and patients from the primary and secondary care setting,
will be completed in early 2015. Figure 1 shows an overview of the study
objectives and study population. In order to study objectives 1 and 2, 500 patients
with COPD, referred for clinical assessment and pulmonary rehabilitation to
CIRO, Horn, The Netherlands, will be recruited (18). In order to examine
objective 3 (see figure 1) 150 patients without COPD will be recruited from GPs
via the ‘Registration Network of Family Practices (RNH)’ (19). Objective 4 (see
figure 1) will be studied by assessing 100 patients with COPD from a primary care
setting (recruited from GPs via RNH) and 100 patients with COPD from
secondary care settings (partly recruited via RNH and partly at the outpatient
pulmonary consultation of Maastricht University Medical Centre (MUMC)
Maastricht). Primary care patients are eligible if they are exclusively treated by a GP
without being treated by a chest physician or have been treated in tertiary care in
the previous 5 years. Secondary care patients are eligible when they are only being
treated by a chest physician and have not been treated in tertiary care for the
previous 5 years. In addition, 500 patients with COPD from the tertiary care
setting will be included for the fourth objective. The 500 tertiary care patients who
will be tested for objectives 1 and 2 will be part of the sample for objective 4. All
study procedures will be conducted by CIRO.
Study procedure
Patients without COPD, primary care patients and part of the secondary care
patients will be recruited via RNH. RNH will provide the contact details of
participating GPs. Accordingly, the investigator will contact the responsible GP
practices if they are willing to participate. After the GP's approval of collaboration,
medical records of the practice are screened using RNH software, according to the
eligibility criteria for the study. Following approval of the responsible GP, the
investigators from CIRO will send a letter to every eligible patient on behalf of the
GP, introducing the research and asking whether the patient wants to participate. In
case of patient’s consent, a response letter with contact details will be returned to
CIRO, enabling the investigator to contact the participant and check the eligibility
criteria via phone. If the patient is still eligible and interested, an appointment for a
home visit will be scheduled. The remaining secondary care patients will be recruited
by chest physicians from an academic hospital (MUMC). During their outpatient
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pulmonary consultations, the chest physicians will ask the patient if he/she is
interested in participating in the study. If the patient is interested, the CIRO
investigators will be provided with the contact details, will contact the potential
candidate and will possibly schedule an appointment. Patients from primary and
secondary care, and patients without COPD, will be visited at their home. A home
visit will last approximately 1½ to 2 hour. If it is not possible to conduct the visit in
their home environment, participants will be asked to come to CIRO for 2 hour All
patients will be asked to give written informed consent at the beginning of the home
visit or at the time of the visit to CIRO. Tertiary care patients will be recruited at
CIRO during their pre-rehabilitation assessment. Eligible patients will be asked if
they are willing to participate in the study. After approval and signing the informed
consent, required data will be gathered. In these patients, baseline and outcome
assessment data will be collected (see figure 1). CIRO is providing a state-of-the-art
interdisciplinary pulmonary rehabilitation programme for patients with COPD, in
line with the latest American Thoracic Society/European Respiratory Society
Statement on Pulmonary Rehabilitation (20). Patients are referred for inpatient (8
weeks) or outpatient (16 weeks) pulmonary rehabilitation based on their prerehabilitation assessment (18). The pulmonary rehabilitation programme in this study
is part of the usual care of these patients at CIRO.
Eligibility criteria
Patients are eligible if they fulfil the following criteria:
1. Age 40–85 years.
2. A diagnosis of COPD according to GOLD guidelines (3).
Patients with COPD from the tertiary care setting also have to fulfil the following
criteria:
1. Referral for assessment and pulmonary rehabilitation at CIRO by a chest physician.
Patients without COPD are eligible if they fulfil the following criteria:
1. Age 40–85 years.
2. Post-bronchodilator forced expiratory volume in 1 s/forced vital capacity
(FEV1/FVC) ≥70%.
3. Healthy, as judged by the investigator, and determined by medical history and
physical examination (specified under the heading ‘exclusion criteria for the
patients without COPD’).
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Exclusion criteria for the patients with COPD:
1. A history of asthma, lung cancer, sarcoidosis, tuberculosis, lung fibrosis, cystic
fibrosis or any other significant respiratory disease.
2. A moderate or severe exacerbation or pneumonia requiring systemic
corticosteroids, antibiotics or hospitalisation during the past 4 weeks.
3. Having undergone lung surgery (e.g., lung volume reduction, lung transplantation).
4. Any clinically relevant disease that, in the opinion of the investigator, may
influence the results of the study, in other words, diseases influencing health
status not related to symptoms of COPD.
5. Malignancy within the past 5 years.
6. For primary care patients: treatment by respiratory physician in secondary or
tertiary care.
7. For secondary care patients: treatment in a tertiary care setting in the previous 5
years.
Exclusion criteria for the patients without COPD:
1. A history of COPD, asthma, lung cancer, sarcoidosis, tuberculosis, lung fibrosis,
cystic fibrosis or any other significant respiratory disease, lung surgery in the past.
2. Chronic heart failure in medical history.
3. Any clinically relevant disease that, in the opinion of the investigator, may
influence the results of the study, in other words, diseases influencing health
status not related to symptoms of COPD.
4. Malignancy within the past 5 years.
Outcomes
Table 1 provides an overview of the recorded variables for each group.
Sample size calculation
The protocol was developed in 2012. At that time, the minimally clinically
important difference (MCID) had not yet been established for the CAT. An
estimation of the MCID was made to calculate the sample size for the current
study. During the study period, the MCID of the CAT was set on two points (35).
Subsequently, the sample size calculation was adjusted based on the most recent
findings (calculated with the program G×power 3.1.9). Resulting in a study
population of 150 patients without COPD, 100 primary care patients, 100
secondary care patients and 500 tertiary care patients. The full sample size
calculation is accessible via the online supplementary material.
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Table 1. Outcome measures per healthcare group
Outcomes

Primary
care

Secondary Tertiary
care
care
(pre PR)

Tertiary
care
(post PR)

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

Y

Y

Y

Y

Smoking history: current smoking and Y
pack years

Y

Y

Y

Y

Medical history, including current
medication

Y

Y

Y

Y

N

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

Y

Y

Y

Y

Y

Y

Y

Y

Y

Lung function: post-bronchodilator Y
(salbutamol) spirometry measured by
a handheld SpiroPro Viasys

Y

Y

N

N

Lung function: post-bronchodilator N
(salbutamol) spirometry measured by
standardized equipment of
Masterlab®, Jaeger, Germany wholebody plethysmography, diffusing
capacity for carbon monoxide (21)

N

N

Y

Y

Degree of self-perceived physical and Y
psychological symptoms*

Y

Y

Y

N

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

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y
mMRC dyspnea grading (23) and
NYHA Functional Classification (24)

Y

Y

Y

Y

Health status questionnaires: SGRQ- Y
C, CAT, and CCQ (25)

Y

Y

Y

Y

Hospital Anxiety and Depression
Scale (26)

Y

Y

Y

Y

Y

Daily physical functioning: timed 'up- Y
and-go' test (27)

Y

Y

Y

Y

Y

Y

Y

Y

Y

Coping strategies: Utrecht Coping ListN
(37)

N

N

Y

Y

Use of long-term oxygen or noninvasive ventilation

Charlson co-morbidity index (22)

Care Dependency Scale (28)
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Outcomes

NonCOPD

Primary
care

Secondary Tertiary
care
care
(pre PR)

Tertiary
care
(post PR)

Body composition: fat-free mass, fat Y
mass using bioelectrical impedance
assessment (29)

Y

Y

Y

N

Body composition: whole-body/local N
dual energy x-ray absorptiometry
(DEXA) scan (30)

N

N

Y

Y

Systemic inflammation: hsCRP

N

N

N

Y

Y

Six Minute Walk test (2x at baseline) N
(31)

N

N

Y

Y

Constant work-rate bicycle test (32)
and cardio pulmonary exercise test

N

N

N

Y

Y

Daily physical activity level using a
validated accelerometer (33)

N

N

N

Y

Y

N
Problematic activities of daily life:
Canadian Occupational Performance
Measure (34)

N

N

Y

Y

N
Lower-limb muscle function: peak
isokinetic quadriceps strength using a
Biodex (38)

N

N

Y

Y

Echocardiography

N

N

N

Y

N

ECG (39)

N

N

N

Y

Y

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

N

N

Y

Y

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

N

N

Y

Y

2

*Patient-completed checklist referring to dyspnea, fatigue, cough, muscle strength, appetite,
insomnia, depression, anxiety, panic attacks, pain, mouth soreness, itching, edema, thirst, muscle
cramps, restless legs, dizziness, pain on the chest and frequency of urination with visual
analogue scales to score the severity of the complaint (questionnaire is approved by the Medical
Ethical Committee of the Maastricht University Medical Centre, METC 07-3-054).
Abbreviations: CAT, COPD Assessment Test; CCQ, Clinical COPD Questionnaire; COPD, chronic
obstructive pulmonary disease; DEXA, dual-energy X-ray absorptiometry; HDL, high-density
lipoprotein; hsCRP, high-sensitivity C reactive protein; LDL, low-density lipoprotein; mMRC,
modified Medical Research Council; N, measurement not conducted; NT-proBNP, N-terminal probrain natriuretic peptide; NYHA, New York Heart Association; PR, pulmonary rehabilitation;
SGRQ-C, COPD-specific version of the St. George respiratory questionnaire; Y, measurement
conducted.
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Data management and statistics
Data will be screened for missing values. In order to reduce the number of missing
data, a researcher will be present when filling out the questionnaires. When there
are missing data in the questionnaires, the missing values will be processed
according to the guidelines of the different questionnaires. This will be carried out
for every variable and participant. Other missing values will be excluded by listwise deletion.
All variables will be tested for normality. Descriptive statistics, including means
(SD), medians (IQR) and frequencies, will be applied. Continuous variables will be
presented as mean (95% CI). To answer objective 1, the differences between
groups will be assessed with unpaired Student t test. Multiple clinical outcomes will
be tested for their association with CAT scores via multiple ordinary least squares
(OLS) regression models. For objective 2, an analysis of variance (ANOVA) of
repeated measurement will be performed to measure the change in CAT scores
and a one-way ANOVA or two-tailed paired Student t test will be used to
determine changes in CAT scores following a comprehensive pulmonary
rehabilitation programme. To examine objective 3, the characteristics and the CAT
scores of the patients without COPD will be tested for normality with the
Kolmogorov-Smirnov test. To validate and look at reference values for the CAT,
the upper limit of the 95% CI of the CAT scores will be determined in the patients
without COPD. All scores above this value will be defined as ‘an abnormal health
status’. For objective 4, differences in the CAT scores and other clinical
characteristics between primary care and secondary care, and tertiary care COPD
samples, will be assessed by using a one-way ANOVA. Finally, the scores of the
CAT between the groups of primary, secondary and tertiary care, and patients
without COPD, will be examined. All statistics will be processed using SPSS
V.20.0 and GraphPad Prism. A p value of less than 0.05 is considered statistically
significant.
Dissemination
Study data will be stored in the data centre at CIRO. The investigator will ensure
that all data in the data centre are accurate and will be responsible for the
monitoring of the data collection. Results will be presented at (inter) national
conferences and will be submitted for publication in peer-reviewed journals.
Participants are given the opportunity to be informed about the results of the
study.
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DISCUSSION
The current study is designed to examine the validity and responsiveness of the
CAT to pulmonary rehabilitation in a Dutch population. Initially, the clinical,
(patho)physiological and psychosocial determinants of the CAT, and impact of
cardiovascular comorbidities on health status in tertiary care patients with COPD,
will be examined. In addition, reference values for the CAT will be developed by
comparing patients with COPD with elderly Dutch patients without COPD. The
strengths and limitations of the current study are described below.
Strengths
In the current literature, most COPD studies focus on patients from secondary or
tertiary care (36). To our knowledge, this is the first study including patients with
COPD treated in primary care as well as patients with COPD treated in secondary
and tertiary care. In addition, the current study includes patients without COPD,
enabling a comparison between primary, secondary and tertiary care patients and
patients without COPD, regarding, for example, health status, mood status and
functional status. Consequently, reference values for the CAT in Dutch elderly
patients without COPD can be determined. Additionally, the majority of the
measurements will be taken with the same devices. This provides a high reliability,
despite the fact that the measurements will be carried out at different places.
Furthermore, interobserver bias will be minimised, because all measurements in
patients without COPD, primary care and secondary care patients will be performed
by one researcher. Furthermore, as mentioned before, patients with COPD have a
twofold to threefold higher chance of developing cardiovascular morbidity and
higher risk of mortality than people without COPD (11), underscoring the
importance of assessing these comorbid conditions carefully. The current study is
the first to investigate a wide range of (extra) pulmonary parameters, providing the
possibility of studying the individual effect of cardiovascular comorbidities on
outcomes, for example, health status. Finally, patients are recruited from eight
different GP practices (RNH affiliated), an academic hospital and a pulmonary
rehabilitation centre (CIRO), increasing the internal and external validity.
Limitations
The results of the current study will be subject to several limitations. First, the
study sample consists of a convenience sample: possibly in all four healthcare
groups the patients with more symptoms, lack of motivation or more severe
COPD are less willing to participate in the study, which can lead to selection bias.
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Consequently, outcomes can be more favourable. To limit selection bias as much
as possible, every eligible patient without COPD, primary care patient and
secondary care patient will be approached by their GP or chest physician,
respectively, to participate in the current study. Second, health status may seem a
subjective measure. Questionnaires addressing health status usually look at the
emotional, psychological and physical effect of a disease. Measuring health status
implies quantifying the impact of the illness on health, well-being and daily life, in a
standardised and objective manner. According to Jones, the end product does not
give a clinical impression, because an impaired health status may express itself
differently in each patient. However, these questionnaires make it possible to
compare health status in patients with COPD (41). Third, spirometry will not be
performed with the same devices. The spirometry performed in tertiary patients
with COPD will be carried out at CIRO as a part of patients’ usual care with
standardised spirometer equipment from Masterlab. However, this device is not
portable, making it impossible to take on home visits. Therefore, the SpiroPro
Viasys will be used to measure lung function in patients without COPD, and
primary and secondary care patients. Both devices are valid and reliable
instruments (21, 42), and are currently used in COPD studies (43, 44). The choice
is made to perform only one measurement method per person, to decrease the risk
of adverse effects (such as exhaustion). Subsequently, it is important to consider
that spirometry is mainly performed to confirm or exclude diagnoses in the
different populations. FEV1 or FEV1/FVC are no outcome parameters in the
current study. Fourth, comorbidities are extensively assessed in tertiary care.
Comprehensive comorbidity assessment is not being undertaken for patients
without COPD, primary and secondary care patients with COPD. These groups
only completed the Charlson comorbidity index. Finally, measurements in primary
and secondary care patients as well as patients without COPD will only be
conducted cross-sectionally, not providing the possibility to determine causality.
Clinical consequences
The current study is very likely to have clinical implications. Initially, it will give
more insight in understanding the systemic effects of COPD, especially the impact
of cardiovascular comorbidities on health status. By performing echocardiography,
we will be able to examine cardiac abnormalities, for example, an impaired systolic
left ventricular function, valvular abnormalities or increased right ventricular
pressures, in relation to clinical outcomes in COPD. This will enable better
monitoring of patients and ensure patient safety during pulmonary rehabilitation.
Ultimately, patients at risk can receive more personalised, predictive, preventive
and participatory (P4 medicine) care, for example, to prevent worsening and/or to
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optimise health status (45). In addition, the current study will examine whether the
CAT is a valid measurement to assess health status in Dutch patients, and local
reference values for clinical practice will be developed. Moreover, by comparing
patients without COPD and primary, secondary and tertiary care patients with
COPD, this study will increase our understanding of similarities and differences
between the various healthcare categories in the Netherlands.

2

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

Sample size calculation
The original sample size calculation:
A sample size calculation for continuous response variables was performed with
the available data from literature (Jones et al. Eur Respir Journal 2009). Three
sample size calculations were performed, due to the differences in CAT scores
were expected to be different between tertiary care COPD patients; tertiary care
COPD patients and, primary care and secondary care COPD patients; and tertiary
care COPD patients and non-COPD controls.
The mean of non-COPD controls is estimated on 5 units of the CAT. A minimal
difference of 5 units with COPD patients resulted that the lowest mean of the
CAT for COPD patients should be 10 units (this is a proportion of 0.25 of the
maximum of 40 units of the CAT).

Sample size calculation for tertiary care COPD patients:
The sample size calculation to compare tertiary care patients is based on detecting
a minimal difference of 4 units of the CAT (4/40 is a proportion of 0.10 of the
maximum of 40 units of the CAT).
For this sample size calculations was used:
Power 1-β = .80
Significance level α = .05
Formula:
N = {(zα/2 + z1-β )2 * pmean * (1- pmean )* (1+r)}/ {d2 * r}
zα/2 = 1.96 (for two sided α = 0.05)
z1-β = 0.84 (for 1-β = 0.80)
pmean = (r *pcopd patient + pcopd patient)/(r+1) gives (1* 0.25 + 0.25)/(1+1)= 0.25
pcopd patient = 0.25
difference d = 0.10
ratio r = 1
N = {(1.96 + 0.84)2 * 0.25 * (1- 0.25) * (1+1)}/(0.102 *1) resulted in an n = 294
≈300.
So, the total tertiary care patients group should consist 2 *300 tertiary care patients.
The GOLD II and GOLD III tertiary care patients group will consist in 300
patients and the GOLD IV tertiary care patients will also consist of 300 patients.
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Sample size calculation for comparing primary care and secondary care COPD
patients with tertiary care COPD patients:
The sample size calculation to compare tertiary care patients with primary care and
secondary care is based on detecting a minimal difference between 4.5 and 5 units
of the CAT (4.5/40 is a proportion of 0.11 of the maximum of 40 units of the
CAT and 5/40 is a proportion of 0.13 of the maximum of 40 units of the CAT).
For the sample size calculation with 4.5 units difference was used:
Power 1-β = .80
Significance level α = .05
Formula:
N = {(zα/2 + z1-β )2 * pmean * (1- pmean )* (1+r)}/ {d2 * r}
zα/2 = 1.96 (for two sided α = 0.05)
z1-β = 0.84 (for 1-β = 0.80)
pmean = (r *pcopd patient + pcopd patient)/(r+1) gives (1* 0.25 + 0.25)/(1+1)= 0.25
pcopd patient = 0.25
difference d = 0.11
ratio r = 1
N = {(1.96 + 0.84)2 * 0.25 * (1- 0.25) * (1+1)}/(0.112 *1) resulted in an n = 232.3
≈235
For the sample size calculation with 5 units difference was used:
Power 1-β = .80
Significance level α = .05
Formula:
N = {(zα/2 + z1-β )2 * pmean * (1- pmean )* (1+r)}/ {d2 * r}
zα/2 = 1.96 (for two sided α = 0.05)
z1-β = 0.84 (for 1-β = 0.80)
pmean = (r *pcopd patient + pcopd patient)/(r+1) gives (1* 0.25 + 0.25)/(1+1)= 0.25
pcopd patient = 0.25
difference d = 0.13
ratio r = 1
N = {(1.96 + 0.84)2 * 0.25 * (1- 0.25) * (1+1)}/(0.132 *1) resulted in an n = 188.2
≈190.
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The total tertiary care COPD patients group and the combination of the primary
care and secondary care COPD patients consist between 190 and 235 patients for
this analyse. Therefore for this study 200 primary care and secondary care COPD
patients will be included. A sample of the tertiary care patients of 200 patients will
be used for these analyses.

Sample size calculation for comparing non-COPD controls with tertiary care
COPD patients:
The sample size calculation is based on detecting a minimal difference of 5 units of
the CAT (5/40 is a proportion of 0.125 of the maximum of 40 units of the CAT)
between COPD patients (3 groups) and non-COPD controls (2 groups). The
sample size calculation is repeated with COPD patients as one group and nonCOPD controls as one group.
The mean of non-COPD control is estimated on 5 units of the CAT. A minimal
difference of 5 units with COPD patients resulted that the lowest mean of the
CAT for COPD patients should be 10 units (this is a proportion of 0.25 of the
maximum of 40 units of the CAT).
For this sample size calculations was used:
Power 1-β = .80
Significance level α = .05
Formula:
N = {(zα/2 + z1-β )2 * pmean * (1- pmean )* (1+r)}/ {d2 * r}
zα/2 = 1.96 (for two sided α = 0.05)
z1-β = 0.84 (for 1-β = 0.80)
pmean = (r *pcopd patient + pnon-copd control)/(r+1) gives (1.5* 0.25 + 0.125)/(1.5+1)=
0.5/2.5 =0.20
pcopd patient = 0.25
pnon-copd control = 0.125
difference d = 0.25 - 0.125 = 0.125
ratio r = 1.5
N = {(1.96 + 0.84)2 * 0.20 * (1- 0.20) * (1+1.5)}/(0.1252 *1.5) resulted in an n =
133.8 ≈134. Based on this calculation the total non-COPD control group should
consist 134 participants and the total COPD group should consist 1.5*133.8 =
200.7 ≈ 201 patients.

45

2

Chapter 2
For this sample size calculations was used:
Power 1-β = .80
Significance level α = .05
Formula:
N = {(zα/2 + z1-β )2 * pmean * (1- pmean )* (1+r)}/ {d2 * r}
zα/2 = 1.96 (for two sided α = 0.05)
z1-β = 0.84 (for 1-β = 0.80)
pmean = (r *pcopd patient + pnon-copd control)/(r+1) gives (1* 0.25 + 0.125)/(1+1)=
0.375/2 =0.19
pcopd patient = 0.25
pnon-copd control = 0.125
difference d = 0.25 - 0.125 = 0.125
ratio r = 1
N = {(1.96 + 0.84)2 * 0.19 * (1- 0.19) * (1+1)}/(0.1252 *1) resulted in an n =
152.88 ≈ 153. Based on this calculation the total non-COPD control group should
consist 153 participants and the total COPD group should consist 153 patients.
The total tertiary care COPD patients group and the non-COPD control group
should consist between 134 and 153 patients for this analyse. Therefore for this
study 150 non-COPD controls will be included. A minimum sample of 150 tertiary
care patients will be used for these analyses.

Adjustments to the sample size calculation:
There are some concerns regarding the initial sample size calculation. The
following reasons underline the adequacy and sufficiency of a smaller sample size,
regarding tertiary care patients (n=500), for the current study.
1. The sample size calculation was based on the out-dated international COPD
GOLD 2007 guideline which classified COPD patients into four groups (GOLD I
to IV), based on the degree of airflow limitation. However, the 2011 GOLD
strategy started classifying patients in four groups based on the combination of the
degree of airflow limitation and the number of exacerbations in the past twelve
months and health status/severity of symptoms. This new classification has further
been elaborated and described in the latest WHO COPD GOLD 2015 document.
Consequently, these substantial changes impact the original foundation of the
subgroups: it was outdated and a new composition was necessary.
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2. One objective of the current study is to study the impact of cardiovascular
comorbidities on CAT-scores. An interim analyses showed that a sample size
between n=4322 and n=46044 was necessary to detect differences in CAT-scores
between patients with and without cardiovascular comorbidities (table 1).
However, this sample size is not reasonable and it is not meaningful for the current
study to include 600 patients anymore.

2

Table 1. Sample size calculation based on available data (baseline data of tertiary care patients)
n
Cardiovascular comorbidity
No cardiovascular comorbidity
Total sample size
Impaired ejection fraction
No impaired ejection fraction
Total sample size

192
221
4322
65
350
46044

Baseline CATscore (mean)
21.13
21.63

Baseline CAT-score
(standard deviation)
6.77
6.55

21.54
21.38

7.11
6.56

The sample size has been calculated with the program G*power 3.1.9. [Friedman
et al. “Fundamentals of Clinical Trails” (3rd edition) 1998; Faul et al. Behavior
Research Methods 2007].
The performed test is: t-test mean difference between two independent means
(two groups) with a power of 0.80 and α-error: 0.05.
3. Furthermore, a minimal clinically important differences of 2 points for the
CAT has been established (Kon et al. Lancet Respir Med 2014). This was not
available at the time of the initial sample size calculation. A second interim analyses
revealed that GOLD II, GOLD III and GOLD IV patients following
rehabilitation showed a clinically relevant improvement of their health status (table
2). Thus, it is possible to detect clinically relevant changes with the present
available data.

Table 2. Sample size calculation based on available data (change in CAT-score, longitudinal
data (before and after rehabilitation) of tertiary care patients

GOLD stage

n

2
3
4

95
102
56

Change in CAT score
(mean)
-2.61
-3.50
-2.98

Change in CAT score
(standard deviation)
6.94
6.88
7.69
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4. However, using these data (table 2) to re-calculate the sample size, a sample of
n=3084 was needed (table 3). This is due to small differences in variances. As
mentioned earlier, this sample size is not reasonable and meaningful for the current
study.

Table 3. Sample size calculation based on available data (change in CAT-score, longitudinal
data (before and after rehabilitation) of tertiary care patients

GOLD stage

n

Change in CAT
score (mean)

2
3
4
Between variance
Within variance
Total sample size

95
102
56

-2.61
-3.50
-2.98

3084

Change in CAT
score (standard
deviation)
6.94
6.88
7.69

39.260
12553.072

The sample size has been calculated with the program G*power 3.1.9. [Friedman
et al. “Fundamentals of Clinical Trails” (3rd edition) 1998; Faul et al. Behavior
Research Methods 2007].
The performed test is: F-test; ANOVA: fixed effects omnibus, one-way, with a
power of 0.80 and α-error: 0.05.
5. During the period we requested approval of the local medical ethical committee
to adjust the sample size calculation, nearly 500 tertiary care patients were included
in the study. Due to the unfeasible amount of patients needed after a recalculation of the sample size, we suggested a study sample of 500 patients. Some
observational research has been published studying the change of CAT in patients
with COPD following pulmonary rehabilitation. The sample sizes in these studies
varied between n=118 and n= 377 (e.g. Dodd et al. Thorax 2011, Dodd et al. COPD
2012, Kon et al. Respiration 2013) underlying the sufficiency of 500 patients for the
current study.
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ABSTRACT

Background Chronic obstructive pulmonary disease (COPD) is associated with
a significantly impaired health status and lost work productivity across all degrees
of airflow limitation. The current study investigated whether an impaired health
status is better represented by the recommended COPD Assessment Test (CAT)
cut-point of 10 points, or the 95th percentile of CAT score in a non-COPD
population. Additionally, the impact of COPD on health status in a Dutch
population, after stratification for work status, was measured.
Demographics, clinical characteristics, post-bronchodilator
Methods
spirometry, and CAT were assessed in subjects from the Longitudinal Aging Study
Amsterdam (LASA), a large Dutch population-based study. Normative values for
CAT score were described by percentiles using the mean, standard deviation,
median and range.
In total, 810 COPD and non-COPD subjects (50.4% male, mean
Results
age 60.5±2.9 years) were analyzed. Significant differences were observed in CAT
scores between non-COPD and COPD subjects (6.7±5.2 vs. 9.5±5.9, p<0.001
respectively). The proportion of COPD subjects with an impaired health status
differed between applying the CAT ≥10 cut-point (50.0%) and applying the 95th
percentile of CAT in non-COPD subjects (>18 cut-point; 7.6%). Higher CAT
scores were seen in working COPD patients compared to working non-COPD
subjects (9.3 ± 5.2 vs. 6.0 ± 4.6, p <0.001).
Conclusion We suggest a CAT cut-point of >18 points to indicate an impaired
health status in COPD. This would imply an adaptation of the current GOLD
classification of the disease.
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INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is a lung disease characterized by
persistent respiratory symptoms and chronic airflow limitation (1). In addition to
the pulmonary manifestations, COPD often provokes symptoms of anxiety and
depression and causes limitations in daily life. In addition, a recent international
patient survey revealed that 6% to 52% of working age patients are completely
prevented from working due to their COPD (2). The impact of these restrictions
is often underestimated (3,4). The COPD Assessment Test (CAT) is a simple
patient-completed questionnaire, developed to quantify the impact of COPD on
health status, focusing on daily symptoms and activities (5). Patients with an
impaired health status experience a high burden of symptoms (6).
The Global initiative for chronic Obstructive Lung Disease (GOLD) strategy
describes an impaired health status as a CAT total score of ≥10 points, which is
derived from the St. George respiratory questionnaire (SGRQ) cut-point of ≥25
points (1). Previous studies determined normative values for other health-related
measurements, e.g. echocardiographic measurements, according to the 95th
percentile in a reference population (7,8). Defining abnormalities based on
percentile values will account for an asymmetric distribution and the range of
abnormality present within a population (9). With the current GOLD CAT cutpoint of ≥10 points, only a minority of primary care COPD patients has a normal
health status (6,10). Moreover, previous research showed that an impaired health
status, derived from the current GOLD CAT cut-point, already occurs in half of
the current or former smokers without airway obstruction (11). This highlights
the importance of understanding what an abnormal CAT value is, as it
consequently also influences treatment choices in these patients. The large
proportion of patients with an impaired health status resulting from the current
GOLD CAT cut-point, raises the question if deriving abnormal values from the
95th percentile of CAT in a non-COPD population would give a better
representation of reality, as suggested for several countries (12-14).
While the societal burden of COPD is considerable, the impact of
sociodemographic characteristics, such as work status on health status is largely
unknown. Less ability to participate in society and not being able to work are
important concepts in an impaired health status (15). Previous research showed
comparable CAT scores between a working COPD population and a working
non-COPD population (12).
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The primary aim of this study was to investigate which cut-off value represents an
abnormal CAT score for non-COPD subjects in a Dutch population. The
secondary aim was to measure the impact of COPD on health status in a Dutch
population, after stratification for work status.
METHODS
Current data are collected from a subsample of the Longitudinal Aging Study
Amsterdam (LASA), a large population-based study (16). The study was initiated
by the Dutch Ministry of Welfare, Health and Culture to determine consequences
and predictors of aging, focusing on physical, emotional, cognitive and social
functioning in late life. Ethical approval for the LASA study was given by the
Medical Ethics Committee of the VU University Medical Centre Amsterdam
(METC number 2012/361).
Population
Subjects aged between 55-65 years were randomly sampled from 11 municipalities
of three culturally different geographic regions (Amsterdam, Zwolle and Oss) in
the Netherlands. Subjects were drawn from the population registers and
subsequently interviewed by trained persons in their homes. To comprise the
original sample, no in- or exclusion criteria were outlined in the LASA study.
However, individuals who did not completed the medical interview and/or did not
performed a spirometry were not included in the analyses.
Measurements
Between November 2012 and November 2013, subjects received a baseline
interview assessing demographics, smoking history, work status, self-reported
diseases and post-bronchodilator spirometry (forced expiratory volume in the first
second, FEV1, and forced vital capacity, FVC). The spirometry was conducted
with a Vmax Vyntus SPIRO - USB PC Spirometer from CareFusion (Höchberg,
Germany), 15 minutes after inhalation of 200 μg salbutamol (Airomir autohaler,
Teva). Global Lung function Initiative (GLI) reference values were applied.
Instead of managing the GOLD suggested fixed cut-off point for obstruction
(FEV1/FVC ratio <0.7), a FEV1/FVC ratio after bronchodilator lower than the 5th
percentile (from reference values) was applied to define airway obstruction (17).
Patients with COPD were divided into four groups; spirometric grade 1 (FEV1≥
80%); spirometric grade 2 (FEV1 50-79%); spirometric grade 3 (FEV1 30-49%);
and spirometric grade 4 (FEV1 <30%), based on the GOLD strategy 2017 (1).
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Additionally, health status was assessed with the CAT. The CAT is an eight-item
patient-completed questionnaire, designed to measure health status in patient with
COPD. Item scores range from 0 to 5 points, whereby the total score varies
between 0 (best health status) and 40 points (worst health status) (5). An impaired
health status was defined with the CAT ≥10 cut-point and 95th percentile of the
non-COPD population.
Statistics
Descriptive statistics, including means (standard deviation, SD) and median
(interquartile range, IQR), were applied. Categorical variables were described as
frequencies. CAT normative values were described by percentiles using mean (SD),
median and range. First, the calculation of normative values was performed in the
whole non-COPD population. All variables were tested for normality with the
Kolmogorov-Smirnov test. Differences between non-COPD subjects and COPD
patients were assessed by performing an independent Student’s t-test, when
normally distributed. Otherwise, a Mann-Whitney U test and two-independentsamples Tests were done to compare the two groups. When appropriate, a post
hoc least significance difference multiple comparisons was performed. A KruskalWallis test was assessed for not-normally distributed variables and a Chi-square test
was applied for categorical variables. Similar analyses were performed to compare
working and non-working groups. A p-value of less than 0.05 was considered
statistically significant. All statistics were done using SPSS V.20.0.
RESULTS
In total, 810 subjects (50.4% male, mean age 60.5 (2.9) years) were included, 68
(8.4%) of which had a chronic airflow limitation: 18 GOLD spirometric grade 1;
43 GOLD spirometric grade 2; 5 GOLD spirometric grade 3; and 2 GOLD
spirometric grade 4 (see figure 1 for flowchart). Twenty-seven of the COPD
subjects (40%) were previously diagnosed with a respiratory disease; 10 (37%)
received COPD treatment from a general practitioner, 7 (26%) received COPD
treatment from a specialist and 10 (37%) received no treatment. The non-COPD
and COPD groups were similar regarding age, gender, BMI and comorbidities.
Non-COPD subjects were less often current smokers and had a higher FEV1%
predicted than subjects with COPD (Table 1).
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Table 1. Baseline characteristics of study participants

Men, n (%)
Age, years
BMI, kg/m2
Current smoker, n (%)
Packyears, n
FEV1, %predicted

non-COPD
subjects (n=742)
372 (50.1)
60.4 (2.9)
26.6 (23.8-29.5)a
120 (16.2)
11.7 (16.9)
99.5 (90.4-109.6)b

COPD subjects
(n=68)
36 (52.9)
60.9 (2.8)
26.0 (23.3-28.9)h
28 (41.2)
28.5 (25.5)
67.6 (60.4-80.4)

0.658
0.227
0.407
<0.001*
<0.001*
<0.001*

FEV1/FVC, %

79.9 (75.7-83.2)

61.6 (54.2-64.3)

<0.001*

Self-reported diseases
- Heart disease, n (%)
- Arteries disease or abnormalities, n (%)
- Diabetes, n (%)
- Cerebrovascular accident, n (%)
- Osteoarthritis, n (%)
- Rheumatoid arthritis, n (%)
- Cancer, n (%)
- Other chronic disease, n (%)
CAT total score, points
- CAT cough, points
- CAT phlegm, points
- CAT chest tightness, points
- CAT breathlessness during activities, points
- CAT activity at home, points
- CAT confidence in leaving home, points
- CAT sleep, points
- CAT energy, points
Subjects with CAT ≥10 points, n (%)
Subjects with CAT >18 points, n (%)
SR-physician’s respiratory diagnosis, yes(n)
Treatment for respiratory diagnosis, yes(n)

77 (10.4)
22 (3.0)
57 (7.7)
16 (2.2)
307 (41.4)
59 (8.0)
67 (9.0)
248 (33.4)
6.7 (5.2)c
1.2 (1.0)
0.0 (0.0-1.0)
0.0 (0.0-1.0)
1.2 (1.2)d
0.0 (0.0- 0.0)
0.0 (0.0-0.0)e
1.4 (1.4)f
1.3 (1.2)g
165 (22.8)c
28 (3.9)c
46 (6.2)
30 (4.0)

12 (17.6)
4 (5.9)
5 (7.4)
2 (2.9)
24 (35.3)
5 (7.4)
7 (10.3)
17 (25.0)
9.5 (5.9)i
1.7 (1.2)
1.0 (0.0-2.0)
0.0 (0.0-1.0)
2.1 (1.6)
0.0 (0.0-1.0)
0.0 (0.0-0.0)j
1.4 (1.5)k
1.3 (1.2)l
33 (50.0)i
5 (7.6)i
27 (39.7)
17 (25.0)

0.067
0.191
0.922
0.674
0.329
0.861
0.729
0.156
<0.001*
<0.001*
<0.001*
0.214
<0.001*
0.195
0.099
0.995
0.974
<0.001*
0.150
<0.001*
<0.001*

p-value

Values expressed as mean (SD), median (IQR), number of patients (n) or proportion (%). *= p≤0.05
a= 2 participants missing, b=1 participant missing, c=19 participants missing, d= 3 participants missing,
e= 15 participants missing, f= 10 participants missing, g= 2 participants missing, h= 1 participant missing,
i= 2 participants missing, j= 1 participant missing, k=2 participants missing, l= 1 participant missing.
Abbreviations: BMI, Body Mass Index, FEV1, forced expiratory volume in the first second; FVC,
Forced Vital Capacity; SR, Self-reported; COPD, Chronic Obstructive Pulmonary Disease; CAT,
COPD Assessment Test.
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COPD versus non-COPD
CAT total scores were significantly lower in non-COPD subjects than in COPD
subjects. COPD subjects had significantly higher scores on CAT questions related
to cough, phlegm and breathlessness during activities (Table 1). CAT values of
non-COPD subjects ranged from 0 to 29 points, with the 95th percentile at 18
points (Table 2). When applying the CAT ≥10 cut-point, 50.0% of COPD subjects
had an impaired health status and when using a CAT >18 cut-point 7.6% of
COPD subjects had an impaired health status, see Table 2.
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Table 2. CAT normative values for COPD and non-COPD subjects
Mean CAT (SD)
Median
Range CAT (min-max)
CAT 5th percentile
CAT 10th percentile
CAT 25th percentile
CAT 75th percentile
CAT 90th percentile
CAT 95th percentile
Mean CAT (SD)
Median
Range CAT (min-max)
CAT 5th percentile
CAT 10th percentile
CAT 25th percentile
CAT 75th percentile
CAT 90th percentile
CAT 95th percentile
a=

N=
723
723
723
723
723
723
723
723
723
N=
66
66
66
66
66
66
66
66
66

non-COPD subjectsa+b
6.7 (5.2)
6.00
0-29
0.00
1.00
3.00
9.00
14.00
18.00
COPD subjectsc
9.5 (5.9)
9.50
0-27
0.00
2.70
4.75
13.25
17.30
19.65

11 participants missing, b= 8 participants missing, c=2 participants missing.

Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; CAT, COPD Assessment Test; SD,
Standard Deviation.

Work status
As shown in Figure 1, CAT total scores were significantly lower in non-COPD
subjects with a job, compared to non-COPD subjects without a job, p <0.001. No
significant differences were observed between a working and non-working COPD
population, p <0.741. Moreover, significantly higher CAT scores were observed in
a working population with COPD in comparison to a working population without
COPD, p <0.001.
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Figure 1. CAT stratified by work status. A) working population versus non-working population in
non-COPD subjects, B) working population versus non-working population in patients with COPD
and C) non-COPD subjects versus patients with COPD in a working population.
Abbreviations: CAT, COPD Assessment Test; COPD, Chronic Obstructive Pulmonary Disease
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DISCUSSION
This is the first study examining normative values for CAT performed in a Dutch
population. It shows that approximately 20% of the non-COPD subjects had an
impaired health status according to the current cut-point suggested by GOLD
(CAT ≥10 points). Based on the 95th percentile of the CAT in a non-COPD
population, a new CAT cut-point of >18 points was suggested to indicate an
impaired health status. No significant differences in CAT score were found
between a working and non-working COPD population. Normative values should
be taken into account when applying the refined GOLD assessment to Dutch
COPD patients in clinical practice.
In accordance with previous research (18), the current study showed that patients
with COPD had significantly more symptoms of cough, phlegm and
breathlessness during activities. Reported mean CAT total scores in COPD
subjects vary between 7.3 points (± 5.2 [n=67, Japan]), 16.6 points (95% CI= 15.516.8 [n=806, Arabic countries]) and 20.9 points (95% CI= 16.9-22.2 [n=229,
Turkey]) (12-14). A mean CAT of 9.5 points was observed in the current study.
Moreover, a value of 18 points was found as the 95th percentile of CAT total
scores in non-COPD subjects, resulting in 7.6% of the COPD patients with an
impaired health status. Previous studies showed that the 95th percentile of CAT
total scores in non-COPD subjects varies between 14 points (n=1266, Japan),
16 points (n=500, Canada), 21 points (n=2863, Arabic countries) and 28 points
(n=872, Turkey) (12-14). Differences in disease severity, demographics,
comorbidities, care setting, religion, culture and socio-economic factors may
account for the observed variation (19-22). When comparing disease severity
between studies, airflow obstruction was equivalent (12-14). Furthermore, not all
previously performed studies measured comorbidities, and if they did, often other
diseases were assessed, making a comparison difficult. Indeed, Nishimura and
colleagues showed that a working population is often more active during the day
(12), resulting in a better health status and less symptoms (23). Moreover, the use
of a CAT cut-point of >18 points is supported by the study of Casanova and
colleagues, stating that a CAT cut point of >18 points more comprehensively
categorizes patients with COPD according to the GOLD classification and more
adequately predicts all-cause mortality (24).
While the current study found differences in CAT scores between a working and
non-working non-COPD population, no significant differences were found
between a working and non-working COPD population. In addition, COPD
patients with a job still had significantly higher CAT scores than non-COPD
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subjects with a job. So, it is possible that having a job solely improves heath status
(to a certain extent) in a general population, but this does not account for COPD
patients. Previous research indicates that variation between multiple populations
can also be explained by differences in quality of life between countries (25).
Defining influences of the other variables (demographics, care setting, religion,
culture and socio-economic factors) goes beyond the scope of this study.
Another important factor to consider, when describing normative values, is the
impact of comorbidities. In the current study, approximately 10% of the nonCOPD subjects reported a heart disease, presumably leading to a higher CAT total
score. However, there are several reasons for not excluding comorbidities in the
non-COPD group. First, a study from Gupta and colleagues indicated that only
depression, myocardial infarction, angina and/or pneumonia influence CAT score
(26). Another study showed that solely gastro-esophageal reflux disease and
depression have impact on CAT (27). However, not all these comorbidities were
assessed. Therefore, we were not able to determine these influences. Also,
comorbidities in the current study were self-reported. The study of Triest and
colleagues showed a poor agreement between objectively identified and chart-based
comorbidities in patients with COPD (28), resulting in unreliable outcomes. Finally,
as patients with COPD also experience many comorbidities (29), it would be
unrealistic to compare patients with completely healthy individuals. Subsequently,
the current results showed no differences in comorbidities between subjects with or
without COPD. This indicates that comorbidities are not specifically related to
COPD, making them valuable for normative values of the CAT.
Limitations
There are some limitations to this study. First, selection bias could have occurred,
indicating that people with lack of motivation or with a worse health condition are
less willing to participate. These people may also be less willing to perform a lung
function test, leading to more favorable outcomes. However, we tried to minimize
selection bias by randomly selecting the participants. Second, participants were
between the age of 55-65 years. Despite the limited variance in age, results are in
accordance with previous research in other countries. Therefore, it is expected that
the results are representative, though one should be careful in generalizing to other
age groups. Third, comorbidities and a former diagnosis of COPD were selfreported. Also, COPD was defined as a self-reported diagnosis of chronic
bronchitis, asthma, emphysema, or COPD. Initially, it is a disadvantage that the
diagnosis is self-reported as it is less accurate than the original doctor diagnosis.
Besides that, no distinction was made between various respiratory diseases. This
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makes it impossible to specify whether the participant was diagnosed with chronic
bronchitis, asthma, emphysema or COPD.
CONCLUSION
A new CAT cut-point of >18 points is suggested to indicate an impaired health
status in patients with COPD, as approximately one in five non-COPD subjects
has abnormal CAT scores according to current international standards. These
normative values should be taken into account when applying the updated GOLD
assessment to Dutch COPD patients in clinical practice.
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SUPPLEMENTARY MATERIAL
Total number LASA cohort:
n= 1023

n=121
n=7
n=5
n=1

Participant refused medical interview
Not contacted for medical interview
Ineligible
Decreased

Total number including
medical interview:
n= 889

n=18
n=15
n=6
n=6
n=5
n=4
n=1

No spirometry due to physical reasons
Spirometer did not work/parts missing
Participant refused spirometry
No medication available to perform spirometry
Limited time, unable to perform spirometry
Environment not suitable to perform spirometry
Demographic data missing, unable to
calculate reference values
Unknown

Total number of patients
with required data:
n= 810

n=24

Figure E1. Flow diagram of subject inclusion
Abbreviations: LASA, Longitudinal Aging Study Amsterdam
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ABSTRACT
Introduction The burden of COPD is mainly studied in highly-selected patient
samples. This study aims to examine the features of subjects with COPD in a
Dutch population-based sample and compare their physical status, mental status,
and social status to non-COPD subjects.
Methods
The current study made use of the Longitudinal Aging Study
Amsterdam (LASA). Demographics, clinical characteristics, self-reported diseases,
post-bronchodilator spirometry, physical status (i.e. physical subscale of SF-12 and
6-meter walking speed test), mental status (i.e. CAT; COPD Assessment test and
EQ5D; EuroQuol 5D and its Visual Analogue Scale) and social status (i.e. having a
partner and instrumental/emotional support) were assessed.
Results
810 subjects (50.5% male, mean age 60.5 ± 2.9 years) were
included. Subjects with COPD (n=68, mean FEV1 67.6 [IQR 60.4-80.4] %) had a
slower walking speed than non-COPD subjects, p=0.033. COPD subjects rated their
health and life worse (physical subscale of SF-12: 15 [IQR 16.0-19.0] vs. 18 [IQR
11.0-17.0] points, EQ5D VAS: 75 [IQR 70.0-90.0] vs. 80 points [IQR 65.0-85.5],
respectively), had a more impaired disease-specific health status (CAT: 9.5 ±5.9 vs.
6.7 ±5.2, respectively), less frequently had a partner (69% vs. 84%, respectively) and
less often received emotional support (24% vs. 36%, respectively) compared to nonCOPD subjects, for all p<0.001.
Conclusion
In a population based sample, subjects with COPD have a
reduced physical performance, a more impaired disease specific health status and
are socially deprived compared to non-COPD subjects. These impairments need to
be taken into consideration when setting up a management program for mild
COPD.
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INTRODUCTION
In 2015, Global Lungs Initiative (GLI) reference values were implemented in the
chronic obstructive pulmonary disease (COPD) guidelines of the Dutch society for
primary care in the Netherlands (1). Currently, a FEV1/FVC ratio after
bronchodilator lower than the 5th percentile (from reference values), instead of the
fixed cut-off point (FEV1/FVC ratio <0.7), is used to define chronic airflow
limitation (2). Understanding of the clinical characteristics of subjects diagnosed
with COPD according to these new reference values is limited. Moreover, most
studies aimed at investigating the burden of COPD were performed in selected
patient populations. Subjects without a significant smoking history (>15 pack
years) and subjects with other comorbidities (expressing similar symptoms as
COPD) are often excluded from these studies (3). In addition, subjects with
COPD visiting a chest physician or referred for pulmonary rehabilitation were
more frequently represented in existing literature, than undiagnosed subjects
meeting the spirometric criteria for COPD or subjects with COPD who receive
treatment from a general practitioner (GP) (3,4). While undiagnosed subjects seem
to be healthier than subjects with a diagnosis of obstructive lung disease, still an
impaired health status, impaired functional status and increased risk of death was
observed compared to non-COPD subjects (5,6). This highlights the importance
of increasing our understanding of COPD in a broader population without
exclusion of patients with mild to moderate COPD, a smoking history of <15 pack
years and/or specific comorbidities, and allows us to question the generalizability
and clinical significance of previous studies.
COPD is a common lung disease characterized by persistent airflow limitation.
Moreover, COPD is now recognized as a multicomponent disease. It also affects
systems and organs outside the lungs, the so-called systemic effects of COPD (e.g.
weight loss, muscle dysfunction, cardiovascular disease) (7). Systemic effects of
COPD relate to physical, mental and social impairments. For instance, previous
research indicates that subjects with COPD have a lower physical activity level,
already occurring early in the disease process, a substantially impaired lower limb
muscle- and handgrip strength and a lower endurance capacity in comparison with
non-COPD subjects (8-10). Additionally, it was shown that subjects with COPD
have a worse mental status compared to non-COPD subjects: more symptoms of
anxiety and depression, a lower quality of life, more cognitive dysfunction and
more symptoms of fatigue (11-14). While it is shown that the diagnosis of COPD
has social consequences (15,16), little is known about how these consequences
express in daily living (e.g. personal network size, frequency of daily support or
satisfaction with received help). Therefore, the current study had the following
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aims: 1) to study the features (e.g. age, gender, smoking history, lung function,
comorbidities) of subjects with COPD in a Dutch population-based sample and 2)
to compare physical status, mental status, and social status in a population-based
sample of COPD subjects with non-COPD subjects from the same population.
METHODS
Current data are part of the Longitudinal Aging Study Amsterdam (LASA), a large
population-based study designed to determine predictors and consequences of
physical, emotional, cognitive and social functioning in late life. Ethical approval
for the LASA study was given by the Medical Ethics Committee of the VU
University Medical Center Amsterdam (METC number 2012/361). Extended
information of the LASA study design has been published previously (17).
Participants
Subjects aged between 55-65 years were recruited between November 2012 and
November 2013. Subjects were randomly sampled from 11 municipality registers in
the regions Amsterdam, Zwolle and Oss in the Netherlands. They received
information about the study by letter, were contacted by phone and, when approved,
subsequently interviewed in their home environment. Other than age, no in- or
exclusion criteria were defined. All subjects gave written informed consent before
entering the study. Only data from subjects who completed the post-bronchodilator
spirometry were included in the current analysis. The details about recruitment and
assessment have been described in the previously published protocol (17).
Measurements
Demographics, smoking history, blood pressure, self-reported comorbid diseases
(heart diseases, peripheral artery diseases, diabetes, CVA, incontinence,
osteoarthritis, rheumatoid arthritis, cancer and other chronic diseases) and medical
history were recorded. Subjects were questioned if they had chronic bronchitis,
emphysema or COPD. A post-bronchodilator spirometry (forced expiratory
volume in the first second, FEV1, and forced vital capacity, FVC) was performed
to assess COPD. The spirometry was conducted with a Vmax Vyntus SPIRO USB PC Spirometer from CareFusion (Höchberg, Germany), 15 minutes after
inhalation of 200 μg salbutamol. Additionally, the following spirometry errors were
registered: insufficient number (less than 3) successful forced tests, two highest
FEV1 values were not within 150 ml, two highest FVC values were not within 150
ml, a (maximal volume) exhalation time of less than 6 seconds and a combination
of multiple errors (18). COPD was defined according to the lower limit of normal
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(LLN) (19). Subjects with COPD were divided in traditional GOLD grades for
airflow limitation; grade 1 (FEV1 >80 % predicted), grade 2 (FEV1 50-80%
predicted), grade 3 (FEV1 30-50% predicted) or grade 4 (FEV1 <30% predicted).
Physical, mental and social status were assessed as follows:
- Physical status: self-reported health, number of falls in the past year,
experience of pain, sleep quality, self-reported sedentary behavior, handgrip
strength, 6-meter walking 6 speed and use of aids during daily life
- Mental status: cognitive test, 15 Words Test, 15WT (20); overall life
satisfaction; mood status, Hospital Anxiety and Depression Scale – Anxiety
subscale, HADS-A and Center for Epidemiologic Studies Depression Scale,
CES-D (21); disease specific health status, COPD assessment test, CAT
(22); generic health status, EuroQuol 5D and its Visual Analogue Scale,
EQ5D VAS (23), and 12-Item Short Form Health Survey, SF-12 (24)
- Social status: the interviewer asked questions about having a partner yes or
no, marital status, daily support from partner, personal network size,
received instrumental and emotional support, loneliness (measured using the
De Jong Gierveld loneliness scale (25)), personal, domestic or personal help
and employment (17)
Data availability
LASA data are available for research. To obtain data, researchers need to submit
an analysis proposal that is evaluated by the LASA Steering Group. The LASA
Steering Group has adopted a policy of open sharing of data with interested
researchers for specific research questions on aging-related issues. More
information on data requests can be found at the study website: www.lasa-vu.nl.
Statistics
Descriptive statistics were applied, including mean and standard deviation (SD),
median and interquartile range (IQR), and/or proportions, as appropriate.
Categorical variables were described as absolute numbers and frequencies.
Variables were tested for normality with a Skewness and Kurtosis test. Subjects
with and without COPD were compared. A Mann-Whitney U test and one-way
analysis of variances (ANOVA) were applied for normally distributed variables.
When appropriate, post hoc least significance difference (LSD) multiple
comparisons were performed. A Kruskal-Wallis test was assessed for not-normally
distributed variables and a Chi-square test was applied for categorical variables. A
p-value of less than or equal to 0.05 was considered statistically significant.
Statistics were performed with SPSS V.20.0.
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RESULTS
In total, 889 subjects were included in the measurement wave in 2012/13. Of
those, 810 subjects completed spirometry (see appendix Figure E1 for flow-chart),
of which 742 subjects (91.6%) had a FEV1/FVC above the 5th percentile and 68
subjects (8.4%) fulfilled the diagnostic criterion for chronic airflow limitation; 18
GOLD grade 1; 43 GOLD grade 2; 5 GOLD grade 3; and 2 GOLD grade 4. Of
these 68 subjects with COPD, 27 subjects (40%) were previously diagnosed with a
respiratory disease (self-reported). Features of the study subjects are presented in
Table 1.
Table 1. Features of study subjects
N
Men, n (%)
Age, years
Current smoker, n (%)
Packyears, n

Non-COPD subjects
742
372 (50.1)
60.4 (2.9)
120 (16.2)*
3.9 (0.0-18.8)*

COPD subjects
68
36 (52.9)
60.9 (2.8)
28 (41.2)
23.6 (10.2-41.1)

FEV1% predicted
FEV1/FVC, %
BMI, kg/m2
Systolic blood pressure, /mm Hg
Diastolic blood pressure, /mm Hg
Number of SR-comorbidities, points
- Respiratory diseases, n (%)
- Heart diseases, n (%)
- Peripheral artery diseases, n (%)
- Diabetes, n (%)
- CVA, n (%)
- Incontinence, n (%)
- Osteoarthritis, n (%)
- Rheumatoid arthritis, n (%)
- Cancer, n (%)
- Other chronic diseases, n (%)
Number of medications

99.5 (90.4-109.6)*
79.9 (75.7-83.2)*
26.6 (23.8-29.5)
136.0 (123.0-149.0)
83.0 (75.0-90.0)
1.5 (1.4)
46 (6.2)*
77 (10.4)
22 (3.0)
57 (7.7)
16 (2.2)
118 (15.9)
307 (41.4)
59 (8.0)
67 (9.0)
248 (33.4)
1.0 (0.0-2.0)*

67.6 (60.4-80.4)
61.6 (54.2-64.3)
26.0 (23.3-28.9)
134.0 (125.0-149.8)
81.5 (75.0-91.0)
1.7 (1.4)
27 (39.7)
12 (17.6)
4 (9.8)
5 (12.2)
2 (4.9)
10 (14.7)
24 (35.3)
5 (7.4)
7 (10.3)
17 (25.0)
2.0 (0.0-4.8)

Values expressed as mean (SD), median (IQR) or number of patients (%).
*= p≤0.05 versus group COPD patients
Abbreviations: FEV1, forced expiratory volume in the first second; FVC, forced vital capacity; BMI,
body mass index; FFMI, fat free mass index; SR, Self-Reported.
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Features of the COPD subjects
Subjects with and without COPD were comparable concerning age, gender
distribution, BMI and comorbidities. Noticeable, a high percentage of incontinence
(non-COPD subjects: 15.9%, and COPD subjects: 14.7%) was found in both
groups. However, COPD subjects were more often current smoker, had more
pack years, a worse lung function and used more medication than non-COPD
subjects (Table 1).
Physical status
COPD subjects rated their physical health worse (p<0.001) and walked more
slowly on a distance of 6 meters (p=0.033) compared to non-COPD subjects, see
Table 2. Number of falls in the last year, experience of pain, sleep quality, selfreported sedentary behaviour, handgrip strength and use of aids in daily life were
comparable between groups. However, noteworthy was the high percentage of
pain (non-COPD subjects: 27.4%, and COPD subjects: 31.3%) experience in both
groups.
Table 2. Physical status of the study subjects divided in patients with and without COPD
SR health
- Poor, n (%)
- Sometimes good, n (%)
- Fair, n (%)
- Good, n (%)
- Excellent, n (%)
SF-12 physical health, points
Number of falls last year
Experience pain during day, n (%)
Sleep quality
- Very bad, n (%)
- Somewhat bad, n (%)
- Somewhat good, n(%)
- Very good, n (%)
No sleeping problems, n (%)
SR sedentary behaviour, minutes
Handgrip strength right, kg/force
Handgrip strength left, kg/force
Walking speed 6 meters test, seconds
Use of aids in daily life, n

Non-COPD subjects

COPD subjects

13 (1.8)
72 (9.7)*
125 (16.8)
406 (54.7)
126 (17.0)
18.0 (16.0-19.0)*
1.0 (1.0-2.0)
189 (27.4)

2 (2.9)
13 (19.1)
15 (22.1)
31 (45.6)
7 (10.3)
15.0 (11.0-17.0)
1.0 (1.0-2.3)
20 (31.3)

25 (3.6)
88 (12.6)
294 (42.1)
283 (38.1)
97 (13.9)
775.0 (570.0-1020.0)
32.7 (13.0)
32.3 (12.9)
6.0 (5.0-7.0)*
17 (2.3)

4 (6.2)
9 (13.8)
26 (40.0)
26 (40.0)
8 (12.3)
780.0 (600.0-1140.0)
33.4 (11.6)
32.5 (12.7)
6.0 (5.0-7.0)
3 (4.4)

Values expressed as mean (SD), median (IQR) or number of patients (%).
*= p≤0.05 versus group COPD patients.
Abbreviations: SR, Self-Reported.
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Mental status
A large proportion of subjects with COPD had neither a positive nor a negative
view on their overall life. Moreover, COPD subjects had a more impaired diseasespecific health status and rated their health less positive than non-COPD subjects
(Table 3). Cognitive status, depressive symptoms, symptoms of anxiety, generic
health status and mental status were comparable between groups.
Table 3. Mental status of the study subjects divided in patients with and without COPD
15WT
- Learning memory, points
- First retention, points
- Second retention, points
CES-D, points
HADS-A, points
Life satisfaction
- Very dissatisfied, n (%)
- Dissatisfied, n (%)
- Neutral, n (%)
- Satisfied, n (%)
- Very satisfied, n (%)
CAT, points
EQ5D
- Mobility, points
- Self-care, points
- Usual activities, points
- Pain/discomfort, points
- Anxiety/depression, points
VAS, points
SF-12 mental health, points

Non-COPD subjects

COPD subjects

23.0 (19.0-27.0)
75.0 (60.0-88.9)
72.7 (60.0-86.7)
13.0 (11.0-15.0)
4.0 (3.0-5.0)

22.5 (18.0-26.0)
72.7 (54.3-85.7)
73.9 (58.5-85.4)
13.0 (11.0-16.0)
4.0 (3.0-5.0)

3 (0.4)
16 (2.2)
91 (12.3)*
472 (67.5)
109 (15.6)
6.7 (5.2)*

1 (1.5)
2 (2.9)
14 (20.6)
41 (60.3)
6 (8.8)
9.5 (5.9)

1.0 (1.0-1.0)
1.0 (1.0-1.0)
1.0 (1.0-1.0)
1.0 (1.0-1.0)
1.0 (1.0-1.0)
80.0 (70.0-90.0)*
23.0 (20.0-24.00)

1.0 (1.0-2.0)
1.0 (1.0-1.0)
1.0 (1.0-2.0)
1.0 (1.0-2.0)
1.0 (1.0-1.0)
75.0 (65.0-85.5)
21.0 (18.0-24.0)

Values expressed as mean (SD), median (IQR) or number of patients (%).
*= p≤0.05 versus group COPD patients
Abbreviations: 15WT, 15 words test; CES-D, Center for Epidemiologic Studies Depression Scale;
HADS-A, Hospital Anxiety and Depression Scale – Anxiety Scale; CAT, COPD assessment test;
EQ5D, EuroQuol 5D; VAS, Visual Analogue Scale; SF-12, 12-Item Short Form Health Survey.

Social status
Subjects with COPD less frequently had a partner and, when having a partner, they
were less often ‘very satisfied’ with the daily support they received from their
partner than non-COPD subjects. Additionally, COPD subjects perceived less
often emotional support compared to non-COPD subjects (Table 4). Marital
status, personal network size, instrumental support, loneliness, receiving help and
employment status were comparable between groups.
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Table 4. Social status of the study subjects divided in patients with and without COPD
Partner, yes (%)
Married, yes (%)
Daily support partner
- No partner/no answer, n (%)
- Very dissatisfied, n (%)
- Dissatisfied, n (%)
- A little dissatisfied, n (%)
- Satisfied, n (%)
- Very satisfied, n (%)
Personal network size, number
Instrumental support
- No support, n (%)
- Seldom, n (%)
- Sometimes, n (%)
- Often, n (%)
Emotional support
- No support, n (%)
- Seldom, n (%)
- Sometimes, n (%)
- Often, n (%)
Loneliness
- Emotional, yes (%)
- Social, yes (%)
- General, yes (%)
Help
- Personal, yes (%)
- Domestic, yes (%)
- Nursing, yes (%)
Having a paid job, n (%)

Non-COPD subjects
622 (83.8)*
535 (72.1)

COPD subjects
47 (69.1)
45 (66.2)

118 (18.3)*
4 (0.5)
8 (1.1)
39 (5.3)
330 (44.5)
190 (27.2)*
19.0 (13.0-28.0)

22 (32.4)
1 (1.5)
1 (1.5)
5 (7.4)
26 (38.2)
10 (14.7)
16.0 (11.0-25.5)

90 (12.1)
400 (53.9)
231 (31.2)
21 (2.8)

10 (14.7)
35 (51.5)
21 (30.9)
2 (2.9)

18 (2.4)
94 (12.7)
360 (48.5)
270 (36.4)*

4 (5.9)
10 (14.7)
38 (55.9)
16 (23.5)

222 (29.9)
277 (37.3)
353 (47.6)

25 (36.8)
25 (36.8)
33 (48.5)

9 (1.2)
128 (17.3)
9 (1.2)
478 (64.4)

0 (0.0)
12 (17.6)
1 (1.5)
37 (54.4)

4

Values expressed as mean (SD), median (IQR) or number of patients (%).
*= p≤0.05 versus group COPD patients

DISCUSSION
This is the first study that specifically studied physical, mental and social status in
subjects with and without COPD from a population-based sample, aged between
55 to 65 years. Despite a mild-to-moderate degree of airflow limitation, subjects
with COPD had significant impairments in specific measures of physical, mental
and social status compared to non-COPD subjects.
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The impact of COPD on physical, mental and/or social status was demonstrated in
multiple studies, including mostly subjects with moderate to very severe COPD
recruited at outpatient clinics (9,10,12,13,15). This, however, may limit the external
validity of these findings towards subjects living with COPD in the general
population. The current study is the first to show that COPD subjects with a mean
age of 60 years and a mild-to-moderate degree of airflow limitation have a
deteriorated physical, mental and social status, compared to non-COPD subjects.
The fact that the subjects with and without COPD had a comparable age, gender
distribution, BMI and equal number of self-reported comorbidities, suggests that the
presence of mild-to-moderate COPD may be the main driver of these impairments.
Physical, mental and social impact of COPD
Corresponding to the current study, a high prevalence of subjects experiencing
pain and incontinence is found in former research (26-28). Subsequently, previous
studies showed that physical performance is reduced in subjects with COPD
compared to non-COPD subjects (29,30). In addition, the present study shows
that subjects with mild to moderate COPD, already have a slower walking speed
and report lower values on self-rated health compared to non-COPD subjects. On
the other hand, physical measurements, like sedentary behavior, handgrip strength,
number of falls or use of daily aids were comparable in the current study. Though,
we should take into account that only a distribution was made in disease severity
based on FEV1% predicted, while degree of emphysema can also influence
physical status (31,32). However, this still raises the question what causes these
specific impairments in physical status, while other physical parameters were
comparable between groups. Possibly, differences in self-rated health between
subjects with and without COPD could be explained by influences of
subjective/self-perceived measurement of physical status, e.g. personal fulfillment
or expectations (33). Also, it can be hypothesized that subjects already experience
dyspnea and/or fatigue during daily activities at the early stage of the disease (34).
Vanfleteren and colleagues indicate that lower physical activity can be caused by
the nature of symptom development and adaptations to minimize dyspnea
provocation (35). These questions need to be addressed in future studies.
Nevertheless, subjects with a relatively preserved lung function, diagnosed with
COPD, experience physical symptoms. This is supported by previous research,
indicating that patients with preclinical COPD are physically more inactive than
smoking non-COPD peers (8). Also, there is growing evidence of significant
respiratory morbidity in smokers with preserved spirometry (36).
With regard to mental status, in line with previous literature (6,11), a more impaired
disease specific health status is observed in subjects with COPD and they rated their
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health worse than non-COPD subjects. However, it should be taken into account
that the instruments used to assess health status (CAT, EQ5D and VAS) largely
focus on the patients’ personal perspective on bodily sensations and limitations in
daily living. These measurements direct less attention to emotional consequences,
accentuating the influence of daily limitations and need for adequate management
of COPD. Furthermore, no significant differences were observed with cognitive
function and mood status between the two groups, while previous literature implies
that subjects with COPD have more symptoms of anxiety and depression and more
cognitive dysfunction compared to non-COPD controls (12,13). Contradictory
results can be explained by the fact that studies were performed within a more
severe COPD population, not representing the general COPD population. Overall,
the current results indicate that the largest proportion of subjects with COPD from
a general population barely experience mental symptoms.
New insights were gained relating to social consequences of COPD. Subjects with
COPD less frequently had a partner, rated daily support from their partner less
positive and did not receive emotional support as often as non-COPD subjects. As
the current study shows no differences in personal network size and feelings of
loneliness between subjects with and without COPD, it appears that the shortage
of emotional support does not directly depend on the number of people in their
network. This leads to the assumption that subjects with COPD have a higher
need of emotional support, which is also found in previous research (37). A lower
rate for received support may be explained by the fact that subjects with COPD
and their partner or caregiver are confronted with multiple limitations in daily
living and often have different perceptions on the disease (38). Another study
shows that, in order to cope with the disease, partners of COPD subjects are very
important for the patient (39).
Possible consequences for clinical practice
Healthcare professionals should be aware of the fact that subjects with mild
COPD in the general population may experience specific impairments in physical,
mental and social status. This needs to be taken into consideration when setting up
an COPD management program and/or a program to monitor disease
progression. Concerning physical status, this can for example be applied by giving
education about influence of COPD on physical status or provide physiotherapy/
physical activity coaching, if necessary, at an early stage of the disease. Results with
regard to mental status imply that a large proportion of COPD subjects does no
experience psychological symptoms. This may suggest that these subjects would
sufficiently benefit from a management program with a lower intensity, and
presumably lower healthcare costs (40). Assessment of physical, mental and social
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status at the start of treatment may detect these subjects. The cost-effectiveness
remains to be established however. This would also give the opportunity to detect
COPD subjects with higher needs for social support and provide information to
prevent deterioration. Therefore, when necessary, it is suggested to involve the
closely related social system of subjects with COPD (e.g. partner, children or other
caregivers) in COPD care programs. For example, psychotherapeutic interventions
can be applied to improve health status among COPD subjects and their system
(31). However, whether and to what extent these suggestions influence physical,
mental or social status remains to be determined.
The present Dutch healthcare guidelines provide comprehensive directives about
COPD management implemented by general practitioners, i.e. focusing on airflow
limitation, general deterioration, symptoms and health status (41). The results of
the current study support the guidelines, as airflow limitation and specific measures
of physical and mental status differed significantly between subjects with and
without COPD. However, no specific healthcare can be provided in the large
proportion of undiagnosed COPD subjects. As the current study shows that
COPD has impact on specific aspects of all three areas (physical, mental and
social), the necessity of detecting COPD in the general population is emphasized.
In the current healthcare system, detection of COPD mainly consists of
performing post-bronchodilator spirometry (42,43). Other studies suggest that we
should, for example, increase awareness of COPD in smokers (4) or apply
specifically developed questionnaires assessing symptoms (44) to uncover COPD
in the general population. Based on the current results, it is recommended to, in
addition to the current guidelines, assess functional and health status in subjects
with an increased risk for COPD (e.g. high number of pack-years/current
smokers). Moreover, instruments have to be quick and easy to implement into
clinical practice (45,46). Assessment of functional status and health status should
be performed for diagnostic purposes and assess the impact of the COPD.
Limitations
A limitation of the current study is that a relatively small number of subjects with
COPD participated in the current study. However, this was expected based on
previously published prevalence rates of COPD in a general population (47,48).
Second, the current population is slightly younger than the population examined in
previous studies (49). However, despite the limited variance in age, general features
are in accordance with previous research. Therefore, it is expected that the results
are representative, although one should be careful in generalizing to other age
groups. It should be noticed that the current population also gives the opportunity
to show that clear differences are present between subjects with and without
74

The physical, mental and social impact of COPD
COPD in this age group. Third, a history of respiratory diseases was defined as
self-reported chronic bronchitis, asthma, emphysema, or COPD. Initially, it is a
disadvantage that the diagnosis is self-reported as it is less accurate than the
original doctor diagnosis. Moreover, no distinction was made between the various
respiratory diseases. This makes it impossible to specify whether the subject was
diagnosed with chronic bronchitis, asthma, emphysema or COPD, which may
indicate even more underdiagnosis of COPD than already reported in the current
study. Finally, measurements were conducted cross-sectionally, not providing the
possibility to determine the causal direction between the physical, mental and
social impact and COPD. Therefore, it is possible for the causal direction to go the
other way, where symptoms are prior to COPD. However, previous longitudinal
research suspects otherwise (50).

4

CONCLUSION
Subjects with mild-to-moderate COPD from a general population sample in the
Netherlands showed some specific impairments in measures of physical, mental
and social status compared to non-COPD subjects. These impairments need to be
taken into consideration when setting up an COPD management program.
Complementary to the current COPD care, it is suggested to diagnose COPD in
the general population by performing spirometry and measuring functional status
and health in subjects with an increased risk
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SUPPLEMENTARY MATERIAL
Total number LASA cohort:
n= 1023

n=121
n=7
n=5
n=1

Participant refused medical interview
Not contacted for medical interview
Ineligible
Decreased

Total number including
medical interview:
n= 889

n=18
n=15
n=6
n=6
n=5
n=4
n=1

No spirometry due to physical reasons
Spirometer did not work/parts missing
Participant refused spirometry
No medication available to perform spirometry
Limited time, unable to perform spirometry
Environment not suitable to perform spirometry
Demographic data missing, unable to
calculate reference values
Unknown

Total number of patients
with required data:
n= 810

n=24

4

Figure E1. Flow diagram of subject inclusion
Abbreviations: LASA, Longitudinal Aging Study Amsterdam
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ABSTRACT

Introduction Care for patients with chronic obstructive pulmonary disease
(COPD) can be provided in primary, secondary or tertiary care. Whether and to
what extent patients with COPD treated in various healthcare settings differ in
disease burden and healthcare utilization remains unknown. Therefore, daily
symptoms, functional mobility, mood status, health status and healthcare
utilization were compared between COPD patients in various care settings, to
explore possibilities for healthcare-optimization.
Methods
Current data are part of the Chance study. Demographics,
functional mobility (Care Dependency Scale (CDS); Timed-Up-and-Go (TUG)
test), mood status (Hospital Anxiety and Depression scale (HADS)), health status
(COPD Assessment test (CAT); Clinical COPD questionnaire (CCQ); COPD
specific St. George Respiratory questionnaire (SGRQ-C)), received treatments and
severity of physical and psychological symptoms were assessed in subjects with and
without COPD.
Results
836 subjects (100 primary care patients, 100 secondary care
patients, 518 tertiary care patients and 118 non-COPD subjects) were included.
The burden of disease significantly increased from primary care to tertiary care.
However, in all three healthcare settings a high percentage of patients with an
impaired health status was observed (i.e. CAT 10 points, 68.0% vs. 91.0% vs.
94.5%, respectively). Furthermore, many patients treated in secondary care remain
highly symptomatic despite treatment, while others with low burden of disease
would allow for de-intensification of care.
Conclusion This study revealed important shortcomings and challenges for
the care of COPD patients in the Netherlands. It emphasizes the need for detailed
patient characterization and more individualized treatment, independent of the
healthcare setting.
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INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is one of the most prevalent noncommunicable diseases worldwide, associated with substantial morbidity and
mortality (1). Population-based studies estimated that about 10% of the adult
population has at least a moderate degree of chronic airflow limitation (2).
Healthcare for patients with COPD varies between jurisdictions, mostly due to
local policies and conditions (3-5). In most jurisdictions, however, patients with
COPD can receive primary care, secondary care and/or tertiary care (6). While the
majority of patients with established COPD is treated in primary care (7), most of
the current understanding of the heterogeneous pulmonary and systemic features
of COPD and the burden of disease is based on cohorts of patients recruited in
secondary and/or tertiary care (8). Also the degree of overlap as potential
differences in real-life burden of disease and healthcare utilization between care
settings is mostly unexplored. Vest and colleagues found no differences in
demographics and smoking history between primary and secondary care patients
(9). Additionally, Herland and colleagues reported no differences in amount of
comorbidities between primary and secondary care patients (10). In contrast, Kruis
and colleagues showed that COPD patients participating in large pharmaceuticallysponsored studies differed substantially in lung function, health status and
exacerbation frequency from primary care patients (11). More studies comparing
relevant patient-related outcomes of patients with COPD in different healthcare
settings are lacking. Thus, external validity of previously performed COPD studies
conducted in secondary and/or tertiary care is mostly unknown (11), as is the true
burden of disease in primary care. Although differences in the degree of chronic
airflow limitation may partially account for differences between care settings, it is
well recognized that lung function is a poor predictor of patient-related outcomes
in COPD (12,13). A better understanding of the clinical characteristics and
healthcare consumption of patients with COPD treated in various care settings will
help clinicians and healthcare policy makers in the development of tools for
integrated assessment of burden of disease, decision taking regarding intensity of
monitoring of patients, and allocation of patients.
The aim of the present study was to compare burden of disease and healthcare
utilization between patients with COPD treated in primary care, secondary care or
tertiary care and explore possibilities for optimization of care. A priori, we
hypothesized that there is substantial overlap in daily symptoms, functional
mobility, mood status, health status and healthcare utilization between patients in
primary, secondary and tertiary care setting, but that patients in tertiary care have
the highest disease burden.
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METHODS
The current data are part of the Chance study, an observational longitudinal study
concerning the clinical, physiological and psychosocial determinants of health
status in a broad sample of patients with COPD and non-COPD controls (14).
The Medical Ethical Committee of the Maastricht University Medical Centre
(Maastricht, The Netherlands) approved the study (METC 11-3-070), which is
registered at the Netherlands National Trial Register (NTR 3416).
Study sample
Patients with COPD (defined as post-bronchodilator forced expiratory volume in
the first second (FEV1)/forced vital capacity (FVC) < 0.7) were recruited at eight
general practices (GPs, primary care) in the Southern part of the Netherlands, at the
outpatient pulmonary clinic of the Maastricht University Medical Centre, the
Netherlands (secondary care) and at the highly-specialized pulmonary rehabilitation
centre CIRO in Horn, the Netherlands (tertiary care). Primary care COPD patients
were recruited from the Registration Network of Family Practices (RNH), initiated
by Maastricht University (15). Patients were eligible for participation if they received
COPD treatment from a GP only. Consecutive patients visiting the secondary care
setting were eligible if they had their regular check-ups with a chest physician in the
hospital, optionally in combination with treatment by a GP. Patients derived from
RNH, who were both being treated by a GP and a chest physician, were also
considered eligible for inclusion in the secondary care group. Tertiary care patients
were recruited and assessed during a pre-rehabilitation assessment in CIRO, after
referral by a chest physician. Non-COPD subjects were recruited at the same GPs as
the primary care COPD patients. They were eligible if they had no history of
respiratory diseases, heart failure, malignancies within the past 5 years or other
clinically relevant disease which may influence health status according to the
principal investigator. Non-COPD subjects, primary care and secondary care patients
were assessed during a single home visit. All patients gave written informed consent.
Details about other in- and exclusion criteria, recruitment and assessment have been
described in the study protocol (14).
Measurements
Demographics, general characteristics, smoking history, degree of dyspnea (modified
Medical Research Council, mMRC) (16), resting oxygen saturation, body mass index
(BMI), body composition (bioelectrical impedance assessment, BIA; fat-free mass
index, FFMI) (17), comorbidities (Charlson Comorbidity Index, CCI) (18), frequency
of exacerbations and hospitalizations twelve months prior to inclusion and medical
history and medications were assessed. Post-bronchodilator spirometry (FEV1 and
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FVC) in primary care patients, secondary care patients and non-COPD subjects was
performed with a handheld SpiroPro (Jaeger/Cardinal Health, Hoechberg, Germany)
in the home setting. Lung function in tertiary care patients was assessed with
standardized spirometry equipment of Masterlab (CareFusion, Hoechberg, Germany)
(19). Patients with COPD were divided into the four updated GOLD groups; based
on the degree of airflow limitation and number of exacerbations in the past 12
months (A/B vs. C/D) and the severity of symptoms, based on CAT score (A/C vs.
B/D) (20). Burden of disease was determined according to the amount and severity of
daily symptoms, functional mobility, mood status and health status. Functional
mobility was assessed with the Care Dependency Scale (CDS) (21) and Timed Upand-Go (TUG) test (22). Mood status was measured with the Hospital Anxiety and
Depression Scale (HADS) (23). Disease-specific health status was assessed using the
COPD Assessment Test (CAT) (24), the Clinical COPD Questionnaire (CCQ) (25)
and the COPD-specific version of the St George's Respiratory Questionnaire
(SGRQ-C) (26). Additionally, a questionnaire concerning the type and amount of
received care and a questionnaire about the degree of physical and psychological selfperceived symptoms were assessed (14, 27).
Statistics
The sample size calculation has previously been described in the published
protocol (14). Results are presented as mean and standard deviation (SD), median
and interquartile range (IQR), and/or proportions, as appropriate. Categorical
variables were described as absolute numbers and frequencies. To gain insight in
the burden of disease, internationally accepted cut-offs for high symptoms or
abnormal values were applied: mMRC score ≥ 2, CAT ≥ 10, CCQ > 1, SGRQ
> 25 (20), HADS ≥ 10 (23), BMI < 18.5 or ≥ 25 kg/m2 (28) and FFMI < 5%
percentile (29). All variables were tested for normality with the KolmogorovSmirnov test. Normally distributed variables were assessed by a one-way analysis of
variances (ANOVA). When appropriate, post hoc least significance difference
(LSD) multiple comparisons were performed. Not-normally distributed variables
were assessed with a Kruskal-Wallis test. A Chi-square test was applied for
categorical variables. All statistics were done using SPSS V.20.0. A p-value equal to
or less than 0.01 was considered statistically significant.
RESULTS
In total, 836 subjects (55.9% male, mean age 64.4 (±8.6) years) were included, of
which 100 primary care COPD patients, 100 secondary care COPD patients, 518
tertiary care COPD patients and 118 non-COPD subjects. Patient characteristics,
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daily symptoms, functional mobility, mood status and health status of these four
groups are presented in Table 1.
COPD versus non-COPD
Patients with COPD had significantly more pack years, a worse lung function and
more comorbidities than non-COPD subjects. They also experienced more daily
symptoms and had a worse functional mobility. Moreover, a worse mood status
and health status were observed in patients with COPD compared to non-COPD
subjects (Table 1). Furthermore, COPD subjects used more (pulmonary and nonpulmonary) medications and more healthcare resources compared to non-COPD
subjects (Table 2).
Characteristics of COPD patients in various healthcare settings
Fig. 1 shows the associations between the degree of airflow limitation and
functional status (A), mood status (B) and health status (C) for COPD patients in
the various care settings. For complementary variables see appendix (Fig. A1). On
average, tertiary care patients were located at the upper left side of the figures,
indicating more severe airflow limitation and higher disease burden, while primary
care patients were found at the lower right side of the figures, indicating a relatively
good lung function and low disease burden. However, a large degree of overlap
between care settings was shown. Boxplots were created to get a better view of the
observed overlap between the different healthcare settings (Fig. A2).
Burden of disease in primary care
As shown in Table 1, primary care patients had the lowest amount of pack years,
less severe degree of airflow limitation, higher oxygen saturation at rest, the least
daily symptoms and best functional status compared to secondary and tertiary care
patients. Nonetheless, more than half of the primary care patients was overweight
or obese and 20% had low fat-free mass. These patients were more often current
smokers. Moreover, 68% of primary care patients were highly symptomatic
(quadrant B/D), based on CAT cut-off as proposed by GOLD. Alternatively, 11%
of primary care patients fulfilled diagnostic criteria for high risk GOLD quadrants
C/D, mostly based on a high exacerbation frequency (8% of patients). None of the
primary care patients was hospitalized for COPD in the previous year. Sixty-five
percent of primary care patients used a prescription for medication containing
long-acting bronchodilators and 40% used ICS (Table 2). The majority of patients
had no or very infrequent visits with their general practitioner. In general, primary
care patients often did not receive treatment by a physiotherapist, dietician,
psychologist and/or occupational therapist.
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Number (n)
Gender, male (%)
Age, years
Current smoker, n (%)
Packyears, n
mMRC grade, n (%)
- 0
- 1
- 2
- 3
- 4
Subjects with mMRC grade ≥2, n (%)
FEV1 (% predicted)
FEV1/FVC (%)
GOLD group, n (%)
- A
- B
- C
- D
[based on CAT score]
Resting oxygen saturation (%)

Secondary care
100
56 (56.0)
67.9 (8.1)$
23 (23.0)
42.2 (28.4-60.7)
16 (16.0)$
20 (20.0)
29 (29.0)
23 (23.0)
12 (12.0)
64.0 (64.0)$
61.0 (44.3-76.8)$
49.9 (11.6)$
8 (8.0)
36 (36.0)$
1 (1.0)
55 (55.0)$
95.0 (93.0-96.0)

Primary care
100
59 (59.0)
64.2 (7.9)#
33 (33.0)
36.4 (20.0-46.9)#$
47 (47.0)#$
32 (32.0)$
17 (17.0)$
2 (2.0)#$
2 (2.0)#$
21.0 (21.0)#$
81.5 (65.3-92.0)#$
58.1 (7.9)#$
32 (32.0)#$
57 (57.0)#$
0 (0.0)
11 (11.0)#$
96.0 (94.3-97.0)#$

non-COPD
118
64 (54.2)
63.1 (6.4) #
14 (11.9)*
9.0 (0.0-26.4)*#$
83 (70.3)*#$
31 (26.3)
3 (2.5)*#$
1 (0.8)#$
0 (0.0)#$
4 (3.4)*#$
111.5 (101.0-122.0)*#$
78.7 (4.9)*#$
0 (0.0) *#$
0 (0.0) *#$
0 (0.0) $
0 (0.0) *#$
97.0 (96.0-98.0)*#$

15 (2.9)
104 (20.1)
26 (5.0)
372 (72.0)
94.0 (93.0-96.0)

10 (2.0)
85 (16.6)
193 (37.7)
127 (24.8)
97 (18.9)
417 (81.4)
46.0 (32.0-63.0)
37.5 (12.2)

Tertiary care
518
288 (55.6)
64.1 (9.1)
114 (22.1)
40.0 (30.0-50.0)

Table 1. Patient characteristics, daily symptoms, functional mobility, mood status and health status divided between non-COPD subjects and the three types
of healthcare.
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BMI, kg/m2
- Low (<18.5), n (%)
- Normal (18.5-25), n (%)
- Overweight (25-30), n (%)
- Obese (>30), n (%)
Subjects with BMI value <18.5 or ≥25, n (%)
FFMI, kg/m2
Subjects with low FFMI [29], n (%)
Charlson Comorbidity Index, points
Subjects with CCI ≥2 points, n (%)
Symptom checklist [27]
Self-reported dyspnea score, points
Self-reported fatigue score, points
Self-reported cough score, points
Self-reported decreased muscle strength, points
Self-reported decreased appetite, points
Self-reported insomnia, points
Functional mobility
CDS total score, points
Subjects with CDS ≤68 points, n (%)
TUG test, seconds
Subjects with TUG >11 seconds, n (%)

Primary care
25.5 (22.1-28.2)
3 (3.0)
41 (41.0)
45 (45.0)$
11 (11.0)$
59 (59.0)
17.6 (2.3)
20 (20.0)$
1.0 (1.0-2.0)#$
46 (46.0)
1.9 (0.4-3.9)#$
2.2 (0.0-4.8)#$
1.6 (0.0-3.6)#
0.2 (0.0-4.1)#$
0.0 (0.0-0.3)
0.0 (0.0-3.0)
75.0 (74.0-75.0)#$
3 (3.0)#$
8.6 (7.7-10.4)#$
17 (17.0)

non-COPD
25.8 (22.4-29.4)
0 (0.0)$
37 (31.4)
54 (45.8)$
27 (22.9)
81 (68.6)
18.2 (2.2)$
14 (11.9)$
0.0 (0.0-1.0)*#$
26 (22.0)*#$
0.0 (0.0-0.7)*#$
0.4 (0.0-1.8)*#$
0.0 (0.0-0.5)*#$
0.0 (0.0-0.5)*#$
0.0 (0.0-0.0)*#$
0.0 (0.0-1.3)$

88
75.0 (75.0-75.0)*#$
0 (0.0)#$
8.0 (7.1-9.3)*#$
4 (3.4)*#$

73.0 (69.0-75.0)
24 (24.0)
9.8 (8.7-12.1)
38 (38.0)

4.5 (2.8-6.0)
4.6 (2.6-6.3)
3.8 (0.0-5.8)
3.2 (00-5.7)
0.0 (0.0-1.8)
0.9 (0.0-5.4)

Secondary care
25.6 (23.2-29.2)
3 (3.0)
45 (45.0)
33 (33.0)
19 (19.0)
55 (55.0)
17.8 (2.7)
13 (13.0)$
2.0 (1.0-3.0)$
68 (68.0)$

72.0 (68.0-75.0)
137 (28.5)
9.8 (8.5-11.8)
172 (34.4)

4.9 (3.4-6.6)
5.0 (3.2-6.8)
2.3 (0.0-5.1)
4.5 (0.0-6.5)
0.0 (0.0-3.2)
0.9 (0.0-5.3)

Tertiary care
25.8 (21.7-29.9)
30 (5.8)
206 (39.8)
157 (30.3)
125 (24.1)
312(60.2)
17.3 (2.4)
193 (37.3)
1.0 (1.0-2.0)
209 (40.3)
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Secondary care
5.0 (2.0-8.0)$
19 (19.0)$
6.0 (2.3-8.0)$
17 (17.0)$
19.7 (7.0)
91 (91.0)
2.0 (1.2-2.9)$
80 (80.0)$
47.7 (34.0-60.2)$
84 (84.0)$

Primary care
3.0 (1.0-6.0)#$
9 (9.0)$
2.0 (1.0-5.0)#$
7 (7.0)$
12.7 (7.2)#$
68 (68.0)#$
0.8 (0.4-1.6)#$
37 (37.0)#$
20.5 (10.3-34.9)#$
41 (41.0)#$

non-COPD
3.0 (1.0-5.3)#$
6 (5.1)#$
2.0 (0.8-4.0)#$
2 (1.7)*#$
7.3 (5.6)*#$
33 (28.0)*#$
0.2 (0.0-0.6)*#$
12 (10.2)*#$
4.6 (1.8-15.5)*#$
15 (12.7)*#$

21.5 (6.6)
477 (94.5)
2.7 (1.9-3.4)
465 (92.6)
63.6 (49.9-74.0)
489 (97.0)

7.0 (4.0-11.0)
174 (34.8)
7.0 (4.0-11.0)
167 (33.4)

Tertiary care

p≤0.01 versus group primary care patients
p≤0.01 versus group secondary care patients
$= p≤0.01 versus group tertiary care patients

#=

*=

Abbreviations: FEV1, forced expiratory volume in the first second; FVC, forced vital capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease;
BMI, body mass index; mMRC, modified Medical Research Council scale; CDS, Care Dependence Scale; TUG, Timed ‘Up and Go’ test; HADS-A, Hospital
Anxiety and Depression Scale, Anxiety subscale; HADS-D, Hospital Anxiety and Depression Scale, Depression subscale. CAT, COPD Assessment Test;
CCQ, Clinical COPD Questionnaire; SGRQ, St. George Respiratory Questionnaire score.

Summary variables are presented as n (%) for discrete variables, mean (±SD) for quantitative variables or median (IQR) for skewed variables.

Mood status
HADS-A score, points
Subjects with HADS-A ≥10 points, n (%)
HADS-D score, points
Subjects with HADS-D ≥10 points, n (%)
Health status
CAT total score, points
Subjects with CAT ≥10 points, n (%)
CCQ total score, points
Subjects with CCQ >1 points, n (%)
SGRQ-C total score, points
Subjects with SGRQ >25 points, n (%)
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Number (n)
Number of medication
- Short acting β2-agonists (SABA), n (%)
- Short-acting anticholinergics (SAAC), n (%)
- Short-acting combinations (COMBI) , n (%)
- Long-acting β2-agonists (LABA), n (%)
- Long-acting anticholinergics, n (%)
- Inhaled corticosteroids alone (ICS), n (%)
- Inhaled corticosteroids with LABA, n (%)
- Theolair, n (%)
- Oral prednisone (Oral corticosteroids), n (%)
- Anti-leukotrienes, n (%)
- Other (non-pulmonary) medication, n (%)
Exacerbations previous 12 months ≥2, n (%)
Hospitalizations previous 12 months ≥1, n (%)
Frequency GP visits for COPD
- never, n (%)
- less than once a year, n (%)
- once a year, n (%)
- once every 6 months, n (%)
- once every 3 months, n (%)
- once every month, n (%)
- once a week, n (%)
229 (44.3)
82 (15.9)
109 (21.0)
131 (25.3)
369 (71.2)
103 (19.9)
354 (68.4)
40 (7.7)
94 (18.2)
12 (2.3)
447 (86.3)
293 (56.6)
234 (45.2)
46 (46.0)
11 (11.0)
13 (13.0)
25 (25.0)
70 (70.0)
13 (13.0)
61 (61.0)
2 (2.0)
11 (11.0)
3 (3.0)
89 (89.0)
36 (36.0)$
15 (15.0)$
39 (39.0)$
24 (24.0)$
9 (9.0)$
14 (14.0)
10 (10.0)$
3 (3.0)$
1 (1.0)

22 (22.0)#$
5 (5.0)
1 (1.0)#$
12 (12.0)
24 (24.0)#$
11 (11.0)
29 (29.0)#$
1 (1.0)
3 (3.0)$
1 (1.0)
73 (73.0)
8 (8.0)#$
0 (0.0)#$
68 (68.0)#$
15 (15.0)$
10 (10.0)
6 (6.0)$
1 (1.0)#$
0 (0.0)$
0 (0.0)

2 (1.7)*#$
3 (2.5)#$
0 (0.0)#$
1 (0.8)*#$
4 (3.4)*#$
4 (3.4)$
6 (5.1)*#$
0 (0.0)$
3 (2.5)$
0 (0.0)
71 (60.2)#$
0 (0.0)*#$
0 (0.0)#$
118 (100.0)*#$
0 (0.0)*#
0 (0.0)*#$
0 (0.0)*#$
0 (0.0)#$
0 (0.0)$
0 (0.0)

111 (26.1)
20 (4.7)
47 (11.0)
86 (20.0)
98 (23.0)
54 (12.7)
10 (2.3)

Tertiary care
518

Secondary care
100

Primary care
100

non-COPD
118

Table 2. Healthcare utilization divided between non-COPD subjects and the three types of healthcare; primary, secondary and tertiary line care
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Secondary care
3 (3.0)
3 (3.0)
18 (18.0)
58 (58.0)
16 (16.0)$
2 (2.0)
44 (44.0)
8 (8.0)$
7 (7.0)
1 (1.0)

Primary care
100 (100.0)
0 (0.0)
0 (0.0)#$
0 (0.0)#$
0 (0.0)#$
0 (0.0)
18 (18.0)#$
2 (2.0)$
2 (2.0)
0 (0.0)

non-COPD
118 (100.0)
0 (0.0)
0 (0.0)#$
0 (0.0)#$
0 (0.0)#$
0 (0.0)
14 (11.9)#$
2 (1.7)$
6 (5.1)
1 (0.8)

8 (1.9)
6 (1.4)
38 (9.1)
203 (48.4)
143 (34.1)
21 (5.0)
220 (51.5)
85 (20.1)
29 (6.8)
11 (2.6)

Tertiary care

Abbreviations: GP, General Practitioner
*= p≤0.01 versus group primary care patients
#= p≤0.01 versus group secondary care patients
$= p≤0.01 versus group tertiary care patients

Summary variables are presented as n (%) for discrete variables, mean (±SD) for quantitative variables or median (IQR) for skewed variables.

Frequency chest physician visits for COPD
- never, n (%)
- less than once a year, n (%)
- once a year, n (%)
- once every 6 months, n (%)
- once every 3 months, n (%)
- once every month, n (%)
Physiotherapy, yes, n (%)
Dietician, yes, n (%)
Psychological or psychotherapeutic treatment, yes, n (%)
Occupational therapy, yes, n (%)
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Abbreviations: FEV1, forced expiratory volume in the first second; TUG, Timed ‘Up and Go’ test;
HADS-D, Hospital Anxiety and Depression Scale, Depression subscale; CAT, COPD Assessment Test.

Fig. 1. Distribution of patients treated in the various healthcare settings and non-COPD subjects.
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Burden of disease in secondary care
Secondary care patients were the oldest and had the highest comorbidity score. Beyond
90% was categorized as highly symptomatic and almost a quarter was a current
smoker. More than half of secondary care patients were categorized as high risk
according to GOLD, with 36% of them having frequent exacerbations. As shown in
Table 2, the largest proportion of secondary care patients used long-acting
bronchodilators and 74% of them had inhaled corticosteroids. The majority of patients
had a visit with their chest physician at least every six months. While psychological
symptoms, abnormalities in body weight or body composition and reduced functional
mobility were commonly observed, less than 10% of patients consulted a psychologist
or dietician and less than half of the patients had physiotherapy.
Burden of disease in tertiary care
Smoking status and number of pack years were comparable between secondary
and tertiary care patients. Though, tertiary care patients were the most dyspneic (as
measured with the mMRC), had the worst lung function, and had the highest
proportion of patients with low FFMI. More than three quarters of these patients
were categorized as high risk according to GOLD; 57% of them had frequent
exacerbations, while almost half of them was hospitalized for COPD in the
previous year. Nearly 90% of the tertiary care patients used ICS. The use of oral
corticosteroids for maintenance treatment was also common. Approximately half
of the tertiary care patients consulted a physiotherapist before referral for
pulmonary rehabilitation. Subsequently it is shown that, while one third of patients
had significant symptoms of anxiety or depression, less than 10% of patients had
consulted a psychologist. Even though mood status and health status (measured
with CCQ and SGRQ) decreased significantly from primary care to tertiary care
setting, mean CAT scores were comparable between secondary and tertiary care
(Table 1).
DISCUSSION
In this analysis of studying the burden of disease and healthcare utilization in
COPD patients treated in primary, secondary and tertiary care setting in the
Netherlands, we were able to show that substantial burden of disease is present in
primary care, where COPD management is mostly symptom driven and
nonpharmacologic management of COPD is uncommon. Despite frequent
consultations with a chest physician and broad prescription of inhaled therapies
aimed at risk reduction, most secondary care patients were highly symptomatic and
many of them had frequent exacerbations. Tertiary care patients had the highest
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burden of disease, mainly indicated by reduced mood and health status rather than
increased functional limitation. The current results have implications for the
generalizability of previous studies performed in different care settings and
uncover possibilities for optimization of care.
Previous studies indicated that primary care patients have an impaired health status
across all severities of COPD, a large proportion of patients are current smokers
and the majority experiences symptoms of cough and dyspnea (9,12). These
findings are in accordance with the results of the current study. Additionally,
Herland and colleagues observed only minor differences in demographics and
burden of smoking between primary care patients and secondary care patients (10).
Another study demonstrated that patients who visit a chest physician have a worse
lung function and more frequent hospitalizations compared to primary care
patients (9). This is in line with the findings of the current study. However, the
present study additionally showed significantly more comorbidities, a higher
amount of medications, more daily symptoms and a worse functional mobility,
mood status and health status in secondary care patients compared to primary care
patients. This is in contrast with (10) or supplementary to previous studies
(9,10,12). Studies comparing patients in secondary and tertiary care settings were
previously lacking.
Focus on primary care
In the present study, 21% of primary care COPD patients had severe to very
severe dyspnea, 68% had an impaired health status and 8% of them had frequent
exacerbations. Also, low fat-free mass and overweight/obesity were very common
in primary care COPD patients. At the same time, these patients were more often
current smokers and had very infrequent visits with their GP. Only a limited
number of patients received treatment from primary allied healthcare
professionals. This suggests that current management of COPD is not very
effective and suboptimal. Previous studies also implied that primary care patients
receive little to no education on how to adapt their behaviour to their illness in the
current healthcare management (30). Similar shortcomings were observed by a
study performed in the United Kingdom (31). Dutch primary care COPD
guidelines advise to provide smoking cessation, stimulate physical activity, offer
dietary consultation when necessary, give breathing exercises, provide psychosocial
help when necessary and offer an individually-based drug treatment (32). We
conclude that these guidelines are not fully implemented by the GPs who
participated in the current study. Despite possible regional differences (33), we
expect that these results will be comparable to other parts of the Netherlands (34).
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Focus on secondary care
Secondary care patients had a higher burden of disease than primary care patients,
as indicated by a more severe degree of airflow limitation, more symptoms of
dyspnea, an impaired health status, worse mood status and more frequent
exacerbations and hospitalizations, despite more extensive pharmacotherapy and
consultations at the outpatient respiratory clinic. While emphasizing the limitations
of currently available COPD pharmacotherapies, solely 9% of secondary care
patients was low-symptomatic and only a minority of them had frequent
exacerbations or hospitalizations. Thus, it is questionable whether and to what
extent patients are allocated according to the Dutch national guidelines for COPD
patients. These guideline state that patients should be referred to secondary or
tertiary care when diagnostic problems (e.g. discrepancy between the severity of
chronic obstruction and the subjective burden, COPD at young age and/or
abnormal low FFMI) or insufficient progress in treatment goals (e.g. GOLD III or
IV, quickly progressing COPD or more than 2 exacerbations per year) occur (32).
Focus on tertiary care
Patients referred for tertiary care pulmonary rehabilitation had the worst lung
function and the highest number of exacerbations and hospitalizations. Symptoms
of dyspnea were most pronounced, mood status and health status were more
impaired, and low muscle mass was more common in this population. Remarkably,
functional mobility was comparable to secondary care patients, as were daily
symptoms, amount of pack years, oxygen saturation in rest, BMI and amount of
medications. Although the present analysis is crosssectional, the current results
suggest that symptoms of dyspnea, mood status and/or health status are important
reasons for referral to pulmonary rehabilitation. Former studies also observed a
high grade of dyspnea and impaired mood status and health status at the start of
pulmonary rehabilitation (35-37). While the GOLD strategy for the management
of COPD recommends pulmonary rehabilitation for all patients who get short of
breath when walking on their own pace on level ground (8), no specific criteria for
referral to pulmonary rehabilitation are currently available. Noteworthy, tertiary
care patients had lower Charlson comorbidity scores compared to patients in
secondary care. Probably, this is a result of under-diagnosis of comorbid diseases
in COPD (38) and limitations of the index, since common COPD comorbidities
such as mood disorders, osteoporosis and obesity are not reflected by the Charlson
score (18).

95

5

Chapter 5
What can we learn from these data?
At the time of data acquisition of the current study (2012-2014) the latest national
guidelines for COPD management by primary care physicians was introduced for
more than 5 years. These guidelines mainly focused on airflow limitation, general
deterioration and exacerbations (32). In 2015, the national guidelines were updated,
extending the focus on symptoms, health status and poor nutritional status (39).
Indeed, the current study highlights the importance of impaired health status as a
reason to change intensity of care, as it was shown that tertiary care patients have
the worst mood and health status. The updated guidelines also describe that more
self-management should be provided in primary care. Complementary to this
advice, we recommend that GPs should (be able to) refer patients with high
disease burden for nonpharmacologic treatments or pulmonary rehabilitation, as
this treatment appears to have a moderate to very good effect in 89.5% of the
patients. This results in substantial improvements in functional mobility, health
status and respiratory symptoms (40,41). Subsequently, the updated guidelines
advise to refer patients back to primary care solely when the reason(s) for referral
and/or diagnostics have been addressed and/or when the chest physician is not
able to contribute to reducing the disease burden. However, the absence of recent
exacerbations and a low burden of disease should also be included. The most
important shortcoming however, is the fact that there are solely guidelines available
in primary care, while we aim for an integrated healthcare system. Guidelines
should be constructed for all three healthcare settings.
Despite the fact that a structured, proactive approach has proven to reduce the
burden of chronic diseases (42), current healthcare for patients with a chronic
disease is often acute and reactive (43). Implementing disease management
programs would improve chronic care and make it proactive and planned. An
example of a disease management program applied in the Netherlands is the
Chronic Care Model (CCM). This program clusters self-management support,
health care organization, decision support, community linkages, delivery system
design, clinical information systems and integration of the first five components
(44). The most optimal approach would be to perform a complete assessment of
every COPD patient during their first consultation, as already currently performed
in tertiary care. Following, a patient should be referred to the most suitable type of
healthcare, based on the comprehensive diagnostic assessment and needs of the
individual. In addition, the acute setting of hospitalization of exacerbation should
trigger physicians to reflect on the disease severity and burden of COPD in
individual patients. Actually, this approach might lower the costs of COPD care, as
proactive care results in less emergency or unscheduled visits, lower rates of
hospitalizations and a shorter length of hospital utilization (45). However, based
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on the current data, neither the cost-effectiveness of such an approach can be
shown nor can it be compared with possible stepped-care approach (46). To be
able to construct a protocol and optimize individual healthcare, it is necessary to
measure exacerbation and hospitalization history, daily symptoms, functional
status, mood status and health status in all three healthcare settings (for diagnostic
purposes, possible referral and/or merely as monitoring). Suggested instruments,
easy to implement into clinical practice, are the mMRC dyspnea scale and
symptom checklist for daily symptoms (27,47), the TUG test, gait speed test or sitto-stand test for functional status (48), the HADS for mood status and the CAT or
CCQ for health status (49).
Limitations
The generalizability of the current results needs to be considered, as participating
GPs were merely located in the Southern part of the Netherlands. In addition, the
tertiary care group consisted of a larger number of patients than the other groups,
which does not reflect the allocation of patients in real-life. However, the baseline
characteristics of our study population were comparable to those in previously
published cohorts of COPD populations in different care settings (11,50,51).
Gender distribution, degree of airway obstruction and health status were
comparable to a primary care population (11), secondary care population (50) and
tertiary care population (51). Whether the provided care differs between various
regions in the Netherlands and between countries remains unknown. Though,
previous research also indicates shortcomings in implementation of healthcare
guidelines in the UK (52) and USA (53). Another consideration is that several tests
were measured differently in non-COPD subjects, primary care patients and
secondary care patients (home environment) compared to tertiary care patients
(clinical setting), as also described in the previously published protocol (14). Solely
spirometry was measured with different equipment. Though, both devices are valid
and reliable (19), and spirometry was mainly performed to confirm/exclude
diagnoses and characterize patients with COPD. Thus, it is very unlikely to majorly
have influenced the results. Subsequently, measurements were conducted crosssectionally, not providing the possibility to determine causality between burden of
disease and care settings. Also, while primary and secondary care patients were
assessed while being chronically managed, tertiary care patients were included
ahead of treatment in tertiary care. Thus, it can be anticipated that disease burden
would improve and allied healthcare utilization would increase in these patients
after pulmonary rehabilitation. Finally, functional mobility was measured by TUG
and CDS; since all participants were assessed in their home environment, no six
minute walk test or other exercise tests were performed.
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CONCLUSION
This study confirmed that the burden of disease gradually increases from COPD
patients treated in primary and secondary care to those treated in tertiary care. It
also revealed the need for additional interventions in secondary care patients who
remain symptomatic despite pharmacologic and non-pharmacologic treatment,
while another proportion of low symptomatic secondary care patients would allow
for de-intensification of care. This study emphasizes the need for detailed
characterization of individuals with COPD and for a more tailored treatment,
independent of the healthcare setting.
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Figure legends
Figure A.1. Distribution of patients treated in the various healthcare settings
Abbreviations: FEV1, forced expiratory volume in the first second; mMRC, modified Medical Research
Council scale; CCI, Charlson Comorbidity Index; CDS, Care Dependence Scale; TUG, Timed ‘Up
and Go’ test; HADS-A, Hospital Anxiety and Depression Scale, Anxiety subscale; HADS-D,
Hospital Anxiety and Depression Scale, Depression subscale. CAT, COPD Assessment Test; CCQ,
Clinical COPD Questionnaire; SGRQ, St. George Respiratory Questionnaire score.
Figure A.2. Boxplots of patients treated in the various healthcare settings
Abbreviations: FEV1, forced expiratory volume in the first second; mMRC, modified Medical Research
Council scale; CCI, Charlson Comorbidity Index; CDS, Care Dependence Scale; TUG, Timed ‘Up
and Go’ test; HADS-A, Hospital Anxiety and Depression Scale, Anxiety subscale; HADS-D,
Hospital Anxiety and Depression Scale, Depression subscale. CAT, COPD Assessment Test; CCQ,
Clinical COPD Questionnaire; SGRQ, St. George Respiratory Questionnaire score.
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Figure A.2. Boxplots of patients treated in the various healthcare settings
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ABSTRACT

Objectives
Pulmonary rehabilitation enhances health status and mood status
in patients with chronic obstructive pulmonary disease (COPD). The aim was to
determine the responsiveness of St. George’s Respiratory Questionnaire (SGRQ),
COPD Assessment Test (CAT), COPD Clinical Questionnaire (CCQ), and
Hospital Anxiety and Depression Scale (HADS) to pulmonary rehabilitation in
patients with COPD, and estimate minimum clinically important differences
(MCIDs) for CAT, CCQ, and HADS.
Design
A prospective analysis. MCIDs were estimated with anchor-based
(anchor: SGRQ) and distribution-based methods. Newly estimated MCIDs were
compared to known MCID estimates from a systematic literature search.
Setting
Newly estimated MCIDs were calculated in patients treated in
pulmonary rehabilitation.
Participants A subsample of 419 individuals with COPD (55.4% male, mean
age 64.3 ± 8.8 years) were included from the Chance study.
Measurements Health status was measured with SGRQ, CAT, and CCQ,
before and after pulmonary rehabilitation. Mood status was assessed using HADS.
Results
419 patients with COPD (forced expiratory volume in the first
second 37.3% ± 12.1% predicted) completed pulmonary rehabilitation. SGRQ
(-9.1 ± 14.0 points), CAT (-3.0 ± 6.8 points), CCQ (-0.6 ± 0.9 points), HADSAnxiety (-1.7 ± 3.7 points), and HADS-Depression (-2.1 ± 3.7 points) improved
significantly. New MCIDs were estimated for CAT (range: -3.8 to -1.0 points),
CCQ (range: -0.8 to -0.2 points), HADS-Anxiety (range: -2.0 to -1.1 points), and
HADS-Depression (range: -1.8 to -1.4 points).
Conclusions The SGRQ, CAT, CCQ, and HADS are responsive to pulmonary
rehabilitation in patients with COPD. We propose MCID estimates ranging
between -3.0 and -2.0 points for CAT; -0.5 and -0.3 points for CCQ, -1.8 and -1.3
points for HADS-Anxiety, and -1.7 and -1.5 points for HADS-Depression.
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INTRODUCTION
Patients with chronic obstructive pulmonary disease (COPD) have an impaired
health status and more symptoms of anxiety and depression compared to healthy
peers (1), both negatively affecting prognosis and healthcare utilization (2,3).
Pulmonary rehabilitation is the best available means to improve health status and
mood status in patients with COPD who are symptomatic despite otherwise
optimal therapy at the start of the program (4). Changes in health status and mood
status are assessed using questionnaires (5,6), such as the St. George’s Respiratory
Questionnaire (SGRQ), the COPD Assessment Test (CAT), the COPD Clinical
Questionnaire (CCQ), and the Hospital Anxiety and Depression Scale (HADS).
The minimal clinically important difference (MCID) is defined as the smallest
difference in a measurable clinical parameter that indicates a meaningful change in
the condition for better or for worse, as perceived by the patient, clinician, or
investigator (7). An MCID can be used to assess the efficacy of specific therapies
(8), to assist in interpreting statistical significant results (9), and to perform a
sample size calculation (10). In addition, recent research showed that clinically
relevant changes in health status are able to estimate the likelihood of hospital-free
survival (11). Anchor- and distribution-based approaches can both be used for
MCID estimation (9,12).
In patients with COPD, MCIDs for SGRQ, CAT, CCQ, and HADS have been
estimated following pulmonary rehabilitation (13-19), after a COPD exacerbation
(16-20), or after an observational period with “usual care” (5,16). One study used
distribution-based methods (5), 2 studies applied anchor-based methods (14,15),
and 5 studies used both methods (13,16-20). The methods used to estimate the
MCID, study context, and/or studied population can partially explain the observed
variance in MCID estimates (21,22). Therefore, multiple studies are necessary. This
study aimed 1) to determine the responsiveness of SGRQ, CAT, CCQ, and HADS
following a comprehensive pulmonary rehabilitation program in patients with
COPD and 2) to estimate MCIDs for CAT, CCQ, and HADS using anchor-based
and distribution-based methods, and comparing the newly estimated MCIDs with
known MCID estimates from previous studies.
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METHODS
The current study is part of the Chance study [Medical Ethical Committee of the
Maastricht University Medical Centre, the Netherlands (METC 11-3-070);
Netherlands National Trial Register (NTR 3416)] (23).
Study Population
Patients were recruited between April 2012 and September 2014. Patients with
mild to very severe COPD referred for a pulmonary rehabilitation program in the
CIRO Rehabilitation Network were recruited during their routine prerehabilitation assessment at CIRO in Horn, the Netherlands. They had to be
between the ages of 40 and 85 years and have a diagnosis of COPD according to
GOLD guidelines. Extended information (e.g., inclusion and exclusion criteria,
sample size calculation) of the Chance study has previously been published (23).
All patients gave written informed consent prior to inclusion in the study.
Intervention
CIRO provides a state-of-the-art interdisciplinary pulmonary rehabilitation
program for patients with COPD. The program consists of educational sessions,
psychosocial counseling, supervised physical exercise training, nutritional
counseling, occupational therapy, and COPD exacerbation management (8), in line
with the 2013 American Thoracic Society/European Respiratory Society
(ATS/ERS) Statement (4). Pulmonary rehabilitation took place inpatient (8 weeks,
5 sessions per week; total of 40 sessions) or outpatient (8 weeks, 3 sessions per
week, followed by 8 weeks, 2 sessions per week; total 40 sessions), as described
before (8). During the pre- and post-rehabilitation assessments, a careful
characterization of patients with COPD was performed (8).
Measurements
Demographics, body mass index, body composition (fat-free mass index), smoking
history, oxygen saturation at rest, and degree of dyspnea (modified Medical
Research Council) were assessed before and after rehabilitation. Spirometry [forced
expiratory volume in the first second (FEV1) and forced vital capacity (FVC)] was
performed with standardized spirometer equipment of Masterlab (24), 15 minutes
after inhalation of 200 mg salbutamol. COPD was defined as postbronchodilator
FEV1/FVC smaller than 0.7, in which patients were divided in GOLD stages;
grade 1, mild (FEV1 ≥ 80%); grade 2, moderate (FEV1 50%-79%); grade 3, severe
(FEV1 30%-49%); and grade 4, very severe (FEV1 <30%). Health status was
assessed with the Dutch version of the COPD-specific SGRQ (range: 0-100
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points), CAT (range: 0-40 points), and CCQ (range: 0-6 points). Mood status was
assessed with the HADS (range: 0-21 points) (6). A decrease in points is equivalent
to an improved health status and/or reduction in symptoms of anxiety or
depression, respectively. Additionally, functional exercise performance was assessed
with the 6-minute walking distance (6MWD) test according to ATS/ERS standard
(25), including 2 tests at baseline.
Statistics
Results are presented as mean and standard deviation (SD), median and
interquartile range, and/or proportions, as appropriate. Continuous variables were
tested for normality. Differences following pulmonary rehabilitation were assessed
using chi-square tests, dependent sample t tests, McNemar test, or Mann-Whitney
U tests, as appropriate. Pearson product-moment correlations were calculated
between changes in outcomes measures. Only data from participants who completed
pulmonary rehabilitation were included in the analysis. To estimate effect size, a
Cohen d was calculated using the mean difference and SD before and after
pulmonary rehabilitation.
As it is recommended to use a triangulation to measure MCID (9), both anchorbased and distribution-based methods were used. The change in SGRQ total score
was used as anchor. To decide whether a variable could be compared to the
anchor, the correlation coefficient had to be at least 0.3 (9). Subsequently, a linear
regression and receiver operating characteristic (ROC) curves analysis, including
the area under the curve and Mann-Whitney-Wilcoxon test, were performed. In
the linear regression analysis CAT, CCQ, and HADS were used as dependent
variables and the anchor (change in SGRQ total score of -4.0 points) was used as
the independent variable (26). The change in CAT, CCQ, and HADS score cutoffs that best discriminated between patients who improved their health status by
the anchor and those who did not was defined as the MCID. To determine the
MCID with the distribution-based approach, at first one-half SD was calculated.
Then, the standard error of measurement (SEM) was calculated using the equation
SEM=SDx√(1-intraclass correlation coefficient) (21). As the current study only
measured the CAT, CCQ, and HADS once, the intraclass correlation coefficient
was derived from the former literature [CAT, 0.80; CCQ, 0.94; HADS-Anxiety
(HADS-A), 0.78; and HADS-Depression (HADS-D), 0.86] (27-29). To estimate
the MCID of the current study, the mean of all MCID estimates was calculated.
New MCID estimates and known estimated MCIDs were compared, to verify
known MCID estimates or to suggest a new MCID value or range. A posteriori, an
MCID value or range was determined by calculating the mean [95% confidence
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interval (CI)] of all known and new MCID estimates. A p-value ≤ 0.01 was
considered statistically significant. All statistics were done using SPSS V.20.0.
RESULTS
A total of 518 patients volunteered to participate and attended the prerehabilitation assessment, of whom 99 (19.1%) did not complete the pulmonary
rehabilitation program (see Figure A1). Differences between completers and noncompleters are presented in Table A1.
Before and after rehabilitation
Changes following pulmonary rehabilitation were analyzed in 419 patients with
COPD (55.4% male): 32 GOLD 1; 152 GOLD 2; 148 GOLD 3; and 87 GOLD 4.
Demographics are presented in Table 1. Patients were on average overweight, had
a poor health status, and had an impaired functional exercise performance. Fat-free
mass index, the degree of dyspnea, and functional exercise performance improved
significantly following pulmonary rehabilitation compared to baseline (all p <0.01).
Moreover, patients had a significantly better health status and mood status postrehabilitation (both p <0.01; Table 2). The SGRQ, CAT, CCQ, and HADS had a
small to moderate effect size (d= 0.45-0.62; Table 2).
Table 1. Demographics of the patients who completed pulmonary rehabilitation
General characteristics
Number (n)
Gender, male (%)
Age, years
Level of education, n (%)
- Intermediate vocational education or lower, n
- Secondary general education or higher, n
Current smoker, n (%)
Pack years, n
LTOT, n (%)
Inpatient/outpatient rehabilitation, %

419
232 (55.4)
64.3 (8.8)
*

349 (86.2)
56 (13.8)
79 (18.9)
40.0 (30.0-50.0)
104 (24.8)
62.5/37.5

Summary variables are presented as n (%) for discrete variables, mean ± SD for quantitative variables
or median (IQR) for skewed variables, *= 14 missing.
Abbreviations: LTOT, Long Term Oxygen Therapy
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Table 2. Patient characteristics pre- and post-pulmonary rehabilitation.

BMI, kg/m2
FFMI, kg/m2
FEV (% pred)

Prerehabilitation
26.2 (5.7)
17.0 (2.4)
48.9 (20.0)

Postrehabilitation
26.4 (5.4)
17.1 (2.3)
48.3 (19.9)

Mean
change
0.2 (2.3)
0.1 (0.9)
-0.5 (7.5)

0.04
0.06
-0.02

Pvalue
0.064
0.001
0.160

FEV /FVC (%)

37.3 (12.1)

37.0 (12.1)

-0.3 (1.1)

-0.04

0.123

Oxygen saturation in rest (%)
mMRC grade ≥2, n (%)
SGRQ-C total score, points
CAT total score, points
CCQ total score, points
HADS-A score, points
HADS-D score, points
6MWD, meters

94.0 (93.0-96.0)
334 (80.7)
60.1 (17.1)
21.5 (6.6)
2.6 (1.0)
7.5 (4.4)
7.4 (4.2)
424.0 (124.4)

95.0 (93.0-96.0)
200 (69.9)
50.9 (17.4)
18.5 (6.9)
2.0 (1.0)
5.8 (4.2)
5.3 (3.9)
457.4 (122.1)

0.4 (2.3)
-0.3 (1.1)
-9.1 (14.0)
-3.0 (6.8)
-0.6 (0.9)
-1.7 (3.7)
-2.1 (3.7)
22.9 (66.8)

0.19
-0.38
-0.58
-0.45
-0.62
-0.45
-0.54
0.27

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

1
1

Cohen’s

d

Summary variables are presented as n (%) for discrete variables, mean ± SD for quantitative
variables or median (IQR) for skewed variables, *= 5 missing values.
Abbreviations: FEV1, forced expiratory volume in the first second; FVC, forced vital capacity; BMI,
body mass index; FFMI, Fat Free Mass Index; mMRC, modified Medical Research Council scale;
CAT, COPD Assessment Test; CCQ, Clinical COPD Questionnaire; SGRQ-C, COPD specific St.
George Respiratory Questionnaire score; HADS-A, Hospital Anxiety and Depression Scale, Anxiety
subscale; HADS-D, Hospital Anxiety and Depression Scale, Depression subscale.

MCID Estimation for CAT
The CAT MCID, measured with ROC curve, was established on -3.5 points (Figure
A2-A). With linear regression analysis, the CAT MCID was estimated on -1.7 points
(r= 0.555, Figure 1A). When applying the distribution-based method, the estimate
for significant improvement in CAT total score using 0.5·SD was -3.4 points and
using SEM was -2.9 points. This resulted in a mean estimated MCID of -2.9 points
(range: -3.5 to -1.7 points).
MCID Estimation for CCQ
The estimated CCQ MCID for the ROC curve (Figure A2-B) as well as linear
regression was -0.4 points (r= 0.605, Figure 1B). With distribution-based methods,
the estimate for significant improvement in CCQ total score was -0.5 points (based
on 0.5·SD) and -0.2 (based on SEM), resulting in a mean estimated MCID of -0.4
points (range: -0.5 to -0.2 points).
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Figure 1. Association between the changes in CAT score (A), CCQ score (B), HADS-A score (C),
HADS-D score (D), and the change in SGRQ score. CAT, COPD Assessment Test; CCQ, Clinical
COPD Questionnaire; SGRQ, St. George Respiratory Questionnaire; HADS-A, Hospital Anxiety
and Depression Scale, Anxiety subscale; and HADS-D, Hospital Anxiety and Depression Scale,
Depression subscale.

MCID Estimation for HADS-A
The HADS-A MCID, measured with the ROC curve, was established at -1.5 points
(Figure A2-C). The MCID, measured with linear regression, was estimated at -1.1
points (r= 0.397, Figure 1C). The estimate for significant improvement with 0.5·SD
resulted in an MCID of -1.8 points, and based on the SEM equation, in -2.0 points.
This indicates a mean estimated MCID of -1.6 points (range: -2.0 to -1.1 points).
MCID Estimation for HADS-D
The HADS-D MCID based on ROC curve was observed on -1.5 points (Figure
A2-D) and based on linear regression, -1.6 points (r= 0.402, Figure 1D). With the
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0.5·SD distribution-based method, -1.8 points was observed as the MCID. The
SEM distribution-based method estimated the HADS MCID at -1.6 points. Thus,
the mean estimated MCID was -1.6 points (range: -1.8 to -1.5 points).
Summary of current and existing MCID estimates
We performed a systematic computerized search to identify all studies performed
on MCID estimation of the CAT, CCQ, and HADS in patients with COPD (see
Table A2). Known CAT MCIDs ranged from -3.8 to -1.0 points; CCQ ranged
from -0.8 to -0.2 points; and HADS-A/D ranged from -1.7 to -1.3 points (Figure
2). Based on the known MCIDs and newly estimated MCIDs, the 95% CI was
calculated for each questionnaire, giving anchor-based MCIDs an equal or higher
weight than the distribution-based MCIDs (see Table A3). This resulted in a CAT
MCID ranging between -3.0 and -2.0 points (mean: -2.5 points); for CCQ ranging
between -0.5 and -0.3 points (mean: -0.4 points); for HADS-A ranging from -1.8 to
-1.3 points (mean: -1.6 points); and for HADS-D ranging between -1.7 and -1.5
points (mean: -1.6 points).

6

DISCUSSION
The present study confirmed that SGRQ, CAT, CCQ, and HADS are responsive
to pulmonary rehabilitation in patients with mild to very severe COPD. The
MCID for CAT (as derived from the original data) ranged between -3.5 and -1.7
points (mean MCID: -2.9 points), for CCQ between -0.5 and -0.2 points (mean
MCID: -0.4 points), for HADS-A between -2.0 and -1.1 points (mean MCID: -1.6
points), and for HADS-D between -1.8 and -1.5 points (mean MCID: -1.6 points).
Based on the known MCID estimates from the literature and the new MCID
estimates, we propose that the estimated CAT MCID ranges between -3.0 and -2.0
points. Moreover, we propose an MCID range of -0.5 to -0.3 points for CCQ, -1.8
to -1.3 points for HADS-A, and -1.7 to -1.5 points for HADS-D.
Responsiveness
The responsiveness of the SGRQ, CAT, CCQ, and HADS (d= -0.45 to -0.62) to
pulmonary rehabilitation is comparable with previous research, indicating an effect
size of -0.33 to -0.37 for the SGRQ, -0.19 to -0.40 for the CAT, and -0.39 to -0.43
for the CCQ (14,15,17,18).

115

Figure 2. Minimal clinically important difference (MCID) estimates for CAT, CCQ, HADS-A and HADS-D. (R) Rehabilitation study, (E)
Exacerbation study, (O) Observational study. CAT, COPD Assessment Test; CCQ, Clinical COPD Questionnaire; HADS-A, Hospital Anxiety
and Depression Scale, anxiety subscale; HADS-D, Hospital Anxiety and Depression Scale, depression subscale; UK, United Kingdom; USA,
United States of America; CAN, Canada; GRE, Greece; NL, the Netherlands; and GER, Germany.
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MCID Estimate
The current mean CCQ MCID estimate (-0.4 points) is identical to those estimated
by Kon and colleagues (n= 261; -0.4 points), Canavan and colleagues (n= 138; -0.4
points), Kocks and colleagues (n= 168; -0.4 points), and Tsiligianni and colleagues
(n= 90; -0.4 points) (5,17,18,20). Also, the current mean HADS-A/D MCID
estimates (both -1.6 points) are very similar to those reported by Puhan and
colleagues (n= 88; -1.5 points) (19). So, it seems reasonable to conclude that a
change of -0.4 points in CCQ and a change of -1.5 points in HADS-A/D can be
defined as clinically relevant. Indeed, the 95% CI of all available CCQ and HADSA/D MCIDs is rather small (Table A3).
The mean CAT MCID estimate of the current study (-2.9 points) is larger than the
MCID estimated by Dodd and colleagues (n= 261, -1.6 points), Jones and
colleagues (n= 131, -1.6 points), and Kon and colleagues (n= 876, -2.0 points) (1416). Previous studies indicate that the MCID estimate could be influenced by the
type of intervention (e.g., pulmonary rehabilitation, follow-up after exacerbation,
or a usual care observational period) (21,30). Even though MCID estimation was
done following 6-8 weeks of pulmonary rehabilitation, the program of the current
study was more extensive than the program applied in previous studies (14-16).
Indeed, the response of the SGRQ, CAT, CCQ, and HADS to pulmonary
rehabilitation in the current study was larger than in previously reported studies
(31,32). This could explain why MCID estimates of previous studies were smaller
than that of the current study. Additionally, it is shown that baseline severity may
influence the MCID estimate because of regression to the mean, floor and ceiling
effects, and more room for improvement in patients with a worse baseline value
(33). Nevertheless, baseline CAT scores of previous studies were comparable to
the baseline scores of the current study (14-16).
Statistical methods used may explain, at least in part, the differences between
MCID estimates. For example, Kon and colleagues reported that the CAT MCID
estimate ranged from -1.8 points (anchor-based) to -3.6 points (distribution-based)
(16). The distribution based MCID of Kon and colleagues is comparable to the
distribution-based CAT MCID estimate of Tsiligianni and colleagues (-3.8 points)
and the mean distribution-based CAT MCID estimate of the current study (-3.2
points) (5). This could be explained by methodologic differences, as distributionbased methods are sample specific (derived from sample size and distribution),
whereas anchor based methods are derived from the patient’s perspective (12,21).
Whether and to what extent anchor-based MCIDs should have a different weight
than distribution-based MCIDs remains unknown. As anchor-based methods are
derived from the patients’ perspective (12), anchor-based approach should perhaps
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have a higher weight. However, no previous literature has been published about
how to distribute the weight among different measurement methods. Therefore,
the mean MCIDs (95% CI) were calculated with an equal weight for anchor-based
and distribution-based MCIDs (1:1), and after increasing the weight for anchorbased MCIDs (i.e., 2:1 and 3:2).
Former studies also indicate that context and population characteristics may
influence MCID estimates (9,34). Age, gender and education are strong predictors
of health status (35), resulting in a differential change in response to pulmonary
rehabilitation and MCID estimate. However, only 2 studies (with comparable
MCID estimates) implemented their study in the same country (14,16), and not all
studies registered educational level or socioeconomic status. Therefore, we were
not able to define the influence of population characteristics on current MCID
estimates.
Nonetheless, MCID estimates of the CCQ and HADS-A/D were rather
comparable between studies, despite all possible influences (e.g., type of
intervention, baseline characteristics, statistical methods, and population
characteristics) and limitations of estimating the MCID. This may indicate that the
CAT is more sensitive for external influences than CCQ and HADS-A/D, and
therefore it is not reliable to determine one single value as the CAT MCID
estimate.
Methodological considerations
It should be taken into account that the AUC for the SGRQ versus the CAT,
CCQ, and HADS was below 0.7, which makes us question whether these
instruments are able to make a valid distinction between those who improved by at
least 4 points on the SGRQ and those who did not. Furthermore, 19% of the
patients did not complete the pulmonary rehabilitation program. However, this is
very similar to previous studies (16,36). Non-completers had slightly worse
baseline values compared with patients who completed pulmonary rehabilitation.
Whether this would have affected current results remains unknown. Third, patients
were solely recruited in a pulmonary rehabilitation centre, resulting in a selected
group of COPD patients. This should be considered when applying results to
other populations. Moreover, Schunemann and colleagues discussed the necessity
to achieve a correlation of minimally 0.5 before applying a regression analysis, for
example, to prevent a wide range in MCIDs (37). For CAT and CCQ, this value
was achieved. Although the correlation between the SGRQ and HADS was found
to be between 0.3 and 0.5, a small range could be estimated. In addition, as the
CAT, CCQ, and HADS were only measured once, the intraclass correlation
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coefficient to measure the MCID based on SEM was derived from previous
studies. Although we do not expect it to significantly influence the current results,
using an intraclass correlation coefficient from the same sample as the SD would
have been more reliable. Finally, current results give an estimation of the MCID in
CAT, CCQ, and HADS. It should be used as an indicative value, rather than an
absolute cut-off point between achieving benefit or not (13).
CONCLUSION
The present study showed that SGRQ, CAT, CCQ, and HADS are responsive to
pulmonary rehabilitation in patients with moderate to very severe COPD. We
propose an MCID range for CAT of -3.0 to -2.0 points; for CCQ, -0.5 to -0.3
points; for HADS-A, -1.8 to -1.3 points, and for HADS-D, -1.7 to -1.5 points.
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SUPPLEMENTARY MATERIAL

Figure A1. Flow-chart subject participation
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Figure A2. Receiver operator characteristic curves with a change of -4.0 points on the st. George
respiratory questionnaire as anchor to estimate the MCID on the CAT (A), CCQ (B), HADS-A (C)
and HADS-D (D) AUC= Area under the curve
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Table A1. Baseline characteristics completers versus non-completers of pulmonary rehabilitation.

Gender, male (%)
Age, years
Current smoker, n (%)
Pack years, n
BMI, kg/m2
FFMI, kg/m2
FEV (% pred)

Completers (n=419)
232 (55.4)
64.3 (8.8)
79 (18.9)
40.0 (30.0-50.0)
26.2 (5.7)
17.0 (2.4)
48.9 (20.0)

Non-completers (n=99)
56 (56.6)
63.2 (10.3)
35 (35.7)
40.0 (30.0-51.0)
26.2 (6.3)
17.0 (2.6)
47.3 (20.1)

P-value
0.829
0.274
<0.001
0.468
0.926
0.812
0.490

FEV /FVC (%)

37.3 (12.1)

38.4 (12.9)

0.418

Oxygen saturation (%)
mMRC grade ≥2, n (%)
CAT total score, points
CCQ total score, points
SGRQ-C total score, points
HADS-A score, points
HADS-D score, points
6MWD, meters

94.0 (93.0-96.0)
334 (80.7)
21.5 (6.6)
2.6 (1.0)
60.1 (17.1)
7.5 (4.4)
7.4 (4.2)
431.1 (123.7)

94.0 (92.0-96.0)
83 (84.7)
21.7 (6.9)
2.8 (1.1)
65.4 (18.1)
9.0 (4.9)
8.0 (4.9)
393.0 (123.3)

0.345
0.014
0.826
0.042
0.007
0.004
0.210
0.007

1
1

Summary variables are presented as n (%) for discrete variables, mean ± SD for quantitative variables
or median (IQR) for skewed variables.
Abbreviations: FEV1, forced expiratory volume in the first second; FVC, forced vital capacity; BMI,
body mass index; FFMI, Fat Free Mass Index; mMRC, modified Medical Research Council scale;
CAT, COPD Assessment Test; CCQ, Clinical COPD Questionnaire; SGRQ-C, COPD specific St.
George Respiratory Questionnaire score; HADS-A, Hospital Anxiety and Depression Scale, Anxiety
subscale; HADS-D, Hospital Anxiety and Depression Scale, Depression subscale
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Table A2. Literature search
Questionnaire:

Key words:

Search results:

Relevant articles:

Additional
Articles*:
4. Jones,
Chest
2012

44 articles
1. Dodd, Thorax
((((((Minimum Clinically
2011
Important Difference) OR
2. Tsiligianni, BMC
Minimal Clinically
Pulm Med
Important Difference) OR
2012
minimal important
3. Kon, the Lancet
difference) OR minimum
Resp Med 2014
important difference) OR
MCID)) AND (COPD
assessment test OR CAT)
64 articles
1. Kocks, Respir
Clinical COPD
((((((Minimum Clinically
Res 2006
questionnaire
Important Difference) OR
2. Tsiligianni, BMC
Minimal Clinically
Pulm Med
Important Difference) OR
2012
minimal important
3. Kon, Thorax
difference) OR minimum
2014
important difference) OR
5. Canavan,
MCID)) AND (Clinical
Respirology
COPD questionnaire OR
2014
CCQ)
15 articles
1. Puhan, Health
((((((Minimum Clinically
Hospital Anxiety
Qual Life
Important Difference) OR
and Depression
Outcomes 2008
Minimal Clinically
Scale
Important Difference) OR
minimal important
difference) OR minimum
important difference) OR
MCID)) AND (Hospital
Anxiety and Depression
Scale OR HADS)
The computerized search was performed in the database Medline/PubMed for reports
published till December 2015. * Reference lists and citations of included articles were searched
to identify additional articles that may contain information on the topic of interest.
COPD
Assessment test
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Table A3. 95% Confidence interval (CI) for CAT, CCQ and HADS based on various
distributions
Distrubution
CAT
1
2
3
CCQ
1
2
3
HADS-A 1
2
3
HADS-D 1
2
3

Mean
-2.6
-2.4
-2.4
-0.4
-0.4
-0.4
-1.5
-1.6
-1.6
-1.6
-1.6
-1.6

95% Confidence Interval for Mean
Lower Bound
Upper Bound
-3.0
-2.2
-2.7
-2.0
-2.7
-2.2
-0.5
-0.3
-0.4
-0.4
-0.4
-0.4
-1.8
-1.3
-1.8
-1.4
-1.7
-1.4
-1.7
-1.5
-1.7
-1.5
-1.7
-1.5

MCID Range

-3.0 to -2.0
-0.5 to -0.3
-1.8 to -1.3
-1.7 to -1.5

1= Original values; equal weight to anchor-based MCIDs as distribution-based MCIDs
2= Distribution based on 2/3 anchor-based MCIDs and 1/3 distribution-based MCIDs
(double weight on anchor-based MCIDs)
3= Distribution based on 3/5 anchor-based MCIDs and 2/5 distribution-based MCIDs
(60% anchor based; 40% distribution based)
Abbreviations: CAT, COPD Assessment Test; CCQ, Clinical COPD Questionnaire; HADS-A,
Hospital Anxiety and Depression Scale, Anxiety subscale; HADS-D, Hospital Anxiety and
Depression Scale, Depression subscale
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ABSTRACT

Background The 2014 updated Global initiative for chronic Obstructive Lung
Disease (GOLD) strategy added the St. George’s Respiratory Questionnaire
(SGRQ) as the fourth possible symptoms measure. The impact of the suggested
tools for symptoms of COPD and the different definitions of future risk on the
frequency distribution and clinical characteristics of the GOLD groups remain
unknown.
Methods
Demographic and clinical characteristics were assessed in 542
patients with COPD (57.7% male, age 64.6 [9.0] years, FEV1 54.7 [22.3]%
predicted). Health status was assessed by the COPD-specific SGRQ and
symptoms of anxiety and depression by the Hospital Anxiety and Depression
Scale, anxiety (HADS-A) and depression (HADS-D) subscale. Cohen’s Kappa was
used to assess agreement between groups.
Results
Level of agreement in frequency distribution using the modified
Medical Research Council dyspnea (mMRC) scale ≥2, COPD Assessment Test
(CAT) ≥10, Clinical COPD Questionnaire (CCQ) ≥1 and SGRQ ≥25 was
moderate to very good. Best agreement was reached between CCQ and SGRQ (K
= 0.838 or 0.851, p<0.001). Patients classified in mMRC GOLD A reported higher
SGRQ scores, higher HADS-A and HADS-D scores compared to patients
classified in CAT GOLD A or SGRQ GOLD A. Outcomes were comparable
between the risk assessment groups.
Conclusions Choice of the symptom measure impacts GOLD groups more
than choice of the exacerbation risk assessment. Health care professionals should
be aware that patients are heterogeneous in terms of health status and symptoms
of anxiety and depression based on the symptom measure used.
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INTRODUCTION
The 2007 Global initiative for chronic Obstructive Lung Disease (GOLD)
statement classified COPD patients into 4 groups (GOLD stages I to IV), based
on the degree of airflow limitation (1). This parameter, however, is only poorly-tomoderately associated with disease activity and progression, extra-pulmonary
features and comorbidities, and prognosis in COPD patients (2-4). Therefore, the
2011 GOLD strategy started classifying patients in 4 new groups (GOLD groups
A to D) based on the combination of the degree of airflow limitation and the
number of exacerbations in the past 12 months (A/B vs. C/D); and the severity of
symptoms (A/C vs. B/D) (Table 1). To assess the severity of symptoms, the
GOLD strategy recommends new, simple and reliable assessment tools, designed
for use in routine daily clinical practice (5).
Jones and colleagues were the first to study the impact of the choice of symptom
measure (modified Medical Research Council dyspnea, mMRC scale or COPD
Assessment Test, CAT) on the frequency distribution and clinical characteristics of
the GOLD groups (6). The current mMRC cut-point of grade ≥2 did not match
with the current CAT cut-point of ≥10 points (6). Thus, the choice of symptom
measure clearly influences the new GOLD classification (6,7), and in turn, the
necessity for refinement of the current mMRC and/ or CAT cut-points was
suggested.
The 2013 GOLD strategy added the Clinical COPD Questionnaire (CCQ) as the
third possibility to classify patients to the low (A/C) or high (B/D) symptom
group. Moreover, the number of COPD hospitalizations in the past 12 months
(cut-point: ≥1 hospitalizations) was added as the third criterion to classify patients
as GOLD low (A/B) or high (C/D) risk (8). Casanova and colleagues showed that
the symptom measure (i.e. mMRC, CAT or CCQ) used “can substantially alter
group assignment” (9). Since the St. George’s Respiratory Questionnaire (SGRQ)
is the most documented measure and commonly used in COPD studies, the 2014
updated GOLD strategy added the SGRQ (cut-point: ≥25 points) as a fourth
possibility to grade symptoms (10). To date, the impact of all of these introduced
assessment tools on the frequency distribution and clinical characteristics of the
GOLD groups remain unknown. Therefore, the aims of the present study were: 1)
to investigate the impact of the 4 different assessment tools for symptoms
(mMRC, CAT, CCQ or SGRQ) and different definitions of future risk (degree of
airflow limitation/≥2 COPD exacerbations, and degree of airflow limitation/≥1
hospitalization for COPD exacerbation) on the frequency distribution of GOLD
groups A to D; and 2) to study differences in health status, functional mobility,
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symptoms of anxiety and depression, and self-reported comorbidities between the
GOLD groups using these different scenarios. We hypothesized a priori that the
symptom measures impact the GOLD distribution as well as the clinical
characteristics of the GOLD groups.
Table 1. Overview GOLD strategies
I
GOLD
2007

II

III

IV

FEV1 ≥ 80% pred FEV1 ≥ 50% pred FEV1 ≥ 30% pred FEV1 < 30% pred
< 80% pred
< 50% pred
A

GOLD GOLD 2007 or
2011
Exacerbation
historya

B

C

D

GOLD I or II
GOLD I or II
GOLD III or IV GOLD III or IV
0-1 exacerbations 0-1 exacerbations ≥ 2 exacerbations ≥ 2 exacerbations

mMRC grade

0-1

≥2

0-1

≥2

CAT, points

< 10

≥ 10

< 10

≥ 10

GOLD GOLD 2007 or
2013
Exacerbation
historya

GOLD I or II
GOLD I or II
GOLD III or IV GOLD III or IV
0-1 exacerbations 0-1 exacerbations ≥ 2 exacerbations ≥ 2 exacerbations

GOLD 2007 or
Hospitalization
historya

GOLD I or II
No
hospitalizations

GOLD I or II
No
hospitalizations

GOLD III or IV GOLD III or IV
≥ 1 hospitalizations ≥ 1 hospitalizations

mMRC grade or

0-1

≥2

0-1

≥2

CAT, points or

< 10

≥ 10

< 10

≥ 10

CCQ, points

<1

≥1

<1

≥1

GOLD GOLD 2007 or
2014
Exacerbation
historya

GOLD I or II
GOLD I or II
GOLD III or IV GOLD III or IV
0-1 exacerbations 0-1 exacerbations ≥ 2 exacerbations ≥ 2 exacerbations

GOLD 2007 or
Hospitalization
historya

GOLD I or II
No
hospitalizations

GOLD I or II
No
hospitalizations

GOLD III or IV GOLD III or IV
≥ 1 hospitalizations ≥ 1 hospitalizations

mMRC grade or

0-1

≥2

0-1

≥2

CAT, points or

< 10

≥ 10

< 10

≥ 10

CCQ, points

< 1.0-1.5

≥ 1.0-1.5

< 1.0-1.5

≥ 1.0-1.5

SGRQ, points

< 25

≥ 25

< 25

≥ 25

If there is a discrepancy between the risk group as classified by airflow limitation or exacerbation
history, the GOLD strategy suggests to use the parameter with worst future risk.

a
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METHODS
Design
The current cross-sectional analyses are part of an ongoing prospective
observational study about determinants of health status assessed with CAT in a
broad sample of COPD patients. The Medical Ethical Committee of the Maastricht
University Medical Centre+ Maastricht, the Netherlands (METC 11-3-070)
approved this study, which was registered at the Dutch Trial Register (NTR 3416).
Study Population
Patients were eligible to participate if they had a primary diagnosis of COPD and if
they were clinically stable for at least 4 weeks preceding enrollment. Patients were
excluded if they had a history of other lung diseases, had undergone lung surgery
or had a malignancy within the last 5 years. All patients gave written informed
consent.
Patients were recruited in primary, secondary and tertiary care settings between
April 2012 and April 2014. Primary care patients only received treatment by their
general practitioner and never contacted a chest physician or were previously
treated in tertiary care. Secondary care patients were only treated by a chest
physician but were not previously treated in tertiary care. Primary and secondary
care patients were recruited through general practitioner practices selected from
the Registration Network of Family Practices, RNH (11). Tertiary care patients
were recruited at CIRO+, a centre for pulmonary rehabilitation in Horn, the
Netherlands, during their pre-rehabilitation assessment.
Measurements
Primary and secondary care patients were assessed during home visits, while
tertiary care patients were measured during an inpatient pre-rehabilitation
assessment (12). Demographics, body mass index (BMI), smoking status, number
of exacerbations and hospitalizations during the last 12 months, use of long-term
oxygen therapy, current medication, post-bronchodilator spirometry (forced
expiratory volume in 1 second, [FEV1], and forced vital capacity, [FVC]), mMRC
dyspnea grade, functional mobility (Timed Up and Go [TUG] test) and selfreported comorbidities (Charlson Comorbidity Index) were assessed (13-15).
Symptoms of anxiety and depression were assessed by using the Hospital Anxiety
and Depression Scale, consisting of an anxiety subscale (HADS-A) and depression
subscale (HADS-D) (16, 17). In addition, disease-specific health status was
assessed using the CAT, the CCQ and the COPD-specific version of the SGRQ
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(SGRQ-C) (18-20). SGRQ scores were used to assess differences in health status
between the various scenarios.
Statistics
Allocation to GOLD groups was made using mMRC ≥2 vs. CAT ≥10 or CCQ ≥1
or SGRQ ≥25 and degree of airflow limitation/≥2 exacerbations vs. degree of
airflow limitation/≥1 hospitalization in the previous 12 months. Bivariate
correlations (Pearson’s product-moment correlation) between mMRC, CAT, CCQ
and SGRQ scores were assessed. Cohen’s Kappa was used to assess agreement
between the frequencies of patients classified into GOLD groups A to D using the
different cut-points. Kappa values were categorized as having poor (<0.0), slight
(0.00-0.20), fair (0.21-0.40), moderate (0.41-0.60), substantial (0.61-0.80), and very
good (0.81-1.00) agreement (21). Patient characteristics were compared between
GOLD groups A to D using univariate analysis of variance for continuous
variables, followed by post hoc least significance difference (LSD) multiple
comparisons, or Kruskal-Wallis test followed by Mann-Whitney U test, as
appropriate. Categorical variables were compared using Chi- Square tests. The
same statistics were used to compare patient characteristics and health status,
symptoms of anxiety and depression, the TUG test, and self-reported
comorbidities between GOLD groups. For other tests, the independent sample ttest or Mann-Whitney U test were used, as appropriate. All statistical analyses were
performed using SPSS for Windows, Version 19.0. A p-value ≤0.01 was
interpreted as statistically significant.
RESULTS
Patient Characteristics
In total, 542 patients with moderate to very severe COPD were included.
Characteristics of the study population are presented in Table 2.
The Impact of Symptom Measure on Frequency Distribution
The mMRC, CAT, CCQ and SGRQ scores were moderately to strongly correlated,
with the best relationship being between the CCQ and SGRQ (r= 0.853, p < 0.001)
(e-Figure 1). Using the cut-points selected, the majority of the patients were
classified as GOLD D, irrespective of the symptom measure used (Figure 1).
The agreement of classification (Kappa values) into low (A/C) or high (B/D)
symptom GOLD groups using the mMRC, CAT, CCQ or SGRQ scores is
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summarized in Table 3. There was a moderate to substantial agreement (K= 0.602
or 0.626, p < 0.001) between mMRC and CAT and very good agreement (K= 0.838
or 0.851, p < 0.001) between CCQ and SGRQ scores.
Table 2. Patient characteristics
General characteristics
Men, n (%)
Age, years
Current smoker, n (%)
Packyears, n
FEV % predicted

313 (57.7)
64.6 (9.0)
132 (24.4)
42.6 (28.0)
54.7 (22.3)

FEV /FVC, %

42.2 (13.7)

1
1

kg/m2

BMI,
Exacerbations previous 12 months ≥2, n (%)
Hospitalizations previous 12 months ≥1, n (%)
Charlson Comorbidity Index, points
mMRC, grade
CAT, points
CCQ, points
SGRQ total, points
HADS-A, points
HADS-D, points
TUG test, secondsa
Primary care patients, n (%)
Secondary care patients, n (%)
Tertiary care patients, n (%)

26.1 (5.3)
256 (47.2)
187 (34.5)
1.8 (1.2)
2.1 (1.2)
19.9 (7.3)
2.3 (1.1)
53.1 (21.6)
6.8 (4.4)
6.5 (4.3)
10.3 (3.6)
63 (11.6)
97 (17.9)
382 (70.5)

7

n= 542. Values expressed as mean (standard deviation) or number of patients (n), proportion (%).
Abbreviations: FEV1, forced expiratory volume in the first second; BMI, body mass index; mMRC,
modified Medical Research Council scale; CAT, COPD Assessment Test; CCQ, Clinical COPD
Questionnaire; SGRQ, St. George Respiratory Questionnaire score; TUG, Timed ‘Up and Go’ test;
HADS-A, Hospital Anxiety and Depression Scale, Anxiety subscale; HADS-D, Hospital Anxiety and
Depression Scale, Depression subscale; an = 534

The Impact of Symptom Measure on Clinical Characteristics
On average, GOLD B/D patients had worse disease-specific health status scores
compared to GOLD A/C patients, with worst (=highest) health status scores in
GOLD D groups (Figure 2, e-Table 1a and e-Table 1b). mMRC GOLD A patients
had a significantly worse health status compared to CAT GOLD A, CCQ GOLD
A and SGRQ GOLD A patients. mMRC GOLD B, CCQ GOLD B and SGRQ
GOLD B patients reported significantly worse health status compared to CAT
GOLD B patients. In GOLD C and D groups, however, mean SGRQ scores were
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Figure 1. Frequency distribution stratified by symptom measure and exacerbation risk assessment.

comparable between the symptom measures mMRC, CAT and CCQ. mMRC
GOLD C and CAT GOLD C patients reported worse health status compared to
SGRQ GOLD C patients (Figure 2).
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Table 3. Cohen’s Kappa between symptom measures and same risk assessments
Exacerbation history/degree of airflow limitation as risk assessment
CAT
CCQ

SGRQ

mMRC

0.678

0.602

0.694

CAT
0.806
0.787
CCQ
0.838
Hospitalization history/degree of airflow limitation as risk assessment
CAT
CCQ
SGRQ
mMRC

0.626

0.712

0.698

CAT
CCQ

-

0.820
-

0.803
0.851

All results: p<0.001

On average, GOLD B/D patients needed more time to complete the TUG test
compared to GOLD A/C patients, with worst impairment in GOLD D patients.
mMRC GOLD B patients and SGRQ GOLD B patients reported more
comorbidities compared to mMRC GOLD A, C and D patients and SGRQ A and
D patients, respectively (e-Table 1a and e-Table1b). There were no differences in
the number of self-reported comorbidities and time needed to complete the TUG
test between GOLD groups using mMRC, CAT, CCQ or SGRQ (Figure 2). On
average, GOLD B/D patients reported significantly higher HADS-A and HADSD scores compared to GOLD A/C patients (e-Table 1a and e-Table 1b). mMRC
GOLD A patients had higher (=worse) HADS-A and HADS-D scores compared
to CAT GOLD A and SGRQ GOLD A patients.
The Impact of Exacerbation Risk Assessment on Frequency Distribution
Table 4 shows that there is substantial agreement between the classifications using
the exacerbation history and hospitalization history as risk assessment.
The Impact of Exacerbation Risk Assessment on Clinical Characteristics
In general, the impact of choice of symptom cut-point measure on demographic
and clinical characteristics was similar for both exacerbation risk assessment
groups (Figure 2, e-Table 1a and e-Table 1b). Health status, physical mobility,
symptoms of anxiety and depression and self-reported comorbidities were
comparable between both exacerbation risk assessment groups (Figure 2).
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Figure 2. Health status as assessed by a) SGRQ, b) symptoms of anxiety (HADS-A) and c)
depression (HADS-D), d) functional mobility (TUG test) and e) self-reported comorbidities
(Charlson Comorbidity Index) stratified by symptom measure and exacerbation risk assessment (left
column: degree of airflow limitation/exacerbation history; right column: degree of airflow
limitation/hospitalization history). Significances are only described for comparison between similar
GOLD groups using different symptom measures (e.g. mMRC GOLD A versus CAT GOLD A
versus CCQ GOLD A versus SGRQ GOLD A. For significances within each symptom measure see
online supplementary table E1a and E1b). *p≤0.01 versus CAT; #p≤0.01 versus CCQ; §p≤0.01
versus SGRQ

Table 4. Cohen’s Kappa between different risk assessments and same symptom measures

Degree of
airflow
limitation/
exacerbation

mMRC
CAT
CCQ
SGRQ

Degree of airflow limitation/hospitalization
mMRC
CAT
CCQ
SGRQ
0.801
0.764
0.771
0.769

All results: p<0.001

DISCUSSION
Key Findings
This is the first study investigating the impact of the 4 GOLD-recommended
symptom measures (mMRC, CAT, CCQ and SGRQ) and the 2 measures for
exacerbation risk (exacerbation and hospitalization history) on the frequency
distribution of GOLD groups A to D, and their clinical characteristics in COPD
patients. It shows that the choice of symptom measure influences the frequency
distribution of the new GOLD groups more than the measures for exacerbation
risk. Moreover, health status and psychological symptoms differ between different
139
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outcome measures used to identify high and low symptom patients, in particular in
GOLD groups A and B. Thus, our hypothesis that the symptom measures impact
the GOLD distribution as well as the clinical characteristics of the GOLD groups
is partly confirmed.
The Impact of Symptom Measure on Frequency Distribution
The distribution of patients between GOLD groups A/C or B/D was dependent on
the choice of symptom measure. As suggested before (6), this is not surprising since
CAT, CCQ and SGRQ cover a broad variety of symptoms and have been developed
differently compared to mMRC (18,19). The current study extends previous reports
and shows that the mMRC cut-point of ≥2 gives an overrepresentation of patients
classified in groups A and C compared with cut-points of the CAT, CCQ and SGRQ
(6,22). In addition, previous studies only included primary and secondary care
patients, while the majority of patients in the current analyses were recruited in
tertiary care (22,23). As suggested before, the distribution of patients across GOLD
groups seems to differ by sample population (23). The results also show that the
impact of the choice of symptom measure is most pronounced in the low risk
groups GOLD A/B. Probably, the impact of severe airflow limitation or
exacerbations/hospitalizations on health status is more pronounced in the high-risk
groups GOLD C/D, compared to the low-risk groups GOLD A/B, which may
overwhelm the impact of choice of symptom measure in the high-risk groups. The
current study found a similar degree of agreement between mMRC and CAT
compared to previous studies and showed even a better agreement between mMRCCCQ and CAT-CCQ with best agreement between CCQ-SGRQ (6,9,22). However,
the current study extends previous findings (24) showing a similarly strong
relationship between CAT and CCQ (r = 0.771, p < 0.001) and the best relationship
between CCQ and SGRQ (r= 0.853, p < 0.001) (e-Figure 1).
Patients with a CAT score ≥10 points experience a negative impact of their disease
on their daily lives (25). Jones and colleagues showed that the classification of low
symptom patients were approximately equivalent using the cut-points of mMRC
grade ≥1 and CAT score ≥10 (6). Other studies suggest a CAT cut-point of 22
points or 13 points to determine low symptom groups which correspond with an
mMRC cut-point of 2 or more (23,26). However, the choice of an adequate cutpoint remains debatable: the updated GOLD 2014 guidelines suggest a cut-point
for the CCQ between 1.0-1.5 points (9), while the current study suggests a CCQ
cut-point of ≥0.6 points and an mMRC grade of ≥1 matching with a CAT cutpoint of ≥10 points to reach the best agreement (e-Figure 2 and e-Figure 3). The
classification is important since treatment is recommended according to the
classification of the disease described in the GOLD guidelines. Although, the CAT
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and CCQ are both useful tools to assess patients’ experience of COPD (24), it has
been suggested to be challenging using both tools in clinical practice (27). Kim and
colleagues suggested using the worse score on CAT or mMRC to allocate patients
to GOLD groups A/C or B/D (22), like the procedure for exacerbation risk
assessment. However, if this procedure is applied in the current study, only 4.8%
of all patients are classified in GOLD groups A/C of which most of them are
classified in the low risk group A. Therefore, this procedure probably gives an
underestimation of low symptom patients (GOLD A/C).
The Impact of Symptom Measure on Clinical Characteristics
Furthermore, the current study shows that patients classified as GOLD group A/C
using mMRC reported a worse health status as compared to CAT or CCQ assessed
patients. This supports and extends previous findings (6). Interestingly, in mMRC
GOLD B, CCQ GOLD B and SGRQ GOLD B groups, patients reported a worse
health status compared with CAT GOLD B patients. Furthermore, mMRC
GOLD A patients reported higher HADS-A and HADS-D scores compared to
CAT GOLD A and SGRQ GOLD A patients. Previously, dyspnea and CAT
scores have been associated with symptoms of anxiety and depression (28-30).
Since mMRC GOLD A patients reported worse health status scores (Figure 2,
e-Table 1a and e-Table 1b), it is reasonable that those patients also report higher
HADS scores.
The current study identified significantly more self-reported comorbidities in
mMRC GOLD B and SGRQ GOLD B/C compared to mMRC GOLD A, C and
D and SGRQ A or D patients, respectively, while there were no differences in selfreported comorbidities between the GOLD groups when using the alternative
GOLD-recommended symptom measures. Although previous studies also showed
the highest prevalence of comorbidities in GOLD B (31,32), the present results
once again emphasize the importance of the choice of symptom measure. In
addition, these studies only used the mMRC to categorize symptoms while the
current study considered all various scenarios (31,32).
Finally, the choice of risk assessment did not impact the frequency distribution or
the clinical characteristics which is in line with a recently published report
suggesting a 4.2% shift from low risk patients to high risk patients, independent of
the symptom measure used (23). While the authors concluded that the meaning
was clinically uncertain (23), the present study indicates that both measures for risk
assessment are comparable.
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Limitations
There are a number of aspects that need to be taken into consideration regarding
the current study. The proportion of patients from primary (11.6%), secondary
(17.9%) and tertiary (70.5%) care is not equally distributed, which may limit the
external validity of the current findings. Furthermore, the current findings need to
be interpreted in the light of the number of comparisons that were made in the
present study (33). Nonetheless, multiple findings in the same direction, rather
than a single statistically significant result, suggest that these are not due to chance
alone. Future studies are necessary to further assess the impact of the use of
mMRC, CAT, CCQ and SGRQ on prognosis in all groups and to provide
recommendations for disease management.
CONCLUSION
In contrast to the possibilities to assess future risk, the 4 possible symptom
measures have an impact upon the distribution of patients between the new
GOLD groups. This is especially seen in the low-risk GOLD groups A and B, in
terms of impact on health status and psychological symptoms. Health care
professionals should be aware that patients differ in terms of health status and
symptoms of anxiety and depression based on the symptom measure used.
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SUPPLEMENTARY MATERIAL
E-table 1A. Clinical characteristics by GOLD groups/different scenarios – degree of airflow
limitation/exacerbations as risk assessment
mMRC
A
B
C
D
Gender, male (%)a
44 (64.7)
34 (68.0)
18 (52.9)
104 (56.5)
Age, years
62.6 (9.1)*
65.9 (8.7)#
59.0 (8.9)$
64.5 (8.6)
Current smoker, n (%)b
15 (22.1)
16 (32.0)
11 (32.4)
42 (22.8)
Packyears, nb
36.1 (19.3) *
51.0 (29.9) #$ 32.5 (15.6)
42.5 (28.4)
FEV1 (% pred)b
77.1 (17.9) *#$ 67.4 (12.4) #$ 48.2 (17.0) $
41.2 (17.8)
a,b
FEV1/FVC
55.4 (10.8) *#$ 50.5 (9.2) #$
38.8 (10.2) $
34.3 (11.6)
BMI, kg/m2
27.1 (4.9)#$
28.3 (5.9)#$
24.3 (4.6) $
25.5 (5.4)
Exacerbations previous 12 months, nb
0.3 (0.5) #$
0.3 (0.5) #$
2.1 (1.4)
3.1 (2.5)
Hospitalizations previous 12 months, nb 0.1 (0.3) #$
0.2 (0.5) #$
0.6 (0.9)
1.1 (1.4)
Charlson Comorbidity Index, pointsb
1.6 (1.2) *
2.2 (1.8) #$
1.5 (1.1) $
1.6 (1.0)
mMRC, pointsb
0.5 (0.5) *#$
2.5 (0.7) #$
0.9 (0.3) $
2.9 (0.8)
a
*#$
#
CAT total score, points
12.4 (5.9)
21.3 (6.2)
16.6 (6.4) $
22.2 (6.2)
CCQ total score, pointsa,b
1.0 (0.7) *#$
2.3 (1.0) #$
1.7 (0.8) $
2.8 (0.9)
SGRQ-C total score, pointsa
26.4 (17.0) *#$ 56.0 (14.7) #$ 40.7 (16.9) $
65.2 (14.6)
TUG test, secondsb
8.5 (1.6) *$
10.4 (3.0)#
8.2 (1.5) $
10.9 (3.4)
HADS-A score, pointsa,b
4.0 (3.3) *$
7.3 (4.4)#
4.4 (3.4) $
8.2 (4.5)
HADS-D score, pointsb
3.3 (3.6) *$
7.0 (3.7)#
3.9 (3.2) $
8.0 (4.3)

Gender, male (%)a
Age, years
Current smoker, n (%)b
Packyears, nb
FEV1 (% pred)b
FEV1/FVCa,b
BMI, kg/m2
Exacerbations previous 12 months, nb
Hospitalizations previous 12 months, nb
Charlson Comorbidity Index, pointsb
mMRC, pointsb
CAT total score, pointsa
CCQ total score, pointsa,b
SGRQ-C total score, pointsa
TUG test, secondsb
HADS-A score, pointsa,b
HADS-D score, pointsb
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A
16 (69.6)
59.7 (9.8)*$
4 (17.4)
31.1 (16.7)*$
83.6 (18.8)*#$
60.2 (9.3) *#$
27.1 (4.5)
0.1 (0.3) #$
0.1 (0.3) #$
1.7 (1.2)
0.5 (0.7) *#$
6.0 (2.4) *$
0.5 (0.4) *#$
17.4 (14.4) *#$
8.3 (1.0) *$
2.0 (1.9) *#$
1.6 (2.6) *#$

CAT

B
62 (65.3)
65.0 (8.6)
27 (28.4)
45.1 (26.4)
70.4 (14.8)#$
51.7 (10.0)#$
27.8 (5.6)
0.3 (0.5)#$
0.1 (0.4)#$
1.9 (1.6)
1.5 (1.2)$
18.6 (6.1)#$
1.8 (1.0) $
44.2 (19.9) $
9.6 (2.6) $
6.2 (4.1) $
5.7 (4.0) $

C
9 (81.8)
66.0 (7.1)
2 (18.2)
39.3 (32.4)
45.5 (20.6)
35.5 (12.3)
25.3 (4.0) $
2.5 (1.4)
1.2 (1.1)
1.4 (0.5)
1.7 (1.1) $
7.0 (2.6) $
1.3 (0.7) $
36.4 (17.3) $
8.7 (2.5) $
4.2 (2.6) $
4.7 (3.0) $

D
113 (54.6)
63.5 (9.0)
51 (24.6)
41.0 (26.8)
42.1 (17.7)
35.0 (11.5)
25.3 (5.3)
3.0 (2.4)
1.0 (1.4)
1.6 (1.1)
2.6 (1.0)
22.1 (5.7)
2.7 (0.9)
62.7 (16.4)
10.6 (3.4)
7.8 (4.5)
7.5 (4.5)
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Gender, male (%)c
Age, years
Current smoker, n (%)d
Packyears, n d
FEV1 (% pred) c,d
FEV1/FVC d
BMI, kg/m2
Exacerbations previous 12 months, n d
Hospitalizations previous 12 months, n d
Charlson Comorbidity Index, points d
mMRC, points d
CAT total score, pointsc
CCQ total score, pointsc
SGRQ-C total score, points d
TUG test, seconds d
HADS-A score, pointc
HADS-D score, points d

A
30 (65.2)
62.2 (8.9)
8 (17.4)
33.7 (17.4)*
80.3 (18.4)*#$
57.5 (10.2) *#$
26.5 (4.2)
0.2 (0.4) #$
0.0 (0.2) *#$
1.7 (1.4)
0.5 (0.6) *#$
9.9 (4.5) *$
0.5 (0.3) *#$
19.4 (12.7) *#$
8.4 (1.6)*$
3.2 (3.3)*$
2.4 (3.1) *#$

CCQ
B
48 (66.7)
65.1 (9.0)
23 (31.9)
48.1 (28.1)
68.3 (13.2)$
50.7 (9.7)$
28.4 (5.9)#$
0.3 (0.5) #$
0.2 (0.5) $
1.9 (1.6)
1.9 (1.1) #$
20.2 (6.1) #$
2.2 (0.9) #$
51.4 (16.3) #$
9.9 (2.7)
6.8 (4.0)#
6.5 (3.8)#

C
7 (70.0)
61.3 (6.7)
2 (20.0)
33.1 (13.6)
57.6 (21.4) $
44.0 (13.0) $
24.5 (4.5)
1.6 (1.6) $
0.4 (0.7)
1.7 (1.3)
1.0 (0.8) $
11.8 (6.5) $
0.8 (0.3) $
31.9 (16.3) $
8.5 (1.2) $
3.7 (2.9) $
3.3 (2.0) $

D
115 (55.3)
63.7 (9.0)
51 (24.5)
41.3 (27.5)
41.6 (17.4)
34.6 (11.3)
25.4 (5.3)
3.0 (2.4)
1.1 (1.4)
1.6 (1.0)
2.7 (1.0)
21.8 (6.2)
2.8 (0.9)
62.8 (16.2)
10.6 (3.4)
7.8 (4.5)
7.6 (4.4)

Gender, male (%)c
Age, years
Current smoker, n (%)d
Packyears, n d
FEV1 (% pred) c,d
FEV1/FVC d
BMI, kg/m2
Exacerbations previous 12 months, n d
Hospitalizations previous 12 months, n d
Charlson Comorbidity Index, points d
mMRC, points d
CAT total score, pointsc
CCQ total score, pointsc
SGRQ-C total score, points d
TUG test, seconds d
HADS-A score, pointc
HADS-D score, points d

A
24 (68.6)
62.6 (8.1)
8 (22.9)
31.1 (16.1) *$
81.8 (16.4) *#$
59.8 (7.2) *#$
26.6 (3.1)
0.2 (0.4) #$
0.1 (0.2) #$
1.5 (1.0) *#
0.3 (0.5) *#$
9.1 (4.3) *$
0.6 (0.3) *$
12.9 (6.5) *#$
8.2 (1.4) *$
2.2 (2.1) *$
1.3 (1.5) *$

SGRQ
B
54 (56.1)
64.6 (9.4)
23 (27.7)
47.4 (27.1) $
69.3 (15.1) $
50.6 (10.3) $
28.1 (6.0) $
0.3 (0.5) #$
0.2 (0.5) #$
2.0 (1.6) $
1.8 (1.1) #$
19.1 (6.5) #$
2.0 (1.0) #$
49.9 (15.6) #$
9.8 (2.6)
6.7 (4.1) #
6.4 (3.9) #$

C
3 (50.0)
61.7 (7.5)
0 (0.0)
35.4 (10.5)
52.7 (21.0)
43.7 (12.7)
26.4 (5.3)
1.3 (0.8) $
0.7 (0.8)
2.3 (1.5)
0.8 (0.8) $
9.8 (6.0) $
0.9 (0.5) $
20.1 (6.9) $
8.3 (1.9)
2.3 (2.6) $
2.3 (2.0) $

D
119 (56.1)
63.7 (8.9)
53 (25.0)
41.1 (27.4)
42.0 (7.7)
34.8 (11.4)
25.3 (5.3)
3.0 (2.4)
1.0 (1.4)
1.6 (1.0)
2.6 (1.0)
21.7 (6.3)
2.7 (0.9)
62.6 (16.1)
10.6 (3.4 )
7.7 (4.5)
7.5 (4.4)

*=

p≤0.05 versus group B, #= p≤0.05 versus group C, $= p≤0.05 versus group D
non parametric test for group “mMRC”, b= non parametric test for group “CAT”
c= non parametric test for group “CCQ”, d= non parametric test for group “SGRQ”
a=
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E-table 1B. Clinical characteristics by GOLD groups/different scenarios – degree of airflow
limitation/hospitalizations as risk assessment

(%)b

Gender, male
Age, years
Current smoker, n (%)b
Packyears, nb
FEV1 (% pred)b
FEV1/FVC b
BMI, kg/m2a,b
Exacerbations previous 12 months, nb
Hospitalizations previous 12 months, nb
Charlson Comorbidity Index, pointsb
mMRC, pointsa,b
CAT total score, pointsa
CCQ total score, points
SGRQ-C total score, points
TUG test, secondsb
HADS-A score, pointa,b
HADS-D score, pointsb

Gender, male (%)b
Age, years
Current smoker, n (%)b
Packyears, nb
FEV1 (% pred)b
FEV1/FVC b
BMI, kg/m2a,b
Exacerbations previous 12 months, nb
Hospitalizations previous 12 months, nb
Charlson Comorbidity Index, pointsb
mMRC, pointsa,b
CAT total score, pointsa
CCQ total score, points
SGRQ-C total score, points
TUG test, secondsb
HADS-A score, pointa,b
HADS-D score, pointsb
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A

B

mMRC

39 (54.9)
62.8 (8.6)#
15 (21.1)
36.0 (19.8)*
77.4 (17.4) *#$
55.4 (10.6) *#$
26.6 (4.8)
0.5 (0.9)#$
0.0 (0.0)#$
1.5 (1.2)*
0.5 (0.5) *#$
13.0 (6.4) *#$
1.0 (0.8) *#$
27.0 (16.7) *#$
8.4 (1.5) *$
3.9 (3.3) *$
3.2 (3.6) *#$

37 (61.7)
64.2 (8.9)#
18 (30.0)
46.7 (29.0) #
68.2 (13.7) #$
50.0 (9.8) #$
28.1 (56.3) #$
0.9 (1.2) #$
0.0 (0.0) #$
1.9 (1.6)
2.4 (0.6) #$
21.3 (5.8)#
2.3 (0.9) #$
54.8 (15.0) #$
10.3 (2.8) #
7.4 (4.6) #
6.8 (4.1) #$

A

B

14 (63.6)
59.5 (9.5)*$
3 (13.6)
29.9 (17.7)*$
84.2 (18.8) *#$
59.8 (10.1) *#$
26.7 (4.6)
0.3 (1.1) *#$
0.0 (0.0) #$
1.6 (1.2)
0.5 (0.7) *#$
6.0 (2.5) *$
0.5 (0.4) *#$
17.5 (14.9) *#$
8.1 (1.0) *$
2.3 (2.0) *$
1.5 (2.6) *#$

CAT

62 (56.9)
64.2 (8.4)
30 (27.5)
43.1 (25.6)
71.0 (15.0) #$
1.6 (10.1) #$
27.4 (5.8) $
0.8 (1.1) #$
0.0 (0.0) #$
1.7(1.5)
1.5 (1.1) $
19.0 (5.9)#$
1.8 (1.0) $
44.2 (19.3) $
9.5 (2.5) $
6.2 (4.3) #$
5.5 (4.2) $

C

23 (74.2)
58.2 (9.7)$
11 (35.5)
32.4 (13.7)
44.7 (13.5)
37.1 (8.9)
25.3 (5.4)
1.6 (1.5)
0.9 (0.9)
1.5 (1.1)
0.9 (0.3)
15.5 (6.2)
1.7 (0.8)
40.9 (17.9)
8.4 (1.6)
4.5 (3.6)
4.3 (3.1)

C

11 (91.7)
65.7 (8.0)
3 (25.0)
40.6 (29.7)
47.5 (21.1)
38.2 (14.1)
26.2 (4.2)
1.9 (1.3)
1.3 (1.0)
1.4 (0.5)
1.7 (1.1) $
7.0 (2.5) $
1.2 (0.7) $
34.7 (17.1) $
8.9 (2.3) $
3.5 (2.9) $
4.6 (3.1) $

D

101 (58.0)
65.0 (8.6)
40 (23.0)
43.5 (28.9) $
39.4 (16.0) $
33.6 (11.1) $
25.4 (5.2)
3.1 (2.6) $
1.2 (1.4)
1.6 (1.1)
3.0 (0.8) $
22.3 (6.3) $
2.9 (0.9) $
66.1 (14.0) $
11.0 (3.5) $
8.2 (4.4) $
8.2 (4.2) $

D

113 (58.5)
63.8 (9.1)
48 (24.9)
41.9 (27.4)
39.8 (15.3)
33.9 (10.6)
25.3 (5.2)
2.9 (2.6)
1.2 (1.4)
1.6 (1.1)
2.7 (1.0)
22.1 (5.9)
2.8 (0.9)
64.0 (15.7)
10.7 (3.4)
7.9 (4.4)
7.8 (4.3)
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(%) d

A

B

CCQ

C

D

Gender, male
Age, years
Current smoker, n (%)d
Packyears, nd
FEV1 (% pred)
FEV1/FVCd
BMI, kg/m2c
Exacerbations previous 12 months, nd
Hospitalizations previous 12 months, nd
Charlson Comorbidity Index, pointsd
mMRC, pointsc,d
CAT total score, points
CCQ total score, pointsc,d
SGRQ-C total score, pointsc,d
TUG test, secondsd
HADS-A score, pointc,d
HADS-D score, pointsd

30 (62.5)
62.5 (8.4)
8 (16.7)
33.6 (17.7)*$
80.9 (17.7) *#$
57.7 (9.8) *#$
26.0 (3.9)
0.4 (0.9) *$
0.0 (0.0) #$
1.7 (1.4)
0.5 (0.7) *$
10.3 (5.0) *$
0.6 (0.3) *$
21.1 (14.8) *$
8.4 (1.6) *$
3.2 (3.2) *$
2.3 (2.9) *#$

46 (55.4)
64.0 (9.0)
25 (30.1)
45.2 (27.5)
68.8 (14.0) #$
50.2 (10.0) #$
28.0 (6.2) $
0.9 (1.1) $
0.0 (0.0) #$
1.7 (1.5)
1.9 (1.0) #$
20.6 (5.7) #
2.2 (0.8) #$
50.5 (16.2) #$
9.8 (2.6) $
6.9 (4.3) #
6.3 (4.2) $

7 (87.5)
59.3 (9.1)
2 (25.0)
33.6 (9.9)
48.6 (15.9)
39.3 (10.8)
27.2 (6.3)
0.8 (07) $
0.8 (0.7)
1.8 (1.4)
0.9 (0.8) $
9.4 (5.1) $
0.7 (0.3) $
24.6 (9.2) $
8.5 (1.0) $
3.8 (4.0) $
4.3 (2.8) $

117 (59.4)
64.1 (9.0)
49 (24.9)
42.2 (27.9)
39.9 (15.7)
33.9 (10.8)
25.3 (5.1)
2.9 (2.5)
1.2 (1.4)
1.6 (1.1)
2.7 (1.0)
21.7 (6.4)
2.8 (0.9)
63.8 (15.6)
10.7 (3.4)
7.8 (4.4)
7.7 (4.3)

Gender, male (%) d
Age, years
Current smoker, n (%)d
Packyears, nd
FEV1 (% pred)
FEV1/FVCd
BMI, kg/m2c
Exacerbations previous 12 months, nd
Hospitalizations previous 12 months, nd
Charlson Comorbidity Index, pointsd
mMRC, pointsc,d
CAT total score, points
CCQ total score, pointsc,d
SGRQ-C total score, pointsc,d
TUG test, secondsd
HADS-A score, pointc,d
HADS-D score, pointsd

A
22 (64.7)
62.7 (7.8)
7 (20.6)
31.2 (16.4) *$
82.4 (16.2) *#$
60.1 (7.2) *#$
26.5 (3.2) $
0.3 (0.5) *#$
0.0 (0.0) #$
1.5 (1.0)
0.2 (0.5) *#$
9.2 (4.4) *$
0.6 (0.4) *$
12.6 (6.3) *#$
8.2 (1.4) *$
2.4 (2.2) *$
1.3 (1.4) *$

SGRQ
B
54 (55.7)
63.7 (9.1)
26 (26.8)
44.4 (26.5)
70.0 (15.3)#$
50.4 (10.4)$
27.6 (6.2)
0.9 (1.2)$
0.0 (0.0)#$
1.8 (1.5)
1.8 (1.0)#$
19.5 (6.2)#$
2.0 (1.0)#$
49.2 (15.5)#$
9.7 (2.6)$
6.6 (4.2)#$
6.1 (4.2)#$

C
5 (71.4)
61.3 (9.0)
1 (14.3)
33.8 (10.6)
53.7 (19.0)
44.6 (11.8)$
26.7 (4.7)
1.0 (0.8)$
0.9 (0.7)
2.1 (1.5)
0.9 (0.7)$
9.0 (5.4)$
0.7 (0.3)$
20.5 (6.5)$
8.3 (1.7)$
1.4 (2.1)$
2.4 (2.1)$

D
119 (60.1)
64.1 (9.0)
50 (25.3)
42.1 (27.8)
39.7 (15.5)
33.7 (10.7)
25.3 (5.2)
2.9 (2.6)
1.2 (1.4)
1.6 (1.1)
2.7 (1.0)
21.7 (6.4)
2.8 (0.9)
63.8 (15.5)
10.7 (3.4)
7.8 (4.4)
7.8 (4.2)

*=

p≤0.05 versus group B, #= p≤0.05 versus group C, $= p≤0.05 versus group D
non parametric test for group “mMRC”, b= non parametric test for group “CAT”
c= non parametric test for group “CCQ”, d= non parametric test for group “SGRQ”
a=
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E-figure 1. Pearson Correlation between a) mMRC and CAT; b) mMRC and CCQ; c) mMRC and
SGRQ; d) CAT
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E-figure 2. Frequency distribution stratified by symptom measure and exacerbation risk assessment
using alternative cut-points for CCQ.

7

E-figure 3. Frequency distribution stratified by symptom measure and exacerbation risk assessment
using alternative cut-points for mMRC
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E-figure 4. Health status as assessed by a) CAT and b) CCQ (left column: degree of airflow
limitation/exacerbation history; right column: degree of airflow limitation/hospitalization history).
Significances are only described for comparison between similar GOLD groups using different
symptom measures (e.g. mMRC GOLD A versus CAT GOLD A versus CCQ GOLD A versus
SGRQ GOLD A. For significances within each symptom measure please see online supplementary
table E1a and E1b). *p≤0.01 versus CAT; #p≤0.01 versus CCQ; §p≤0.01 versus SGRQ
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ABSTRACT
Background Patients with chronic obstructive pulmonary disease (COPD) can
be classified into groups A/C or B/D based on symptom intensity. Different
threshold values for symptom questionnaires can result in misclassification and, in
turn, different treatment recommendations. The primary aim was to find the best
fitting cut-points for Global initiative for chronic Obstructive Lung Disease
(GOLD) symptom measures, with a modified Medical Research Council dyspnea
grade of 2 or higher as point of reference.
Methods
After a computerized search, data from 41 cohorts and whose
authors agreed to provide data were pooled. COPD studies were eligible for
analyses if they included, at least age, sex, postbronchodilator spirometry, modified
Medical Research Council, and COPD Assessment Test (CAT) total scores.
Main outcomes Receiver operating characteristic curves and the Youden index
were used to determine the best calibration threshold for CAT, COPD Clinical
Questionnaire, and St. Georges Respiratory Questionnaire total scores. Following,
GOLD A/B/C/D frequencies were calculated based on current cut-points and the
newly derived cut-points.
Findings
A total of 18,577 patients with COPD [72.0% male; mean age:
66.3 years (standard deviation 9.6)] were analyzed. Most patients had a moderate or
severe degree of airflow limitation (GOLD spirometric grade 1, 10.9%; grade 2,
46.6%; grade 3, 32.4%; and grade 4, 10.3%). The best calibration threshold for
CAT total score was 18 points, for COPD Clinical Questionnaire total score 1.9
points, and for St. Georges Respiratory Questionnaire total score 46.0 points.
Conclusions The application of these new cut-points would reclassify about
one-third of the patients with COPD and, thus, would impact on individual disease
management. Further validation in prospective studies of these new values are
needed.
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INTRODUCTION
The Global initiative for chronic Obstructive Lung Disease (GOLD) is a recent
practice strategy on the diagnosis, prevention, and management of chronic
obstructive pulmonary disease (COPD) (1). Patients with COPD are classified
based on postbronchodilator spirometry into grade I (forced expiratory volume in
the first second, FEV1 ≥80% predicted), grade II (FEV1 50% to <80% predicted),
grade III (FEV1 30% to <50% predicted), or grade IV (FEV1 <30% predicted).
Additionally, patients are classified in groups A to D for specific therapeutic
recommendations based on the degree of symptoms (low vs high), and the history
of exacerbations and hospitalizations.
High symptoms are determined using various questionnaires: the modified Medical
Research Council scale (mMRC, grade 2 or higher), the COPD Clinical
Questionnaire (CCQ) total score (1 point or higher), the COPD Assessment test
(CAT) total score (10 points or higher), and the St. Georges Respiratory
Questionnaire (SGRQ) total score (25 points or higher) (1).
The choice of symptom questionnaire impacts the classification of patients with
COPD in GOLD A/C or B/D groups (2-5). mMRC only focusses on the impact
of dyspnea, the most common symptom of patients with COPD. The other
symptom questionnaires also take other aspects of health-related quality of life into
consideration. Therefore, the CAT, CCQ, or SGRQ may be preferred over
MMRC. However, mMRC is easy to obtain, and, it is the most frequently used in
clinical practice and studies, and is suggested to be used to categorize patients into
symptom severity groups for the purpose of treatment (1,6).
Previous studies suggest that the current cut-points need proper validation (4,7-10).
Indeed, the GOLD Scientific Committee recognized that a calibration of the current
cut-points of the symptom measures is an important topic that needs to be
addressed in the next major revision of the GOLD document (10). Then again, the
former threshold values for mMRC, SGRQ, and CAT are still used in the GOLD
2017 strategy (1). Interestingly, the GOLD document indicates that multidimensional
scores like CAT do not categorize patients into symptom severity groups for the
purpose of treatment, suggesting a central role of mMRC for patient classification.
Therefore, new classification schemes should be benchmarked against mMRC.
The primary aim of this patient-level pooled analysis was to find best fitting cutpoints for GOLD symptom measures, with a mMRC dyspnea grade of 2 or higher
as the point of reference. Following, the impact of the newly derived cut-points of
all questionnaires on the frequency distribution of the GOLD staging was studied.
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METHODS
This is a pooled analysis of concurrent cohort studies assessing mMRC and
multidimensional evaluation systems in COPD. To identify the original cohorts,
we performed a computerized search in the database Medline/Pubmed for reports
published from the first CAT publication (September 2009) to June 2015 (11).
D.S., S.H-W., or M.S. approached the corresponding authors to gather information
about their readiness to partake and the availability of a minimum required set of
individual data of patients with COPD, including age, sex, postbronchodilator
FEV1, CAT total score, and mMRC dyspnea grade. All participants within their
respective studies gave their informed written consent to participate in the original
study, and each study was approved by their respective ethics committee.
Measurements
The individual demographics and clinical characteristics [sex, age (years), height
(m), weight (kg), smoking status (current/former/never), pack years, use of longterm oxygen therapy (yes/no), FEV1 (liters), FEV1 (% predicted), FEV1/FVC (%),
mMRC dyspnea grade, CAT total score (points), CCQ total score (points), SGRQ
total score (points), and number of COPD exacerbations and/or hospitalizations
in the last 12 months] were provided from each dataset. All data were pooled, and
the dataset was cleaned.
Statistics
Mean (standard deviation), median (interquartile range), or proportions were
calculated, whatever appropriate. Pearson product moment correlations between
mMRC dyspnea grade, CAT total score, CCQ total score, and SGRQ total score
were performed. A r-value of <±0.20 indicates no meaningful correlation; ±0.20
to ±0.34, weak; ±0.35 to ±0.50, moderate; and >±0.50, strong correlation (12).
Postbronchodilator FEV1 was used to classify patients into spirometric grades 1-4.
Allocation to GOLD groups A-D was done using mMRC ≥2, CAT ≥10, CCQ ≥1,
and SGRQ ≥25 in combination with exacerbations history. In addition, patients
were re-allocated (if applicable) based on the newly derived cut-points in
combination with exacerbations history.
Receiver operating characteristic (ROC) curves were used to reveal the cut-points
for the GOLD symptom measures that discriminate best between the 2 clusters
defined on mMRC dyspnea grade (2 or higher). ROC curve represented
dependency between the sensitivity and specificity of the binary classification for
different cut-points of the GOLD symptom measures. The cut-point, which
satisfied the optimal criterion of the Youden index (13), was referred as the best
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calibration threshold. The optimal cut-points were calculated for CAT total score,
CCQ total score, and SGRQ total score. A software environment R v 3.1.0 was
used. The ROC function from the pROC package was used to visualize the ROC
curves and calculate the best thresholds.
Graphs were created using GraphPad Prism v 6 (GraphPad Software Inc. San
Diego, CA). Statistics were performed using SPSS for Windows, v 20.0 (IBM
Corp, Armonk, NY). A P value of ≤0.01 was interpreted as statistically significant,
to obtain a greater statistical power than the usual P value of <0.05.

8

Figure E1. Flow diagram of subject inclusion
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Table 1. General characteristics per resource article
Lead author
Journal and year

Dataset resource
Agusti
(39)
Qual Life Res,
2015

Billington
(40)
COPD,
2015

Boutou
(41)
BMJ Open
Respir Res, 2014

Country
Cohort
N
Gender (male), n (%)
Age, years
Current smoker, n (%)
Packyears
BMI, kg/m2
FEV (% pred.)

Spain
GSK
110
104 (94.5)
70.3 (9.7)
28 (25.5)

UK

UK

63.6 (20.0)

61
29 (47.5)
71.2 (10.0)
32 (52.5)
-

26.1 (22.3-29.9)

703
348 (49.5)
67.3 (9.8)
26.0 (22.4-30.0)d
49.2 (18.8)

FEV /FVC (%)

54.0 (11.2)b

53.0 (10.2)

43.9 (14.5)e

LTOT, n (%)
GOLD stage, n (%)
- I
- II
- III
- IV

-

-

-

24 (21.8)
57 (51.8)
24 (21.8)
5 (4.5)
9 (8.2)

12 (19.7)
39 (63.9)
9 (14.8)
1 (1.6)
41 (67.2)

45 (6.4)
289 (41.1)
246 (35.0)
123 (17.5)
-

6 (5.5)

-

-

49 (44.5)

41 (67.2)

576 (81.9)

16.3 (8.2)
44.5 (24.1)c

14.8 (6.8)
-

21.2 (7.5)
3.1 (1.2)f
47.3 (16.4)g

1
1

Exacerbations previous
12 months ≥2, n (%)
Hospitalizations previous
12 months ≥1, n (%)

mMRC dyspnea grade
≥2, n (%)
CAT total score, points
CCQ total score, points

SGRQ total score, points

40.0 (24.6-54.3)a

65.4 (15.8)

a 8 missing; b 1 missing; c 7 missing; d 190 missing; e 462 missing; f 522 missing; g 495 missing; h 11
missing; i 4missing; j 474missing; k 25missing; l 18 missing; m 159 missing; n 157 missing; o 2 missing.

Values expressed as mean (SD), median (IQR) or number of patients (%).
Abbreviations: BMI= body mass index; CAT= COPD Assessment Test; CCQ= Clinical COPD
Questionnaire; FEV1= Forced Expiratory Volume in the first second; FVC= Forced Vital Capacity;
GOLD= Global initiative for chronic Obstructive Lung Disease; LTOT= long-term oxygen therapy;
mMRC= modified Medical Research Council dyspnoea scale; SGRQ= St. George’s Respiratory
Questionnaire.
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Dataset resource
De Torres Casanova
(42)
(43)
CHEST,
Respir
2014
Res, 2014
Spain
CHAIN
785
658 (83.8)
67.8 (8.8)
223 (28.4)
55.9 (28.0)h
27.8 (24.8-31.0)i
59.3 (20.2)
51.9 (11.3)
69 (22.3)j

Casanova
(43)
Chest,
2014

Chaplin
(44)
J Cardiopulm
Rehabil Prev,
2015
UK

Jehn
(47)
Environ
Health, 2013

UK

Horita
(46)
Clin
Respir J,
2013
Japan

166
89 (53.6)
70.8 (8.7)
27.7 (7.0)k
56.2 (24.4)

196
114 (58.2)
69.2 (9.0)
27.6 (6.6)l
51.2 (19.4)

74
60 (81.1)
72.3 (9.4)
11 (14.9)
51.6 (30.4)
21.2 (3.0)
43.2 (12.7)

34
22 (64.7)
63.5 (9.9)
28 (82.4)
15.7 (12.1)
26.5 (19.9-29.8)
46.2 (13.4)

-

-

59.7 (7.7)
16 (21.6)

42.3 (13.2)o
8 (23.5)

-

Dodd
(45)
Thorax,
2011

Germany

134 (17.1)
377 (48.0)
231 (29.4)
43 (5.5)
98 (12.5)

35 (21.1)
55 (33.1)
50 (30.1)
26 (15.7)
-

16 (8.2)
86 (43.9)
65 (33.2)
29 (14.8)
-

0 (0.0)
20 (27.0)
42 (56.8)
12 (16.2)
-

0 (0.0)
14 (41.2)
15 (44.1)
5 (14.7)
11 (32.4)

89 (11.3)

-

-

-

20 (58.8)

358 (45.6)

131 (78.9)

148 (75.5)

35 (47.3)

16 (47.1)

12.1 (7.6)
1.6 (1.1)
-

21.8 (7.6)
-

20.2 (7.5)
2.9 (1.2)m
45.7 (19.1)n

11.1 (7.9)
-

19.1 (5.7)
-
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Packyears
BMI, kg/m2
FEV (% pred.)

Dataset resource
Jones
(2)
ERJ,
2013
Belgium, France,
UK, Germany, Italy,
the Netherlands and
Spain
HEED
1725
1251 (72.5)
64.9 (9.7)
737 (42.7)
38.4 (19.2)a
27.0 (4.9)b
56.4 (19.7)

FEV /FVC (%)

56.2 (10.6)c

51.3 (11.0)

36.9 (12.7)

54.5 (11.8)

LTOT, n (%)
GOLD stage, n (%)
-I
- II
- III
- IV

-

436 (19.3)

32 (14.6)

-

216 (12.5)
827 (47.9)
540 (31.3)
142 (8.2)
451 (29.9)d

202 (8.9)
956 (42.3)
856 (37.9)
244 (10.8)
633 (28.0)

8 (3.7)
45 (20.5)
96 (43.8)
70 (32.0)
132 (60.3)

99 (41.6)
92 (38.7)
38 (16.0)
9 (3.8)
126 (52.9)

155 (10.3)e

453 (20.1)i

-

-

751 (43.5)

1090 (48.3)

183 (83.6)

93 (39.1)

17.7 (8.4)
44.7 (19.4)f

18.1 (7.4)
43.6 (19.9)j

23.1 (8.1)
-

16.0 (9.3)
-

Lead author
Journal and year
Country

Cohort
N
Gender (male), n (%)
Age, years
Current smoker, n (%)

1
1

Exacerbations previous
12 months ≥2, n (%)
Hospitalizations previous
12 months ≥1, n (%)
mMRC dyspnea grade
≥2, n (%)

CAT total score, points
CCQ total score, points

SGRQ total score, points

Karch
(20)
Respir Med,
2016
Germany

Kelly
(48)
Respiration,
2012
UK

Kim
(49)
Pulm
Med, 2013
South
Korea

COSYCONET
2258
1379 (61.1)
65.1 (8.4)
561 (24.8)
41.2 (22.0-63.0)g
26.2 (23.2-29.4)h
52.5 (18.5)

219
139 (63.5)
64.0 (9.6)
28 (12.8)
41.7 (23.2)k
25.2 (5.4)l
40.4 (17.9)

238
192 (80.7)
67.8 (9.4)
51 (21.4)
27.9 (26.2)
22.9 (3.2)m
72.4 (23.7)

71 missing; b 6 missing; c 49 missing; d 151 missing; e 218 missing; f 151 missing; g 11 missing;
2 missing; i 2 missing; j 12 missing; k 125 missing; l 8 missing; m 3 missing; n 7 missing; o 1 missing; p
3 missing; q 6 missing; r 125 missing; s 14 missing; t 5 missing; u 23 missing.
a

h

Values expressed as mean (SD), median (IQR) or number of patients (%).
Abbreviations: BMI= body mass index; CAT= COPD Assessment Test; CCQ= Clinical COPD
Questionnaire; FEV1= Forced Expiratory Volume in the first second; FVC= Forced Vital Capacity;
GOLD= Global initiative for chronic Obstructive Lung Disease; LTOT= long-term oxygen therapy;
mMRC= modified Medical Research Council dyspnoea scale; SGRQ= St. George’s Respiratory
Questionnaire.
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Dataset resource
Kon
Kwon
(50)
(51)
Thorax, 2014
CHEST, 2013
the UK

Indonesia,
Korea, Vietnam
and Hong Kong

Lee
(52)
Respir Med,
2014
Australia, China,
Korea and
Taiwan

Ladeira
(53)
Rev Port
Pneumol, 2015
Portugal

LopezCampos (54)
Int J COPD,
2015
Spain

260
151 (58.1)
71.0 (8.8)
31 (11.9)
41.1 (29.5)
27.0 (23.7-31.0)
50.1 (20.6)

GSK
303
296 (97.7)
69.0 (9.4)
53 (17.5)
30.0 (20.0-50.0)
20.8 (3.6)
49.9 (18.0)

GSK
321
286 (89.1)
69.7 (8.8)
62 (19.3)
40.0 (25.0-60.0)
23.4 (4.1)
50.6 (19.3)

82
64 (78.0)
70.2 (9.5)
17 (20.7)
41.5 (20.0-75.0)
26.2 (5.0)
44.8 (16.3)

On-Sint
499
407 (81.6)
67.1 (9.3)
115 (23.0)p
38.3 (20.6)
27.7 (4.3)q
58.7 (18.4)

50.4 (14.3)

50.0 (9.8)

46.5 (12.1)

67.0 (11.4)

54.6 (10.8)r

12 (4.6)

-

-

47 (57.3)

69 (14.2)s

26 (10.0)
96 (36.9)
84 (32.3)
54 (20.8)
117 (45.0)

18 (5.9)
131 (43.2)
121 (39.9)
33 (10.9)
95 (32.1)n

25 (7.8)
121 (37.7)
137 (42.7)
38 (11.8)
153 (47.7)

2 (2.4)
22 (26.8)
48 (58.5)
10 (12.2)
26 (31.7)

55 (11.0)
304 (60.9)
112 (22.4)
28 (5.6)
309 (62.6)t

-

-

-

25 (30.5)

161 (33.8)u

185 (71.2)

169 (55.8)

153 (47.7)

54 (65.9)

247 (49.5)

20.7 (7.9)
2.8 (1.2)
49.3 (16.4)

17.8 (8.1)
45.4 (17.8)o

14.8 (8.0)
-

17.3 (8.2)
-

18.4 (7.6)
-

8
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Journal and year
published
Country
Cohort
N
Gender (male), n (%)
Age, years
Current smoker, n (%)
Packyears
BMI, kg/m2
FEV (% pred.)

Dataset resource
Manca
Maricic
(55)
(56)
COPD,
Coll Antropol,
2014
2013
Spain
Croatia

Mendoza
(57)
Eur Respir J,
2015
Chile

Mihaltan
(58)
Pneumologia,
2015
Romania

92
67 (72.8)
66.1 (10.8)
4 (4.3)
33.0 (15.5-60.0)
26.2 (4.7)
48.6 (17.2)

33
25 (75.8)
62.6 (7.9)
12 (36.4)a
41.6 (35.2)
24.5 (3.5)
67.5 (16.9)

101
62 (61.4)
68.8 (8.5)
40.5 (20.6)
26.9 (4.5)
66.1 (19.5)

1082
801 (74.0)
63.1 (10.1)
569 (52.6)
56.6 (17.8)

FEV /FVC (%)

47.3 (11.6)

57.3 (7.9)

55.0 (9.5)

-

LTOT, n (%)
GOLD stage, n (%)
- I
- II
- III
- IV
Exacerbations previous
12 months ≥2, n (%)

7 (7.6)

-

3 (3.0)

-

5 (5.4)
32 (34.8)
45 (48.9)
10 (10.9)
29 (31.5)

6 (18.2)
24 (72.7)
2 (6.1)
1 (3.0)
-

28 (27.7)
52 (51.5)
18 (17.8)
3 (3.0)
-

119 (11.0)
560 (51.8)
336 (31.1)
67 (6.2)
470 (43.4)

15 (16.3)

-

-

-

mMRC dyspnea grade
≥2, n (%)
CAT total score, points
CCQ total score, points
SGRQ total score, points

51 (55.4)

6 (18.2)

49 (48.5)

665 (61.5)

12.8 (8.1)
-

14.6 (7.7)
-

16.0 (8.2)
42.8 (18.4)

17.8 (7.9)
-

Author

1
1

Hospitalizations previous
12 months ≥1, n (%)

a 21
h

missing; b 145 missing; c 717 missing; d 28 missing; e 2 missing; f 153 missing; g 10 missing;
35 missing; i 2 missing; j 1 missing; k 29 missing; l 98 missing; m 98 missing; n 1 missing.

Values expressed as mean (SD), median (IQR) or number of patients (%).
Abbreviations: BMI= body mass index; CAT= COPD Assessment Test; CCQ= Clinical COPD
Questionnaire; FEV1= Forced Expiratory Volume in the first second; FVC= Forced Vital Capacity;
GOLD= Global initiative for chronic Obstructive Lung Disease; LTOT= long-term oxygen therapy;
mMRC= modified Medical Research Council dyspnoea scale; SGRQ= St. George’s Respiratory
Questionnaire.
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Dataset resource
Miravitlles
(59)
IJTLD,
2015
Spain
INSEPOC study
2721
2251 (82.7)
66.9 (9.7)
1959 (72.0)b
36.0 (24.0-50.0)c
27.7 (4.3)d
52.6 (18.9)

Miravitlles
(60)
Respir Med,
2014
Spain

Minami
(61)
Multidiscip
Respir Med, 2014
Japan

Nakken
(62)
BMJ Open,
2014
The Netherlands

Nishijima
(63)
Int J Chron Obstruct
Pulmon Dis, 2015
Japan

696
585 (84.1)
68.7 (9.3)
156 (22.4)g
43.2 (21.6)h
26.8 (24.7-30.0)i
53.2 (19.6)

50
47 (94.0)
71.0 (8.9)
11 (22.0)
63.5 (32.2)
22.9 (3.8)
51.5 (18.9)

193
101 (52.3)
66.0 (8.7)
32 (16.6)
37.8 (28.3-51.4)
26.3 (5.3)
47.3 (17.7)

16
15 (93.8)
73.5 (6.6)
2 (12.5)
37.5 (24.6)n
20.6 (2.4)
54.8 (18.5)

53.4 (11.1)e

53.1 (12.1)j

59.3 (9.5)

40.3 (12.7)

59.6 (9.6)

302 (11.8)f

163 (24.4)k

0 (0.0)

53 (27.5)

0 (0.0)

232 (8.5)
1202 (44.2)
984 (36.2)
303 (11.1)
1402 (51.5)

46 (6.6)
347 (49.9)
229 (32.9)
74 (10.6)
420 (70.2)l

4 (8.0)
22 (44.0)
17 (34.0)
7 (14.0)
7 (14.0)

0 (0.0)
93 (48.2)
62 (32.1)
38 (19.7)
104 (53.9)

0 (0.0)
10 (62.5)
3 (18.8)
3 (18.8)
2 (12.5)

341 (12.5)

162 (27.1)m

6 (12.0)

81 (42.0)

2 (12.5)

1526 (56.1)

449 (64.5)

34 (68.0)

150 (77.7)

7 (43.8)

19.2 (8.2)
-

21.3 (8.2)
-

11.6 (7.1)
-

21.2 (7.1)
-

16.0 (10.3)
-
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Author

Dataset resource
Novotna
(64)
IJCOPD, 2014

Country

The Czech republic

Thailand

Pothirat
(66)
Int J Chron
Obstruct Pulmon
Dis, 2015
Thailand

Cohort
N
Gender (male), n (%)
Age, years
Current smoker, n (%)
Packyears
BMI, kg/m2
FEV (% pred.)

Czech Multicentre
Research Database
of COPD (CMRD)
514
374 (72.8)
67.3 (8.1)
93 (18.1)
38.0 (25.0-48.0)a
27.2 (5.9)
43.3 (11.2)

97
80 (82.5)
70.7 (8.2)
5 (5.2)
34.0 (19.0-59.5)
20.9 (3.5)
56.4 (21.0)

153
89 (58.2)
71.5 (8.5)
20.2 (3.9)
47.8 (17.6)

1070
734 (68.6)
64.6 (10.4)
338 (31.6)
32.0 (20.0-48.0)d
26.4 (23.4-29.4)e
60.5 (16.0)

FEV /FVC (%)

50.5 (10.7)

50.8 (12.1)

51.9 (10.3)

-

LTOT, n (%)
GOLD stage, n (%)
-I
- II
- III
- IV
Exacerbations previous
12 months ≥2, n (%)
Hospitalizations previous
12 months ≥1, n (%)
mMRC dyspnea grade
≥2, n (%)
CAT total score, points
CCQ total score, points
SGRQ total score, points

78 (15.2)

-

-

143 (13.4)

0 (0.0)
168 (32.7)
278 (54.1)
68 (13.2)
162 (31.5)

14 (14.4)
42 (43.3)
27 (27.8)
14 (14.4)
13 (13.4)

10 (6.5)
58 (37.9)
61 (39.9)
24 (15.7)
-

112 (10.5)
711 (66.4)
203 (19.0)
44 (4.1)
356 (33.4)f

141 (27.4)

-

-

150 (14.0)g

391 (76.1)

39 (40.2)

96 (62.7)

377 (35.2)

16.6 (7.8)
48.0 (18.5)b

12.3 (7.3)
38.3 (20.7)

12.4 (7.3)
42.1 (21.0)c

20.6 (8.5)
-

Journal and year
published

1
1

a
i

Pothirat
(65)
BMC Pulm
Med, 2014

Price
(67)
Int J COPD, 2014
US, France, Spain,
Germany, Italy, UK
Adelphi Respiratory
DSP

57 missing; b 319 missing; c 3 missing; d 62 missing; e 37 missing; f 4 missing; g 1 missing; h 2 missing;
8 missing; j 13 missing; k 113 missing.

Values expressed as mean (SD), median (IQR) or number of patients (%).
Abbreviations: BMI= body mass index; CAT= COPD Assessment Test; CCQ= Clinical COPD
Questionnaire; FEV1= Forced Expiratory Volume in the first second; FVC= Forced Vital Capacity;
GOLD= Global initiative for chronic Obstructive Lung Disease; LTOT= long-term oxygen therapy;
mMRC= modified Medical Research Council dyspnoea scale; SGRQ= St. George’s Respiratory
Questionnaire.
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Dataset resource
Raghavan
Ringbaek
(68)
(69)
COPD, 2012
COPD, 2012
Canada

Da Silva
(18)
Qual Life Res,
2014

Da Silva
(19)
J Bras Pneumol,
2013

Sigari
(70)
Rheumatol Int,
2015

Denmark

Brazil

111
63 (56.8)
64.3 (10.6)
21 (18.9)
19.6 (22.6)h
27.2 (24.3-30.8)
86.7 (15.8)

118
47 (39.8)
68.2 (9.6)
22 (18.6)i
41.7 (22.6)j
24.8 (5.8)
33.7 (9.3)

50
24 (48.0)
66.2 (8.5)
25.9 (5.1)
44.1 (13.8)

78
45 (57.7)
60.5 (8.0)
27 (34.6)
29.1 (34.7)
48.7 (17.4)

65.0 (60.0-67.6)

-

48.7 (10.8)

56.1 (8.9)

0 (0.0)

4 (3.4)

77 (69.4)
32 (28.8)
2 (1.8)
0 (0.0)
-

0 (0.0)
6 (5.1)
70 (59.3)
42 (35.6)
-

-

-

8 (7.2)
8.4 (6.3)
-

Iran

COLD

-

5 (6.4)

0 (0.0)
18 (36.0)
25 (50.0)
7 (14.0)
-

7 (9.0)
28 (35.9)
35 (44.9)
8 (10.3)
31 (39.7)

-

39 (50.0)

118 (100.0)

25 (50.0)

70 (89.7)

18.3 (6.6)
42.8 (7.0)k

20.8 (9.9)
44.9 (20.4)

25.1 (8.7)
-
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Journal and year
published
Country

Dataset resource
Tsiligianni
(71)
BMC Pulm Med,
2012
Greece

Tulek
(72)
Respirology,
2014
Turkey

Cohort
N
Gender (male), n (%)
Age, years
Current smoker, n (%)
Packyears
BMI, kg/m2
FEV (% pred.)

90
82 (91.1)
67.4 (8.7)
70 (77.8)
60.0 (40.0-84.3)
27.8 (5.1)
58.2 (18.8)

119
116 (97.5)
59.5 (9.3)
38.3 (10.2)
27.6 (5.3)
59.2 (20.0)

FEV /FVC (%)

55.7 (10.7)

-

-

LTOT, n (%)
GOLD stage, n (%)
- I
- II
- III
- IV
Exacerbations previous
12 months ≥2, n (%)
Hospitalizations previous
12 months ≥1, n (%)
mMRC dyspnea grade
≥2, n (%)
CAT total score, points
CCQ total score, points
SGRQ total score, points

1 (1.1)

-

117 (7.8)

15 (16.7)
46 (51.1)
21 (23.3)
8 (8.9)
2 (2.2)

17 (14.3)
64 (53.8)
30 (25.2)
8 (6.7)
48 (40.3)

256 (17.2)
936 (62.8)
241 (16.2)
58 (3.9)
465 (31.2)

5 (5.6)

28 (23.5)

196 (13.1)

22 (24.4)

64 (53.8)

758 (50.8)

12.9 (7.5)
1.6 (1.0)
36.8 (18.3)

13.1 (8.1)
-

21.0 (8.8)
-

Author

1
1

Jones
Vestbo
(16)
(17)
Respir Med, Respir Med,
2014
2014
US, France, Germany,
Italy, Spain, UK
Adelphi Respiratory DSP
1491
1019 (68.3)
65.1 (10.2)
487 (32.9)a
30.0 (20.0-45.0)b
26.5 (23.4-29.4)c
62.6 (17.1)

a 12 missing; b 188 missing; c 44 missing; d 1 missing; e 22 missing; f 3 missing; g 1 missing; h 11 missing;
i

1 missing; j 16 missing; k 3 missing; l 3 missing.

Values expressed as mean (SD), median (IQR) or number of patients (%).
Abbreviations: BMI= body mass index; CAT= COPD Assessment Test; CCQ= Clinical COPD
Questionnaire; FEV1= Forced Expiratory Volume in the first second; FVC= Forced Vital Capacity;
GOLD= Global initiative for chronic Obstructive Lung Disease; LTOT= long-term oxygen therapy;
mMRC= modified Medical Research Council dyspnoea scale; SGRQ= St. George’s Respiratory
Questionnaire.
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Dataset resource
Wilke
(3)
J COPD F,
2014
The Netherlands

Xie
(73)
Chin Med J,
2014
Shanghai

Yoshikawa
(74)
Respirology,
2014
Japan

Zogg
(75)
BMC Res Notes,
2014
Switzerland

698
391 (56.0)
64.8 (8.9)
166 (23.8)d
40.0 (28.0-50.0)e
26.1 (5.4)
54.7 (22.3)
42.3 (14.0)

844
659 (78.1)
68.0 (9.1)
623 (73.8)
22.5 (15.0-31.0)h
22.9 (3.0)
48.0 (17.2)
54.7 (10.1)

58
56 (96.6)
72.1 (9.2)
20 (34.5)
60.0 (45.8-80.0)
21.0 (3.5)
50.8 (19.7)
43.5 (12.7)i

68
41 (60.3)
67.2 (10.4)
32 (47.1)
45.8 (32.5)k
25.1 (21.1-28.9)
64.3 (21.9)
50.1 (12.4)

136 (19.5)

202 (23.9)

10 (17.2)

2 (3.1)l

115 (16.5)
259 (37.1)
220 (31.5)
104 (14.9)
330 (47.3)

31 (3.7)
310 (36.7)
366 (43.4)
137 (16.2)
386 (45.7)

5 (8.6)
22 (37.9)
25 (43.1)
6 (10.3)
7 (12.1)

13 (19.1)
38 (55.9)
12 (17.6)
5 (7.4)
8 (11.8)

239 (34.3)

218 (25.8)

5 (8.6)

-

490 (70.3)

534 (63.3)

36 (62.1)

28 (41.2)

20.0 (7.4)
2.3 (1.1)f
54.0 (22.0)g

18.3 (7.9)
-

15.2 (7.7)
42.0 (15.9)j

13.3 (7.0)
-

8
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RESULTS
Overall, 337 reports were identified, of which 63 were eligible (Figure 1). Forty-five
author groups were able and willing to participate. Finally, 41 datasets were
included in the patient level pooled analysis. At the time of inclusion, 3 articles
were published with the dataset of the COPD History Assessment In SpaiN
(CHAIN) cohort (14), 3 articles used the Adelphi Respiratory Disease Specific
Program dataset (one of which is from another subcohort (15) than the other 2
articles (16,17)), 1 author group published 2 articles with the same dataset (18,19),
and 1 dataset did not have recently measured FEV1 (% predicted) (5). In addition,
the COPD and SYstemic consequences-COmorbidities NETwork (COSYCONET)
steering committee approved to share their cohort baseline data (20). Table 1
provides all details per study.
Demographic and clinical characteristics of 18,577 patients with COPD are
presented in Table 2. Most patients had a moderate or severe degree of airflow
limitation. Spirometric grade 2 was the most prevalent (46%). Using the GOLD
2017 cut-points, the majority of patients were classified in the high-symptom B/D
groups: mMRC, 55.3%; CAT, 83.6%; CCQ, 78.8%; and SGRQ 83.0%.
The degree of airflow limitation correlated weakly-to-moderately with the mMRC
dyspnea grade (r=-0.40, P < .001), CAT total score (r=-0.26, P < .001), CCQ total
score (r=-0.37, P < .001), and SGRQ total score (r=-0.36, P < .001; Figure 2).
Moreover, the symptom measures interrelated strongly, with the Pearson productmoment correlation coefficients ranging from 0.540 to 0.799 (all P < .001; Figure 3).
New Cut-Points
Figure 4 shows the newly proposed cut-points. A CAT cut-point of 18 points, a
CCQ cut-point of 1.9 points, and a SGRQ cut-point of 46.0 points reached the
highest sensitivity and specificity vs the mMRC dyspnea grade of 2 or higher as
point of reference.
Frequency Distribution
GOLD A/B/C/D frequencies based on current cut-points and the newly derived cut
points are shown in Figure 5. Compared with the existing CAT cut-point (≥10
points), the new cut-point (≥18 points) re-classified 30.2% of the GOLD B/D
patients into GOLD A/C. Compared with the existing CCQ cut-point (≥1 point), the
new cut-point (≥1.9 points) re-classified 23.9% of the GOLD B/D patients into
GOLD A/C. Compared to the existing SGRQ cut-point (≥25 points), the new cutpoint (≥46 points) re-classified 34.3% of the GOLD B/D patients into GOLD A/C.
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Table 2. General characteristics of total population
Variables
Gender (male), n (%)
Age, years
- 40-50 years, n (%)
- 51-60 years, n (%)
- 61-70 years, n (%)
- 71-80 years, n (%)
- >80 years, n (%)
Current smoker, n (%)
Pack years
BMI, kg/m2
FEV1 (% pred.)
FEV1/FVC (%)
LTOT, n (%)
GOLD spirometric grade, n (%)

1
2
3
4
Exacerbations previous 12 months ≥2, n (%)
Hospitalizations previous 12 months ≥1, n (%)
mMRC grade, n (%) - 0
- 1
- 2
- 3
- 4
mMRC dyspnea grade ≥2, n (%)
CAT total score, points
Percentage subjects with value ≥10, n (%)
CCQ total score, points
Percentage subjects with value ≥1, n (%)
SGRQ total score, points
Percentage subjects with value ≥25, n (%)

n=
18,577 13,370 (72·0)
18,577 66.3 (9.6)
1,122 (6.0)
3,978 (21.4)
6,985 (37.6)
5,380 (29.0)
1,112 (6.0)
16,888 6,626 (35.7)
14,234 38.0 (23.0-52.5)
16,934 26.5 (5.2)
18,577 54.6 (19.5)
13,692 51.8 (12.1)
12,547 1,903 (10.2)
18,577 2,029 (10.9)
8,611 (46.4)
6,026 (32.4)
1,911 (10.3)
16,607 6,443 (38.8)
13,881 2,537 (18.3)
18,577 2,183 (11.8)
6,122 (33.0)
5,474 (29.5)
3,598 (19.4)
1,200 (6.5)
18,577 10,272 (55.3)
18,577 18.4 (8.4)
15,535 (83.6)
2,047 2.1 (1.3)
1,614 (78.8)
6,159 45.4 (20.0)
5,114 (83.0)

8

Values expressed as mean (SD), median (IQR) or number of patients (%).
Abbreviations: BMI= body mass index; CAT= COPD Assessment Test; CCQ= Clinical COPD
Questionnaire; FEV1= Forced Expiratory Volume in the first second; FVC= Forced Vital Capacity;
GOLD= Global initiative for chronic Obstructive Lung Disease; LTOT= long-term oxygen therapy;
mMRC= modified Medical Research Council dyspnoea scale; SGRQ= St. George’s Respiratory
Questionnaire
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Figure 2. Correlation between forced expiratory volume in the first second (FEV1) and symptom measures
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Figure 3. Correlation between symptom measures
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Figure 4. Receiver operating characteristic (ROC) curves showing best pairwise classification
thresholds. CAT= COPD Assessment Test; CCQ= Clinical COPD Questionnaire; SGRQ= St.
George’s Respiratory Questionnaire.
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Figure 5. Frequency distribution proportional rectangles, based on the current GOLD 2017 strategy and newly derived GOLD cut-points combined
with exacerbations. CAT= COPD Assessment Test; CCQ= Clinical COPD Questionnaire; mMRC= modified Medical Research Council dyspnoea
scale; SGRQ= St. George’s Respiratory Questionnaire.
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DISCUSSION
Healthcare professionals should be aware of the fact that the choice of symptom
measure influences classification, and, in turn, also specific treatment
recommendation in patients with COPD. Using mMRC ≥2 points as a reference, a
CAT cut-point of 18 points, CCQ cut-point of 1.9 points, and SGRQ cut-point of
46.0 points reached the highest agreement. Implementation of these newly derived
cut-points will influence the management of individual patients and the design and
interpretation of clinical studies.
Recommendations
As the newly derived cut-points reached the highest sensitivity and specificity with
the mMRC dyspnea grade of 2 or higher, guidelines committees may need to
consider the use of a mMRC dyspnea grade 2 or higher, a CAT total score of 18
points or higher, a CCQ total score of 1.9 points or higher, or a total SGRQ score
of 46.0 points or higher to classify patients with COPD as symptomatic (i.e.,
GOLD B or D; Figure 6). This recommendation is supported by the fact that a
CAT total score ≥10 points already occurs in 50% of current or former smokers
without having any airway obstruction (76). The newly derived cut-points enable
healthcare professionals to classify the largest proportion of patients into the same
GOLD quadrant regardless of their choice of symptom measure.
Clinical Consequences
Future studies are needed to assess the effectiveness of bronchodilators in COPD
patients with and without symptoms, using the newly derived cut-points. For
example, GOLD A patients are advised to use short-acting bronchodilators,
whereas GOLD B patients are advised to use long-acting bronchodilators (1).
Therefore, the new cut-points may reduce the prescription of long-acting
bronchodilators in patients who are currently GOLD B, and will become GOLD
A by applying the new cut-points. Obviously, the question arises what to do with
COPD patients with a mMRC grade below 2 and a CAT score between 10 (current
cut-point) and 18 points (newly derived cut point)? This combination of scores
suggests that these patients suffer from other symptoms than dyspnea, which can
most probably not be treated satisfactorily with the current pulmonary drug
therapy.
The newly proposed cut-points may also affect recruitment criteria for upcoming
trial designs. Indeed, studies that previously applied the current cut-points, will
have an overrepresentation of GOLD B or D patients. Sillen et al (77) showed that
there is a lot of heterogeneity in GOLD group D, when applying the existing cut174
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points. In turn, adjusting cut-points of the symptom measures to the newly derived
cut-points will increase baseline homogeneity of patient populations within
observational COPD studies and intervention trials.
The current analysis confirms that the degree of airflow limitation only moderately
correlates with the symptom measures. So, the degree of symptom burden cannot
accurately be derived from spirometry. Therefore, healthcare professionals need to
regularly assess symptoms in patients with COPD. Indeed, a change in symptom
scores may even have a prognostic value in patients with COPD (78).

Risk

≥2 exacerbations
or ≥1 leading
to hospital
admission

1 exacerbation
(not leading to
hospital
admission)

mMRC
CAT
CCQ
SGRQ

Symptoms

<2
< 18
< 1.9
< 46

8

0 exacerbation
mMRC
CAT
CCQ
SGRQ

≥2
≥ 18
≥ 1.9
≥ 46

Figure 3. Suggested GOLD ABCD diagram, using the new cut-points to assess symptoms. CAT=
COPD Assessment Test; CCQ= Clinical COPD Questionnaire; GOLD= Global initiative for
chronic Obstructive Lung Disease; mMRC= modified Medical Research Council dyspnoea scale;
SGRQ= St. George’s Respiratory Questionnaire.
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Strengths and Limitations
The pooled, multicenter, multinational, patient level dataset with a large number of
patients and global coverage is a major strength. Indeed, this resulted in a
heterogeneous sample of patients with COPD, also including a high number of
patients with a low mMRC dyspnea grade (grade 0: 2183 patients; grade 1: 6122
patients), patients with a mild degree of airflow limitation (spirometric grade 1:
2029 patients), and 1,122 patients younger than 50 years of age. Moreover, patients
were recruited from various care settings (i.e., primary care, general population,
hospital outpatients). This makes the results more generalizable.
A limitation of the current study is that the largest proportion of patients was male
(72.0%). Although this seems to over-represent the male sex, it is probably a
reliable representation of the current COPD population in the participating
cohorts (79). Less data were available for the CCQ total score (2047 patients) and
SGRQ total score (6159 patients). Furthermore, the definition of COPD, current,
former or never smoker and the definition of exacerbations and hospitalizations
could differ between studies. Finally, the mMRC dyspnea grade solely captures
symptoms of dyspnea, which may, together with spirometry and history of
exacerbations/hospitalizations, be a suitable guidance for treatment
recommendations. Nevertheless, mMRC dyspnea scale may be too limited to truly
understand the impact of COPD. Indeed, symptoms like fatigue, pain and
insomnia, may also occur in patients with COPD (80). Therefore, CAT, CCQ, or
SGRQ may be preferred to more broadly characterize the daily symptoms of
patients with COPD. Obviously, when CAT, CCQ, and SGRQ are applied for the
binary classification of high vs low symptoms, there will still be discrepancy
between these symptom measures. So, the GOLD Scientific Committee may want
to consider the choice of 1 symptom measure or applying the worst scoring
questionnaire to classify patients into groups A/C or B/D.
CONCLUSIONS
To objectively define a symptom burden score equivalent to a mMRC dyspnea
grade of 2 or higher, a CAT total score of ≥18 points, a CCQ total score of ≥1.9
points, or a SGRQ total score of ≥46 points should be used. Following this
grading, about one-third of the patients in GOLD groups B/D are re-classified to
GOLD groups A/C. This implies that guidelines committees may consider
adapting our evidence-based cut-points of symptom measures.
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COPD MANAGEMENT IN THE INTERNATIONAL CONTEXT
In 2011, the Global initiative for chronic Obstructive Pulmonary Disease (GOLD)
introduced a new classification for COPD that moved beyond the degree of
airflow limitation that defines this chronic lung disease. GOLD stated that
effective COPD management should be based on individualized assessment of
various aspects of the disease in order to reduce both current symptoms and future
risk (1). Recently, the GOLD strategy was refined. Accordingly, assessment should
first focus on spirometry to establish the presence of chronic airflow limitation
(applying the fixed cut-point FEV1/ FVC <0.70) and its severity (based on FEV1)
(1). Following, symptoms should be measured by recording mMRC, CAT or
alternative questionnaires and the number of exacerbations and hospitalizations in
the previous year should be recorded as a marker of future risk. Subsequently, by
combining lung function, symptoms and risk assessment, patients with COPD are
categorized in any of the four GOLD stages for airflow limitation (1, 2, 3 and 4)
and quadrants (A, B, C or D). However, it is well-recognized that the choice of
symptom measure and cut-points for abnormality impact the classification into
GOLD quadrants (2, 3). This is, to a lesser extent, also seen in the choice of the
risk assessment (4). Therefore, the current thesis aimed to study how healthcare
professionals should assess symptom burden in COPD to optimize disease
management strategies.
In addition to this comprehensive assessment and classification, GOLD suggests
that more tests (e.g. high-resolution CT-imaging, exercise tests, pulse oximetry or
arterial blood gas measurement) may need to be performed to assess the burden
and complexity of disease and guide personalised treatments. Subsequent COPD
treatment can be provided in various ways: pharmacologic treatment, nonpharmacologic treatment or other. Pharmacological treatment includes all
treatment with respiratory medications, which should be patient-specific, guided by
severity of lung function impairment, symptoms, risk of exacerbations, drug
availability, and the patient’s response (1). Non-pharmacologic treatment implies
education, a smoking cessation program, self-management, physical activity
stimulation, nutritional support, influenza vaccination, oxygen therapy, ventilator
support and/or pulmonary rehabilitation. Pulmonary rehabilitation aims to
optimize the physical and psychological functioning of patients with COPD by
focussing on the severity of dyspnea, health status and functional performance,
motivation, smoking status, education and nutritional support. As COPD is mainly
studied in selected patient populations, this thesis aimed to investigate its
characteristics in a broader population based sample, comparing physical status,
mental status, and social status to non-COPD subjects. Subjects with other
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comorbidities (expressing comparable symptoms as COPD) and/or without a
significant smoking history (>15 pack years) were not excluded, like in most
studies (5). The results of this thesis (chapter 4) indicate that subjects with COPD
have a reduced physical performance, a more impaired disease specific health
status and are socially deprived compared to non-COPD subjects. These
impairments need to be taken into consideration when setting up a COPD
management program.
CARE FOR COPD IN THE NETHERLANDS
In the Netherlands, patients with COPD can be treated in primary, secondary or
tertiary care. National directions are described in the ‘COPD zorgstandaard’ (6)
and specified for primary care physicians in the ‘NHG standaard COPD’ (7).
These standards recommend assessment of burden of disease in individual
patients, consisting of a combination of spirometry, symptoms, exacerbations/
hospitalizations and body weight. Ideally outlined by the guidelines, patients with
mild disease should be managed in primary care, while those with moderate or
severe disease should be treated in secondary or tertiary care. According to the
‘COPD zorgstandaard’ referral to secondary care is advised when diagnostic
problems are present (e.g. age ≤ 50 years, FEV1 pred <50% / < 1,5 liter or
unintentional weight loss), when patients are not reaching treatment goals (e.g.
rapidly progressive course or need for oxygen treatment) or when a patient wishes
to have a more detailed analysis of their symptoms. In case of complex somatic
and/or adaptation problems patients can be referred to an intense integral analysis
by a specialized multidisciplinary team (rehabilitation). This concerns patients with
a severe disease burden, according to the ‘COPD zorgstandaard’. Though, as
described before, it has to be taken into account that the choice of the symptom
measure can influence the categorization of disease burden due to inconsistent
cut-points. Remarkable is that the ‘NHG standard COPD’ guidelines mainly focus
on primary and secondary health care. For example, they state that when the
reason(s) for referral and/or diagnostics to secondary care have been addressed
and/or when the chest physician is not able to contribute to reducing the disease
burden patients should be referred back to their GP (7). Though, the current thesis
shows that a proportion of secondary care patients with low burden of disease
would allow for de-intensification of care. Based on the results (chapter 5), the
absence of recent exacerbations and a low burden of disease could be included to
the reasons for referral back to primary care.
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The ‘COPD zorgstandaard’ also recommends the use of the Assessment of
Burden of COPD (ABC) tool, which aims to measure integrated health status with
support of a computer program (8). It combines a patient-reported ABC scale with
smoking status, exacerbations, dyspnea, body mass index, lung function and selfreported physical activity. The ABC scale measures the burden of COPD (based
on the Clinical COPD Questionnaire (9)), consisting of the domains: mental state,
functional state, symptoms, emotions and fatigue (10). Results are visualised, using
coloured balloons to indicate patient-contentment per domain and treatment
advice is provided. Though, Wilke and colleagues show that evidence and
consistency are lacking in the development, validation and effectiveness of the
ABC tool. For example, the rationale and aim of the ABC tool remain unclear,
comorbidities are not accounted for and it is unknown how normative values are
determined. Therefore, the ABC tool might only be an useful communication tool
to involve patients in their disease management (11).
Dutch assessment guidelines are different from the international GOLD strategy.
Dutch Standards recommend the application of the Global Lungs Initiative (GLI)
reference values, suggesting that a post-bronchodilator FEV1/FVC ratio below the
5th percentile (from reference values) is a better indicator than the fixed
FEV1/FVC ratio below 0.7 (as recommended by GOLD) to determine the
presence of a chronic airflow limitation. This may lead to differences between
countries (12). Following, due to the complex clinical application of the GOLD
diagram, low support of validity and discrepancies between symptom measures,
Dutch standards do not recommend use of the ABCD groups, but focus on three
levels of burden of disease (mild/moderate/severe). Also, assessment of symptoms
is different. While GOLD emphasizes the use of mMRC and CAT as symptoms
measures, the Dutch standards recommend the use of MRC and CCQ. The
implications of these discrepancies for disease management and outcomes are
unknown. Treatment recommended by the Dutch guidelines correspond to the
international guidelines (7).
In the current thesis (chapter 5) characteristics and treatment in primary, secondary
and tertiary care were examined. A substantial burden of disease is present in
primary care. Secondary care patients are often highly symptomatic and many of
them have frequent exacerbations. Tertiary care patients had the highest burden of
disease in comparison with patients in primary and secondary care, mainly due to
symptoms of dyspnea and a reduced mood and health status. This suggests that
pulmonary rehabilitation is considered a treatment option for the most disabled
patients. Moreover, a large proportion of secondary care patients remain highly
symptomatic despite pharmaceutical and non-pharmaceutical treatment, while
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another proportion of secondary care patients with low burden of disease would
allow for de-intensification of care. Also, despite a lower disease burden in primary
care patients, non-pharmaceutical treatment and allied healthcare may need
intensification.
LESSONS FOR COPD ASSESSMENT, BASED ON OTHER CHRONIC
DISEASES
Besides guidelines for management of COPD, other guidelines for diagnostics and
treatment of other chronic diseases are widely available. To get a complete
understanding of the most optimal approach to assess and treat chronic diseases, a
few concepts of these guidelines are described below. The American College of
Cardiology/ American Heart Association (ACC/AHA) guidelines divides patient
with heart failure in different stages (A to D), based on disease severity. Stage A
and B include patients at risk, while stage C and D represent patients with a
diagnosis of heart failure. Directives how to perform a complete assessment of
these patients is described in the guidelines. Remarkable, however, it states that no
diagnostic test is exclusive to determine heart failure. It is largely a clinical
diagnosis, based on a careful history and physical examination (13). The National
Kidney Foundation Practice Guidelines for Chronic Kidney Disease also divides
patients into different grades (A to C) and stages (1 to 5), based on fixed cut-points
to determine severity. A diagnosis of Chronic Kidney Disease is based on
laboratory tests. The level of kidney function is associated with complications of
chronic kidney disease. Additionally, a comprehensive description is given about
risk factors for loss of kidney function (e.g. by examinations of the medical history)
(14). The American College of Rheumatology (ACR) provides guidelines for
assessment and treatment of Rheumatoid Arthritis, recommending a treat-to-target
approach. This is a therapeutic concept considering well defined and specific
physiologic targets as aims in controlling the pathophysiology of the disease. So,
the diagnosis is based on meeting multiple established criteria. While symptoms are
subjective experiences by the patients, criteria are mainly specified by fixed
measurable numbers (e.g. defining duration of symptoms). Though, within this
guideline, it is emphasized that treatment decisions should be made by the
physicians and patient together, through a shared decision-making process (15).
Guidelines for other chronic diseases indicate that distributing patients into
different stages or grades is of added value (13, 14). Mostly patients are divided
based on fixed cut-points, e.g. lab results or amount of symptoms in a specific
period of time. However, these guidelines also state that the view of the clinician
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comes first. Subsequently, a lot of attention is payed to possible comorbidities
and/or the differential diagnosis. While a fixed cut-point for diagnosis of COPD is
simple and independent of reference values, leading to consistency and diagnostic
simplicity according to the GOLD strategy (1), an accurate diagnosis of COPD
should have priority. The following recommendations are made for COPD
assessment:
At first, a complete assessment should be performed of every COPD patient
during their first consultation. Based on the current thesis (chapter 4 and 5), during
assessment it is necessary to measure daily symptoms, functional status, mood
status, health status, exacerbation and hospitalization history and possible
comorbidities. Hereby, the opinion of the clinician and patient are central. Thus,
the needs of the patient are determined derived from those outcomes, apart from
echeloning, not based on a diagnosis. Moreover, previous studies stated that a
shared treatment decision-making process, in which the patient actively
participates, results in a better commitment and adherence to the selected regimen
than to a regimen selected by the physician alone (16, 17). Consecutive, the patient
should be distributed into one of the four GOLD stages and quadrants to get
insight about the severity of the disease, including symptom- and risk assessment.
However, fixed cut-points of assessment instruments should be validated in a large
sample and matched to each other. Following, the patient should be referred to the
most suitable type of healthcare, in which the specific treatment program will be
determined though shared-decision making, based on outcomes of the assessment
and needs of the patient.
DICHOTOMOUS CLASSIFICATION
The discussion about the application of fixed cut-points leads us to the
consideration whether this is the most appropriate way to categorize patients with
COPD. An advantage of fixed cut point is that these are easy to implement into
clinical practice, as it does not include a complex calculation or requires reference
values (1). Additionally, it has been used in numerous clinical trials. Most
international treatment recommendations are derived from these studies (1, 18,
19). Though, when applying these fixed cut-points for example with regard to
spirometry, individuals over 50 years have a higher possibility of being overdiagnosed with COPD and individuals under 50 years of being underdiagnosed. Previous studies also emphasize the necessity of the application of
GLI reference values to distinct pathophysiology from normal ageing (20, 21).
This not only leads to incorrect prevalence rates, but also causes the danger of
some patients (diagnosed with COPD based on fixed cut-points, not according
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to reference values) receiving treatment while no abnormalities are present. On
the other hand, people who are not diagnosed with COPD according to the
fixed cut-point, while reference values would indicate differently, no treatment
will be provided, despite possible respiratory symptoms or an impaired health
status.
Equivalent consequences are shown if we focus on the fixed cut-points for
symptom measures to classify patients into GOLD groups A to D. The choice of
symptom measure and corresponding cut-point impacts the classification of
patients with COPD in GOLD A/C or B/D groups (2, 22, 23). When applying the
CAT ≥10 cut-point, the CCQ ≥1 cut-point and/or the SGRQ ≥25 cut-point a
higher proportion of patients is classified in GOLD B or D compared to the
mMRC ≥2 dyspnea grade. GOLD A patients are advised to use monotherapy with
a bronchodilator, while GOLD B patients preferentially treated with one or more
long-acting bronchodilators (1)] (24). So, general practitioners and chest physicians
should be aware of the fact that the choice of symptom measure or applying
different cut-points influences classification, and thus will influence the
prescription of long-acting or short-acting bronchodilators and the choice of
alternative medication in case recommended first medication does not work (24).
Cut-points proposed by the current thesis will be described below.
SUGGESTED CUT-POINTS
Previous studies were not conclusive regarding the optimal instrument to measure
symptoms and the applied cut-point to classify patients with COPD in high or low
symptom groups. Some suggested the CAT ≥10 cut-point as suggested by GOLD
as point of reference (25, 26), while others suggest the mMRC ≥2 cut-point as
point of reference (22, 27). A discrepancy between the mMRC and CAT scores in
the same patients with COPD is not surprisingly, as the mMRC involves a
question regarding the patient’s degree of dyspnea and the CAT involves eight
questions regarding various components of quality of life (26).
Originally, the CAT ≥10 cut-point was meant to give an indication and was easy to
remember in order to distinguish individuals with significant symptom burden
from those with much less symptoms (28). Though, the mMRC has a strong and
independent predictor of all-cause mortality (22, 25). Given that these threshold
values impact patient classification (hence treatment recommendation), a validation
in real patients was performed in the current thesis (chapter 8). Based on the
easiness to implement and frequent use of the mMRC, the highest agreement of
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the mMRC ≥2 cut-point with other symptom measures was determined in a
sample of 18,577 patients with COPD. A mMRC dyspnea grade of two or higher,
a CAT total score of 18 points or higher, a CCQ total score of 1.9 points or higher,
or a SGRQ total score of 46 points or higher should be used to define a high
symptom burden, see Figure 1.

Risk

≥2
or ≥1 leading
to
hospital
admission

1
(not leading
to hospital
admission)
0
mMRC < 2
CAT < 18
CCQ < 1.9
SGRQ < 46

Symptoms

mMRC ≥ 2
CAT ≥ 18
CCQ ≥ 1.9
SGRQ ≥ 46

Figure 1. Suggested GOLD ABCD diagram, using the new cut-points

This recommendation is supported by the fact that a CAT total score of 10 points
or higher already occurs in 50% of current or former smokers without having any
airflow limitation (17) and approximately 20% of the non-COPD subjects had an
impaired health status according to the current cut-points suggested by GOLD
(CAT ≥10 points) (18). Moreover, the 95th percentile of CAT total score in a nonCOPD population was determined at 18 points, as described in the current thesis
(chapter 3). Recent research also indicated that the mMRC has approximately 92%
agreement with current GOLD recommendations in primary, secondary and
tertiary care, leading to good implementation of pharmacological care for COPD
treatment in clinical practice (29). Guidelines Committees might consider adapting
the recommended cut-points of the symptom measures.
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PRACTICAL IMPLICATION AND CONSEQUENCES OF NEW CUT-POINTS
The cut-points of the CAT ≥10 points, CCQ ≥1 point and SGRQ ≥25 points give
an underrepresentation of patients classified in groups A and C, compared with
mMRC cut-point of ≥2 points. Indeed, the current study shows that the choice of
symptom measure and cut-point impacts GOLD groups, see figure 2.

CAT ≥18 points 30.2%
CCQ ≥1.9 points 23.9%
SGRQ ≥46 points 34.3%
Figure 2. Changes in frequency distribution compared to the GOLD cut-points (CAT ≥10 points,
CCQ ≥1 point, SGRQ ≥25 points) found in the current thesis

Moreover, GOLD A/C patients classified by the mMRC have a worse health
status in comparison with GOLD A/C patients classified by the CAT or CCQ.
Other studies support these results (2). In addition, the current thesis shows that
CAT GOLD B patients reported a worse health status compared to the other
GOLD B group classified by the mMRC, CCQ or SGRQ (chapter 7). Moreover,
higher symptoms of anxiety and depression were observed in mMRC GOLD A
patients compared to the GOLD A patients based in the other symptom measures.
Recent studies show that patients classified as GOLD C/D had a reduced physical
activity level compared with patients classified as GOLD A/B, and physical
activity was notably lower in patients with a mMRC score ≥2 (30). Another study
compared the current healthcare with the GOLD staging system (subdivided
between the mMRC and CAT questionnaire), resulting in relatively equal
distributions by ABCD grade when applying the GOLD mMRC system. Though,
the GOLD CAT system put most patients into either B or D groups (31). In
general, the impact of the choice of symptom measure is most pronounced in the
low risk groups GOLD A/B.
The present thesis recommends application of the newly determined cut-points
(mMRC, 2 points; CAT, 18 points; CCQ, 1.9 points; and SGRQ, 46 points).
Compared to the current GOLD suggested cut-points, healthcare professionals are
able to classify the majority of patients into the same GOLD quadrant and provide
a more consistent application of medication and treatment. While Vestbo and
colleagues show that COPD is a very heterogeneous disease (32), implementation
of new cut-points will lead to more homogeneous patient populations in future
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studies. It will influence the management of individual patients and the design and
interpretation of clinical studies. Existing inconsistencies in COPD patient
classifications should be taken into consideration. Indeed, there will be an
overrepresentation of GOLD B or D patients in studies that previously applied the
GOLD 2014 cut-points for the CAT, CCQ and/or SGRQ.
When applying the new cut-points, a large proportion of COPD patients classified
as highly symptomatic will be re-classified in low symptom groups, resulting in less
treatment. Katajisto and colleagues imply that physical inactivity is independently
associated with more use of short-acting symptom-relieving medications (33),
which could indicate that maybe even less medication is needed in physical active
COPD patients. Accordingly, the prescription of long-acting bronchodilators will
be reduced in patients who are re-classified in low symptom groups. In contrast,
recent research implied that a large proportion in CAT group B were undertreated,
indicating that a large proportion of patients within the high-symptom groups, did
not received long-acting bronchodilators. However, this study also shows that
more than half of the patients received prescribed medications inconsistent with
the first or second choice pharmacologic therapy listed in the GOLD strategy, e.g.
the largest proportion of patients received a combination of medications that did
not correspond to any of the GOLD recommendations (34). Other studies
confirm the discrepancy between prescribed medication and medication
recommended by the GOLD strategy (35-37). Moreover, Ninane and colleagues
show that European experts recommend the use of long-acting bronchodilators,
instead of short-acting bronchodilators, as first-choice treatment (38). So, it is
questionable whether an increase in short-acting bronchodilators due to the reclassification into low symptom groups is desirable. Nevertheless, it this expected
that the new cut-points will enable more uniform pharmacologic treatment,
independently of the choice of symptom measure, leading to an improved value
for healthcare systems.
SUBSTANTIATION AND IMPORTANCE
Former studies observed that patients and health professionals seldom interact,
except during episodes of acute illness, also indicated as reactive “rescue care” (39).
The current thesis (chapter 5) also found that current healthcare is often acute and
reactive. Though, a proactive, planned and population-based approach (including
smoking cessation, vaccinations, physical activity, and maintenance
pharmacotherapy to reduce future exacerbations) has proven to more effectively
reduce the physical, care-utilization, and financial burden of COPD (24, 40, 41).
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This is supported by the Chronic Care Model (42). When comparing proactive care
with usual care, proactive care more clearly improves health status (SGRQ: -10.3
units versus -0.6 units). In addition, many exacerbations remained uncovered in
usual care (41). As proactive care results in less emergency or unscheduled visits,
lower rates of hospitalizations and a shorter length of hospital utilization (43), it is
expected that this approach will lower the costs of COPD care. However, we were
not able to determine the cost-effectiveness of this approach. Nevertheless, we aim
for an integrated healthcare system for patients with COPD, indicating that
clinicians from primary, secondary and tertiary care should work together and there
is consistency and transparency in outcomes of interventions. Consistency can be
reached by matching the cut-points for various symptom measures in COPD. To
reach the highest consistency in categorization of COPD patients, application of the
worst scoring questionnaire om the x-axis may be considered. Confidence and trust
are critical to the effectiveness of health care, in which transparency (awareness of
outcomes and interpretation by both the clinician as patient) and validation are
needed (44, 45). The CAT is developed to improve the communication between
the patient and clinician, and therefore improve transparency (46).
EVALUATION OF CARE
Besides the application of proactive care, also evaluation of care is needed.
Evaluation of healthcare interventions and programs is an important component
of decision making on the funding of new health technologies and wider
dissemination of proven health interventions (47, 48). It is necessary to determine
the treatment efficacy, defined as “a valid ascertainment of the effects of a given
intervention as compared with an alternative intervention or with no treatment, in
a controlled clinical context” (49). To determine if an intervention has sufficient
responsiveness, beneficial effects of treatment should be demonstrated
scientifically. Otherwise, e.g. an intervention might erroneously be judged effective,
if it was coincidentally applied, while symptoms already may have resolved
themselves without formal treatment. Criteria for appropriate evaluation of
treatment efficacy are for example (49):
1. Based on broad and careful consideration of relevant empirical literature.
2. Take the level of methodological rigor and clinical sophistication, of the
research supporting the intervention, into consideration.
3. Contemplate treatment conditions to which an intervention was compared.

4. Available evidence of patient–treatment matching should be considered.
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While the SGRQ, CAT, CCQ and HADS are responsive to pulmonary rehabilitation
in patients with moderate to very severe COPD, not all changes in health status are
clinically relevant. In 1989, the MCID was first introduced into the medical literature
(50). Knowledge of MCIDs give a better interpretation of the magnitude of
treatment effect and make a distinction between beneficial and harmful outcomes
(51). MCIDs are also used to perform a sample size calculation and assist in
interpreting statistical significant results (52, 53). In addition, the likelihood of
hospital-free survival can be estimated by clinically relevant changes in health status
(54). Recognition of the usefulness of the MCID is reflected in the increasing
number of articles reporting MCIDs (50). However, there is a lot of discussion about
which method to apply (anchor- or distribution-based approach) to estimate a
MCID. Most studies prefer a distribution-based method, as this is sample specific
(derived from sample size and distribution), in contrast to anchor-based methods
which are derived from the patients’ perspective (55, 56). The MCID in previous
research is established at 4 points for the SGRQ (57), at 0.4 points for the CCQ (5861), at 1.5 points for the hospital anxiety and depression scale (HADS) and between
1.6 points and 2.0 points for the CAT (62-64). Though, no previous literature has
been published about the most suitable way to determine a MCID. As the MCID
can vary due to type of intervention, baseline characteristics, statistical methods
and/or population characteristics, validation of these MCIDs were needed.
Therefore, mean MCIDs recommended by the current thesis (chapter 6) were
calculated with as well anchor-based as distribution-based methods, resulting in a
CAT ranging from -3.5 to -1.7 points, CCQ ranging from -0.5 to -0.2 points,
HADS-A ranging from -2.0 to -1.1 points, and HADS-D ranging from -1.8 to -1.5
points). Following a range based on an equal weight for anchor-based and
distribution-based MCIDs (1:1), and after increasing the weight for anchor-based
MCIDs (i.e, 2:1; and 3:2) were calculated. Based on MCIDs estimated by previous
research combined with our own estimated MCIDs, new MCIDs are suggested. A
change of -0.4 points in CCQ and a change of -1.5 points in HADS were confirmed
as a minimally clinically relevant difference. As the current thesis implies that CAT
may be more sensitive for external influences than CCQ and HADS, it is not reliable
to determine one single value as CAT MCID estimate. We propose that the
estimated CAT MCID ranges between -3.0 to -2.0 points. As this is the first and only
study taking both anchor-based and distribution-based methods into account,
combined with previous research, it can be assumed that these MCIDs are reliable.
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FUTURE RESEARCH
While we were able to validate cut-points of the GOLD symptom measures in a
large population, solely an estimated MCID range could be determined for the
CAT. The current thesis indicates that the CAT may be more sensitive for external
influences, and therefore it is not reliable to determine one single value as CAT
MCID estimate. However, this goes beyond solely the CAT. Previous research also
shows inconsistent results for MCIDs in other health measures (65-67). Therefore,
future research should determine what is the most appropriate way to determine a
MCID and which determinants should be taken into consideration to make a
distinction between clinically relevant results and statistically significant results.
While determining normative values, solely FEV1/FVC ratio was measured to
determine COPD in patients and to exclude COPD in the control group. This
means that the prevalence of emphysema is not accounted for in the control
group, which could have influenced the calculation of normative values. To get a
more reliable cut-point calculation, future research should also take diffusion
capacity into account, e.g. with a diffusing capacity of the lung for carbon
monoxide (DLCO) test. As the current thesis is the first to show the differences in
COPD characteristics between the various health care settings, outcomes should
be confirmed by performing comparable research in other populations. Now, only
presumptions can be made concerning the consequences of healthcare costs, based
on former research investigating comparable suggested proactive care. Future
research needs to be performed to determine the cost effectiveness of the
suggested healthcare management.
CONCLUSION
In conclusion, this thesis showed that patients with COPD suffer from an
impaired health status and that a substantial burden of disease is present in all
healthcare settings. While comprehensive health status assessment is challenging, it
is important to look at the systemic effects and the impact of the disease to make
sure suitable treatment can be provided. This thesis demonstrated that health
status assessment and treatment for patient with COPD in its current form is not
conducted to provide optimal individualized care. Focus on detailed characterization
of individuals with COPD, in which suggested cut-points could give a more uniform
classification into the GOLD quadrants, is recommended. Following, a more tailored
proactive treatment should be provided, in which healthcare interventions and
programs should be properly evaluated with reliable MCIDs.
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Chronic obstructive pulmonary disease (COPD) is defined by the Global initiative
for chronic Obstructive Pulmonary Disease (GOLD) strategy as “a common
preventable and treatable disease, characterized by persistent airflow limitation that
is usually progressive and associated with an enhanced chronic inflammatory
response in the airways and the lungs to noxious particles or gases”. COPD has an
increasing burden on society, and is a major cause of morbidity and mortality. To
be able to provide proper treatment, it is necessary to correctly diagnose and
categorize patients. However, it appears that the choice of the disease-specific
symptom measure impacts GOLD groups, and cut-points of various
questionnaires do not match in outcome. Therefore, the current thesis looked at
disease burden in multiple populations and examined how to distinguish a low
health status from a high health status.
To be able to suggest new cut-points for a uniform classification of high disease
burden in patients with COPD, discrepancies and disadvantages of the current
questionnaires suggested by GOLD (Saint George’s Respiratory Questionnaire,
SGRQ; Clinical COPD Questionnaire, CCQ; and COPD Assessment Test, CAT)
were inventoried and described in Chapter 1. Moreover, the classification of a
patient directly determines which treatment will be provided, resulting in the
overall aim to be able to perform an adequate health status assessment in patients
with COPD.
To study these aspects of health assessment the ‘COPD Health status and
Comorbidities’ (Chance) study was designed. Chapter 2 shows that the Chance
study is a monocentre study. It consists of an observational cross-sectional part
and a longitudinal part, aiming for the assessment of demographic and clinical
characteristics in primary care (100 patients), secondary care (100 patients) and
tertiary care (500) patients with COPD, and in subjects without COPD (150
patients). The longitudinal part consisted of a comprehensive pulmonary
rehabilitation programme performed at the highly-specialized pulmonary
rehabilitation centre CIRO.
To determine a high disease burden, it is firstly important to know what should be
interpreted as a normal disease burden. Therefore, non-COPD patient received the
same questionnaires as COPD patients, whereby the 95th percentile in this
population was examined. Chapter 3 investigated whether an impaired health status
would be better represented by the recommended GOLD CAT cut-point of 10
points, or the 95th percentile of CAT score in a non-COPD population. Non-COPD
had a mean CAT score of 6.7±5.2 points and COPD subjects of 9.5±5.9 points. The
95th percentile was found at >18 points, and is suggested to be used as new CAT cut-
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point to indicate an impaired health status in patients with COPD. This chapter
shows that one in five non-COPD subjects has an abnormal CAT score according to
current international standards. When applying the 95th percentile this number is
significantly lower.
With the knowledge of health status characteristics in subjects with and without
COPD, we also believed it was important to investigate coherent features. Chapter
4 described the physical status, mental status, and social status of patients with
COPD and non-COPD subjects. As COPD is mainly studied in selected patient
populations, for example a significant smoking history or various comorbidities are
often excluded, coherent features were examined in a Dutch population-based
sample. Subjects with mild-to-moderate COPD showed a reduced physical
performance, a more impaired disease specific health status and are socially
deprived compared to non-COPD subjects. So, healthcare professionals should be
aware of the fact that subjects with mild COPD in the general population may
experience specific impairments. Therefore, it is suggested to detect COPD in the
general population by performing spirometry and measuring functional status and
health status in subjects with an increased risk.
As care for patients with COPD can be provided in various healthcare settings, we
examined differences in disease burden (daily symptoms, functional mobility,
mood status and health status) and healthcare utilization between primary,
secondary and tertiary care. Chapter 5 shows that the burden of disease gradually
increases from COPD patients treated in primary and secondary care to those
treated in tertiary care. Furthermore, we explored possibilities for healthcareoptimization. Additional interventions in secondary care patients who remain
symptomatic despite pharmacologic and non-pharmacologic treatment are needed,
while another proportion of low symptomatic secondary care patients would allow
for de-intensification of care. This study emphasizes the need for detailed
characterization of individuals with COPD and for a more tailored treatment,
independent of the healthcare setting.
One of the aims in treatment for patients with COPD is to improve health status.
However, not all changes are clinically relevant. Therefore, we looked at the minimum
clinically important differences (MCIDs) for health status questionnaires between
multiple studies applying various methods. In chapter 6 the responsiveness of health
status questionnaires to pulmonary rehabilitation was assessed, confirming that
SGRQ, CAT, CCQ, and HADS are responsive to pulmonary rehabilitation in
patients with mild to very severe COPD. The MCID for CAT in previous studies
ranged between -3.5 and -1.7 points (mean MCID: -2.9 points), for CCQ between
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-0.5 and -0.2 points (mean MCID: -0.4 points), for HADS-A between -2.0 and -1.1
points (mean MCID: -1.6 points), and for HADS-D between -1.8 and -1.5 points
(mean MCID: -1.6 points). We propose that the estimated CAT MCID ranges
between -3.0 and -2.0 points. Moreover, we propose an MCID range of -0.5 to -0.3
points for CCQ, -1.8 to -1.3 points for HADS-A, and -1.7 to -1.5 points for
HADS-D.
At the time of executing the current thesis, the impact of the GOLD symptom
measures and the different definitions of future risk was unknown. Therefore,
chapter 7 describes the impact of the mMRC, CAT, CCQ, and SGRQ assessment
tools and the 2 measures for exacerbation risk (exacerbation and hospitalization
history) on the frequency distribution and clinical characteristics of the GOLD
groups A to D. It shows that the choice of symptom measure influences the
frequency distribution of the new GOLD groups more than the measures for
exacerbation risk. Moreover, health status and psychological symptoms vary
between different outcome measures used to identify high and low symptom
patients, in particular in GOLD groups A and B. Thus, the symptom measures
impact the GOLD distribution as well as the clinical characteristics of the GOLD
groups. Health care professionals should be aware that patients differ in terms of
health status and symptoms of anxiety and depression based on the symptom
measure used.
Instead of accepting differences and possible misclassification between different
threshold values for symptom questionnaires, we validated the current cut-points
for GOLD symptom measures in chapter 8. New cut-points were assessed by
using the mMRC dyspnoea grade as a point of reference. The highest agreement
between mMRC ≥2 points was found when applying a CAT cut-point of 18
points, CCQ cut-point of 1.9 points, and SGRQ cut-point of 46.0 points.
Implementation of these newly derived cut-points make it possible to more
objectively assess symptom burden of patient with COPD. As about one-third of
the patients in GOLD groups B/D will be re-classified to GOLD groups A/C
when applying the new cut-points, it will also influence the management of
individual patients and the design and interpretation of clinical studies.
Altogether, chapter 9 provides a general discussion of the findings and limitations
of the current thesis. In general, the thesis showed that patients with COPD suffer
from an impaired health status and that a substantial burden of disease is present in
all healthcare settings. Furthermore, it described that health status assessment and
treatment for patient with COPD in its current form, is not conducted to provide
optimal individualized care. This chapter also summarizes the necessities for
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adequate classification of patients with COPD to make sure suitable treatment can
be provided, like assessing the systemic effects and the impact of the disease.
Focus on detailed characterization of individuals with COPD, in which suggested
cut-points could give a more uniform classification into the GOLD quadrants, is
proposed. Also, recommendations for future research are suggested. For example,
to properly evaluate healthcare interventions and programs, with reliable MCIDs.
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Chronische obstructieve longziekte (COPD) wordt gedefinieerd door de Global
Initiative for Chronic Obstructive Pulmonary Disease (GOLD) strategie als "een
veelvoorkomende en behandelbare ziekte, die wordt gekenmerkt door een
blijvende luchtstroombeperking die meestal progressief is en geassocieerd wordt
met een verhoogde chronische inflammatische respons in de luchtwegen en de
longen tegen schadelijke deeltjes of gassen". COPD heeft een toenemende
ziektelast in de samenleving en is een belangrijke oorzaak van morbiditeit en
sterfte. Om de juiste behandeling te kunnen bieden is het noodzakelijk om
patiënten correct te diagnosticeren en te categoriseren. Echter, het blijkt dat de
keuze van de ziekte-specifieke vragenlijst GOLD-groepen beïnvloedt, en dat de
afkappunten van verschillende vragenlijsten niet overeenkomen in uitkomst.
Daarom heeft het huidige proefschrift gekeken naar ziektelast in meerdere
populaties en onderzocht hoe een lage ziektelast kan worden onderscheiden van
een hoge ziektelast.
Om nieuwe afkappunten voor een uniforme classificatie van een hoge ziektelast bij
patiënten met COPD te kunnen adviseren, zijn de verschillen en nadelen van de
huidige vragenlijsten die door GOLD zijn voorgesteld (Saint George’s Respiratory
Questionnaire, SGRQ, Clinical COPD Questionnaire, CCQ en COPD Assessment
Test, CAT) geïnventariseerd en beschreven in hoofdstuk 1. Bovendien bepaalt de
classificatie van een patiënt welke behandeling wordt verstrekt, wat resulteerde in
het algemene doel om een adequate evaluatie van gezondheidsstatus in patiënten
met COPD te kunnen uitvoeren.
Om de aspecten van de ziektelast te bestuderen is de 'COPD Health status and
Comorbidities' (Chance) studie ontworpen. Hoofdstuk 2 laat zien dat de Chancestudie een monocenterstudie is. Het bestaat uit een cross-sectioneel deel en een
longitudinaal deel, gericht op de evaluatie van demografische en klinische kenmerken
in de eerstelijnszorg (100 patiënten), tweedelijnszorg (100 patiënten) en derdelijns
zorg (500) patiënten met COPD en bij personen zonder COPD (150 patiënten). Het
longitudinale deel bestond uit een uitgebreid revalidatieprogramma dat uitgevoerd
werd bij het hooggespecialiseerde pulmonale revalidatiecentrum CIRO.
Om een hoge ziektelast te kunnen bepalen, was het in eerste instantie belangrijk
om te weten wat kon worden geïnterpreteerd als een normale ziektelast. Om deze
reden ontvingen de mensen zonder COPD dezelfde vragenlijsten als de COPD
patiënten, waarbij het 95ste percentiel in deze populatie werd bestudeerd.
Hoofdstuk 3 heeft onderzocht of een lage ziektelast beter vertegenwoordigd zou
zijn door het aanbevolen GOLD CAT-afkappunt van 10 punten, of het 95ste
percentiel van de CAT-score in een niet-COPD populatie. Mensen zonder COPD
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hadden een gemiddelde CAT score van 6,7 ± 5,2 punten en patiënten met COPD
van 9,5 ± 5,9 punten. Het 95ste percentiel werd gevonden op >18 punten, en is
aanbevolen om als nieuwe CAT-afkappunt te gebruiken om een verlaagde
gezondheidsstatus aan te tonen bij patiënten met COPD. In dit hoofdstuk blijkt
dat één op de vijf mensen zonder COPD een abnormale CAT-score heeft volgens
de huidige internationale normen. Bij het toepassen van het 95ste percentiel is dit
aantal aanzienlijk lager.
Met de kennis van de ziektelastkenmerken bij mensen met en zonder COPD,
vonden we het ook belangrijk om samenhangende kenmerken te onderzoeken.
Hoofdstuk 4 beschreef de fysieke gesteldheid, mentale gesteldheid en sociale
gesteldheid van patiënten met COPD en mensen zonder COPD. Aangezien
COPD voornamelijk is bestudeerd in selectieve patiëntenpopulaties, waarbij
bijvoorbeeld een significante rookgeschiedenis of verschillende comorbiditeiten
vaak werden uitgesloten, zijn de samenhangende kenmerken onderzocht in een
Nederlandse populatiegebaseerde steekproef. Patiënten met milde tot matige
COPD toonden een verminderde fysieke prestatie, een lagere ziekte-specifieke
gezondheidsstatus en zijn sociaal achtergesteld in vergelijking met mensen zonder
COPD. Dus, zorgverleners moeten zich bewust zijn van het feit dat patiënten met
milde COPD in de algemene populatie specifieke beperkingen kunnen ervaren.
Daarom wordt voorgesteld om COPD in de algemene populatie te detecteren door
spirometrie te verrichten en de functionele status en gezondheidsstatus te meten
bij mensen met een verhoogd risico.
Aangezien de zorg voor patiënten met COPD kan worden uitgevoerd in diverse
zorglijnen, hebben we de verschillen in ziektelast (dagelijkse symptomen,
functionele mobiliteit, stemming en gezondheidsstatus) en in hoeverre mensen
gebruik maken van de gezondheidszorg tussen eerstelijns-, tweedelijns- en
derdelijnszorg onderzocht. Hoofdstuk 5 laat zien dat de ziektelast geleidelijk
toeneemt van COPD patiënten die in de eerstelijns- en tweedelijnszorg behandeld
worden naar patiënten die worden behandeld in de derdelijnszorg. Daarnaast
hebben we mogelijkheden voor optimalisatie van de gezondheidszorg onderzocht.
Aanvullende interventies zijn noodzakelijk bij patiënten die behandeld worden in de
tweedelijnszorg die symptomatisch blijven, ondanks farmacologische en nietfarmacologische behandeling, terwijl een ander deel van de patiënten die behandeld
wordt in de tweedelijnszorg met weinig symptomen het mogelijk maakt de zorg te
verminderen. Deze studie benadrukt de noodzaak van een gedetailleerde
karakterisering van personen met COPD en voor een meer geïndividualiseerde
behandeling, onafhankelijk van de zorglijn.
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Een van de doelstellingen bij de behandeling van patiënten met COPD is het
verbeteren van de gezondheidsstatus. Echter, niet alle veranderingen zijn klinisch
relevant. Daarom hebben we gekeken naar de minimaal klinisch relevante
verschillen (MCIDs) bij vragenlijsten over gezondheidsstatus tussen meerdere
studies die verschillende methoden toepassen. In hoofdstuk 6 werd de
responsiviteit van gezondheidsstatus vragenlijsten op pulmonale revalidatie
onderzocht, waarbij bevestigd werd dat de SGRQ, CAT, CCQ en HADS reageren
op pulmonale revalidatie bij patiënten met mild tot zeer ernstige COPD. De
MCID voor CAT in eerdere studies varieerde tussen -3,5 en -1,7 punten
(gemiddelde MCID: -2,9 punten), voor CCQ tussen -0,5 en -0,2 punten
(gemiddelde MCID: -0,4 punten), voor HADS-A tussen -2,0 en -1,1 punten
(gemiddelde MCID: -1,6 punten) en voor HADS-D tussen -1,8 en -1,5 punten
(gemiddelde MCID: -1,6 punten). De huidige studie toont aan dat de geschatte
CAT MCID varieert tussen -3,0 en -2,0 punten. Verder zien we een MCID-bereik
van -0,5 tot -0,3 punten voor CCQ, -1,8 tot -1,3 punten voor HADS-A en -1,7 tot
-1,5 punten voor HADS-D.
Tijdens de uitvoering van het huidige proefschrift was het effect van de GOLD
gezondheidsstatus vragenlijsten en de verschillende definities van toekomstig risico
onbekend. Daarom beschreef hoofdstuk 7 het effect van de mMRC, CAT, CCQ en
SGRQ en de twee maatstaven voor het risico op een exacerbatie (exacerbatie- en
ziekenhuisopnamegeschiedenis) op de frequentieverdeling en klinische kenmerken
van de GOLD-groepen A tot D. Het blijkt dat de keuze van de gezondheidsstatus
vragenlijst de frequentieverdeling van de nieuwe GOLD-groepen meer beïnvloedt,
dan de maatstaven voor het risico op een exacerbatie. Bovendien verschillen
gezondheidsstatus en psychologische symptomen tussen verschillende vragenlijsten
die gebruikt worden om patiënten met veel en weinig symptomen te identificeren,
met name in GOLD-groepen A en B. Oftewel, gezondheidsstatus vragenlijsten
beïnvloeden de GOLD-verdeling en de klinische kenmerken van de GOLD groepen.
Zorgverleners moeten zich ervan bewust zijn dat de patiënten verschillen in
gezondheidsstatus en symptomen van angst en depressie, afhankelijk van de gebruikte
gezondheidsstatus vragenlijst.
In plaats van het accepteren van verschillen en mogelijke mis-classificatie tussen
verschillende afkapwaarden voor gezondheidsstatus vragenlijsten, valideerden we
de huidige afkappunten voor GOLD vragenlijsten in hoofdstuk 8. Nieuwe
afkappunten werden berekend door gebruik te maken van de mMRC
kortademigheids-graad als referentiepunt. De hoogste overeenkomst tussen een
mMRC van ≥2 punten is gevonden bij het toepassen van een CAT-cut-point van
18 punten, CCQ-punt van 1,9 punten en SGRQ-punt van 46,0 punten. Toepassen
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van deze nieuw afgeleide afkapwaarden maakt het mogelijk om de ziektelast van de
patiënt met COPD objectief te beoordelen. Aangezien ongeveer een derde van de
patiënten in GOLD-groepen B/D opnieuw worden ingedeeld bij GOLD-groepen
A/C bij de toepassing van de nieuwe afkappunten, zal het ook de behandeling van
individuele patiënten beïnvloeden. Dit geldt ook voor het ontwerp en de
interpretatie van klinische studies.
In hoofdstuk 9 wordt een algemene discussie gegeven van de bevindingen en
beperkingen van het huidige proefschrift. Over het algemeen laat het proefschrift
zien dat patiënten met COPD lijden aan een verlaagde gezondheidsstatus en dat er
in alle zorglijnen een aanzienlijke ziektelast aanwezig is. Verder is beschreven dat
de evaluatie van gezondheidsstatus en behandeling voor patiënten met COPD in
zijn huidige vorm niet wordt uitgevoerd om optimale geïndividualiseerde zorg te
bieden. In dit hoofdstuk worden ook de benodigdheden voor een adequate
classificatie van patiënten met COPD opgesomd, om ervoor te zorgen dat er een
passende behandeling kan worden gegeven, zoals het inventariseren van de
systemische effecten en de ziektelast. Er wordt voorgesteld om te richten op een
gedetailleerde karakterisering van personen met COPD, waarin de voorgestelde
afkappunten een meer uniforme indeling kunnen geven in de GOLD-kwadranten.
Ook worden aanbevelingen voor toekomstig onderzoek gedaan. Een voorbeeld
hiervan is de noodzaak om interventies en programma’s van de gezondheidszorg
goed te evalueren, met betrouwbare MCIDs.
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This thesis describes multiple studies with the aim to examine current health status
assessment in patients with COPD and ultimately also to give advice on more
adequate health status assessment. The results will be valorized in the current
chapter, in which valorization means “the process of creating value from
knowledge, by making knowledge suitable and/or available for social (and/or
economic) use and by making knowledge suitable for translation into competitive
products, services, processes and new commercial activities”.
RELEVANCE
Care for patients with COPD can only be optimally provided when being aware of
the systemic effects of COPD. This thesis showed that an impaired health status is
present is all healthcare settings, while the current management of COPD is not
very effective and suboptimal. Therefore, the recommendation to focus on detailed
characterization of patients with COPD is critical to be able to provide targeted
care. Previous research showed that interaction between patients and professionals,
and proactive care improve the diagnostics of (an impaired) health status in
patients with COPD. The CAT is developed to improve the communication
between the patient and clinician. So, for both the clinician as the patient, the CAT
is an easy tool to enhance awareness of symptoms. Though, treatment can vary
when applying various questionnaires. Different threshold values for symptom
questionnaires can result in misclassification and, in turn, different treatment
recommendations. Therefore, this thesis examined the best fitting GOLD cutpoints suggested to provide consistency and transparency in health care for
patients with COPD. Besides the application of proactive care and consistent cutpoints, evaluation of care is critical. It is necessary to determine the treatment
efficacy and examine if an intervention has sufficient responsiveness, otherwise
treatment might erroneously be judged effective.
TARGET GROUPS
Primarily the current results are important for health care providers, as
professionals should be aware of disease burden, possible consequences and most
suitable treatment options for patients with COPD. Also, patients with COPD
should be aware of the importance to communicate with their clinician and have a
say on which treatment they prefer to receive. Furthermore, guideline committees
are a target group, as they should be informed about the current findings and could
take these results into consideration for future recommendations.
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Healthcare providers
This thesis emphasizes the need for detailed characterization of individuals with
COPD and for a more tailored treatment, independent of the healthcare setting. In
order to develop and evaluate effective treatment for patients with COPD,
individualized assessment is required. A better understanding of the presence and
possible consequences of an impaired health status is important to recognize and
respond to these symptoms. Therefore, healthcare professionals need to regularly
assess symptoms in patients with COPD. Following, awareness of an impaired
health status will make them able to inform, refer and advise a patient with COPD
about possible treatment options. When clinicians from primary, secondary and
tertiary care work together, they will be able to efficiently provide individualized
care based on the patients’ needs. The present thesis also gives important insights
for healthcare providers. They should be aware of the fact that the choice of
symptom measure influences classification, and, in turn, also specific treatment
recommendation in patients with COPD.
Patients with COPD
The application of the new cut-points would re-classify about one-third of the
patients with COPD. Because possible changes in COPD guidelines impact
individual disease management, patients should be more involved in their own
health status assessment. They need to be aware of the physical, mental and social
impact of COPD. Previous research showed that patients are more likely to change
their behaviour, when they have more knowledge about the disease and are more
self-aware. Self-evaluation (tracking whether relevant changes have occurred in
their disease symptoms) will increase the possibility to receive proper treatment
and maintain independency, autonomy and adaptability. Patients should see the
importance of communicating about their symptoms to the clinician.
Guideline committees
Previous research showed that the mMRC is a strong and independent predictor of
all-cause mortality. Furthermore, former studies implied that a CAT cut point of >18
points more adequately predicts all-cause mortality. It also comprehensively
categorizes patients with COPD according to the GOLD classification, which is in
agreement with the findings of the current thesis. Guidelines committees may need
to consider the use of a mMRC dyspnea grade two or higher, a CAT total score of
18 points or higher, a CCQ total score of 1.9 points or higher, or a total SGRQ score
of 46.0 points or higher to classify patients with COPD as symptomatic. These cutpoints enable healthcare professionals to classify the largest proportion of patients
into the same GOLD quadrant regardless of their choice of symptom measure.
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ACTIVITIES AND/OR PRODUCTS
Dissemination of the results is an important part of the valorization of a thesis.
The results have led to multiple original articles in leading scientific national and
international journals. The first findings of the current study were presented in
2014 during the Netherlands Respiratory Society (NRS) 6th Young Investigator
Symposium (Amsterdam, Netherlands) with the abstract entitled “Functional
status, mood status and health status in healthy individuals and patients with
COPD treated in primary care, secondary care or tertiary care setting”. During the
European Respiratory Society (ERS) congress in 2015, the abstract entitled
“Health status in patients with COPD and care provided in various healthcare
settings” was demonstrated with a poster presentation (Amsterdam, Netherlands).
Furthermore, results have been presented during courses and workshops organized
by CIRO and other institutes.
Besides the above-mentioned dissemination of the current thesis, it is critical that
future research is able to emerge from this perspective and show additional results
in contrast or complementary to these findings. Guideline committees can only
make influencing decisions when multiple studies show consequences of the
current cut-points and verify new cut points. The same counts for healthcare
providers to be able to apply the suggested recommendations for patients with
COPD. The current thesis will be made available to a wider public.
INNOVATION
The following paragraph describes the added value of the results for the industry,
whereby a distinction is made between the disease burden of COPD, GOLD
strategy and evaluation of care.
Disease burden of COPD
This thesis demonstrated that subjects with mild-to-moderate COPD have an
impaired health status. Patients with COPD have a reduced physical performance,
a more impaired disease specific health status and are socially deprived compared
to non-COPD subjects. This emphasizes the need for detailed characterization of
individuals with COPD and for a more tailored treatment. The current thesis is
also the first to reveal the need for additional interventions in secondary care
patients who remain symptomatic despite pharmacologic and non-pharmacologic
treatment, while another proportion of low symptomatic secondary care patients
would allow for de-intensification of care. Moreover, complementing to the
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current COPD care, it is suggested to detect COPD in the general population by
performing spirometry and measuring functional status and health status in
subjects with an increased risk.
GOLD strategy
Nowadays, the GOLD strategy determines high symptoms by using various
questionnaires: the mMRC, (grade 2 or higher), the CCQ (1 point or higher), the
CAT (10 points or higher), and the SGRQ (25 points or higher). At the start of this
thesis, the impact of the suggested tools for symptoms of COPD and the different
definitions of future risk on the frequency distribution and clinical characteristics
of the GOLD groups remained unknown. The present dissertation shows that the
choice of symptom measure impacts the classification of patients with COPD in
GOLD A/C or B/D groups. It is the first to show normative values for CAT in a
Dutch population (based on the 95th percentile of the CAT in a non-COPD
population), resulting in a new CAT cut-point of >18 points to indicate an
impaired health status. Supplementary, the present thesis recommends application
of newly determined cut-points (with the mMRC as point of reference): mMRC 2
points; CAT 18 points; CCQ 1.9 points; and SGRQ 46 points. The current thesis
also shows that the current GOLD cut-points give an underrepresentation of
patients classified in groups A/C, compared with the newly derived points.
Evaluation of care
Previous studies already examined the responsiveness of the SGRQ, CAT, CCQ,
and HADS to pulmonary rehabilitation in patients with COPD. Though, a
variance in MCID estimates was observed, leading to a need for verification of the
MCID estimates of the CAT, CCQ and HADS-A/D. It seemed reasonable to
conclude that a change of -0.4 points in CCQ and a change of -1.5 points in
HADS-A/D could be defined as clinically relevant. In contrast, MCIDs of the
CAT were not comparable between studies, indicating that the CAT is possibly
more sensitive for external influences than CCQ and HADS-A/D. Therefore, a
new MCID range for CAT of -3.0 to -2.0 points is proposed.
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Dan is nu het moment aangekomen dat ik iedereen, die een bijdrage heeft geleverd
aan mijn proefschrift, kan laten weten wat ze voor mij betekend hebben tijdens
deze periode. Inmiddels ben ik er namelijk wel achter hoe belangrijk het is om hard
werken te combineren met plezier en rust, waarin veel mensen hebben
ondersteund.
Allereerst wil ik graag de personen bedanken die dit proefschrift mogelijk gemaakt
hebben, namelijk de patiënten en controlepersonen die hebben deelgenomen. Zij
waren beschikbaar voor onderzoek en hebben tijd vrij gemaakt om mij te
ontvangen in hun huis. De eerste periode van mijn onderzoek ben ik voornamelijk
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tijd aan elkaar besteden. Ik hou ontzettend veel van jou ♥.

223

Curriculum vitae

225

Dionne Smid werd geboren op 24 januari 1990 in Heerlen. In 2008 behaalde ze haar
vwo-diploma aan het Romboutscollege, te Brunssum. Datzelfde jaar startte ze met
haar studie Gezondheidswetenschappen (Specialisatie: Geestelijke Gezondheidskunde
en Therapie) aan de Universiteit te Maastricht. Ze heeft haar afstudeerscriptie voor de
bacheloropleiding geschreven over ‘vermijdingsgedrag bij chronische en acute pijn’,
waarmee ze in 2011 haar studie heeft afgerond. In 2012 heeft ze haar Master Mental
Health diploma gehaald, te Universiteit Maastricht, aangevuld met de aantekening
testdiagnostiek. In haar masterstudie heeft ze haar afstudeerscriptie geschreven over
‘de obsessief compulsieve persoonlijkheidsstoornis’. Begin 2011 is ze tevens gestart
met een stage als psychodiagnostisch medewerker bij Licom NV, te Heerlen. Dit
heeft zich verder vormgegeven in een baan. Daarna is ze gestart aan haar
promotieonderzoek, gericht op het meten van gezondheidsstatus bij mensen met
COPD, bij CIRO Expertisecentrum voor Chronisch Orgaanfalen in Horn. Dit
onderzoek werd uitgevoerd onder supervisie van Prof. Dr. Emiel F.M. Wouters, Prof.
Dr. Martijn A. Spruit en Dr. Frits M.E. Franssen. De bevindingen van het
promotieonderzoek werden op verschillende internationale congressen gepresenteerd.
Naast veel interesse voor onderzoek, heeft ze graag patiëntencontact en werkt ze
volgaarne samen met de patiënt naar een optimale gezondheidsstatus. In 2016 is ze,
naast de afronding van haar promotieonderzoek, gestart als psycholoog bij Vincere
GGZ, te Sittard.

226

List of publications

227

Wilke S*, Smid DE*, Spruit MA, Janssen DJ, Muris JWM, van der Molen T, et al.
The 2014 Updated GOLD Strategy: A Comparison of the Various Scenarios.
Journal of the COPD Foundation. 2014. (*joint first author)
Mesquita R, Wilke S, Smid DE, Janssen DJA., Franssen FME, Probst VS,
Wouters EFM, Muris JWM, Pitta F, Spruit MA. Timed Up & Go test in COPD:
changes over time, validity and responsiveness to pulmonary rehabilitation.
European respiratory journal. 2014.

Smid DE, Wilke S, Jones PW, Muris JW, Wouters EF, Franssen FM, et al. Impact
of cardiovascular comorbidities on COPD Assessment Test (CAT) and its
responsiveness to pulmonary rehabilitation in patients with moderate to very
severe COPD: protocol of the Chance study. BMJ Open. 2015.
Mesquita R, Wilke S, Smid DE, Janssen DJ, Franssen FM, Probst VS, et al.
Measurement properties of the Timed Up & Go test in patients with COPD.
Chronic Respiratory Disease. 2016.

Smid DE, Spruit MA, Houben-Wilke S, Muris JWM, Rohde GGU, Wouters
EFM, Franssen FME. Burden of COPD in patients treated in different care
settings in the Netherlands. Respiratory Medicine. 2016.
Janssen DJ, Wilke S, Smid DE, Franssen FM, Augustin IM, Wouters EF, et al.
Relationship between pulmonary rehabilitation and care dependency in COPD.
Thorax. 2016.
Braeken DCW, Wilke S, Smid DE, Rohde GGU, Drijkoningen JJC, Wouters
EFM, Spruit MA, Franssen FME. Sputum microbiology predicts health status in
COPD. International Journal of Chronic Obstructive Pulmonary Disease. 2016.
Braeken DCW, Spruit MA, Houben-Wilke S, Smid DE, Rohde GGU, Wouters
EFM, Franssen FME. The impact of exacerbations on adherence and outcomes of
pulmonary rehabilitation in patients with COPD. Respirology. 2017

Smid DE, Franssen FME, Houben-Wilke S, Vanfleteren LEGW, Janssen DJA,
Wouters EFM, Spruit MA. Responsiveness and MCID estimates for CAT, CCQ
and HADS in patients with COPD undergoing pulmonary rehabilitation: a
prospective analysis. Journal of the American Medical Directors Association. 2017.
228

List of publications

Smid DE, Spruit MA, Deeg DJ, Huisman M, Poppelaars J, Wouters EFM,
Franssen FME. How to determine an impaired health status in COPD? Results
from a population-based study. Netherlands Journal of Medicine Netherlands
Journal of Medicine. 2017.
Smid DE, Franssen FME, Gonik M, Miravitlles M, Casanova C, Cosio BG, de
Lucas-Ramos P, Marin JM, Martinez C,Mir I, Soriano J, de Torres P, Adamek L,
Agusti A, Atalay NB, Billington J, Boutou AK, Chaplin E, Coster S, Dodd JW,
Dürr S, Fernandez-Villar A, Groenen MTJ, Guimarães M, Hejduk K, Higgins V,
Hopkinson NS, Horita N, Houben-Wilke S, Janssen DJA, Jehn M, Joerres R,
Jones PW, Karch A, Kelly JL, Kim YI, Kimura H, Koblizek V, Kocks JWH, Kon
SSC, Kwon N, Ladeira I, Lee SD, Leuppi LJD, Lopez-Campos JL, Man WD-C,
Maricic L, Mendoza L, Miedinger D, Mihaltan F, Minami S, van der Molen T,
Murrells TJ, Nakken N, Nishijima Y, Norman IJ, Novotna B, O’Donnell DE,
Ogata Y, Pereira D.E, Piercy J, Price D, Pothirat C, Raghavan N, Ringbaek T,
Sajkov D, Singh S, Sigari N, Small M, da Silva GF, Tanner RJ, Tsiligianni IG,
Tulek B, Tzanakis N, Vanfleteren LEGW, Watz H, Webb KA, Wouters EFM, Xie
GG, Yoshikawa M, Brighenti-Zogg S, and Spruit MA. Redefining the cut-points
for high symptom burden of the GOLD COPD classification: a patient level
pooled analysis in 18577 patients. Journal of the American Medical Directors
Association. 2017.
Smid DE, Spruit MA, Deeg DJ, Huisman M, Poppelaars J, Wouters EFM,
Franssen FME. The physical, mental and social impact of COPD in a population
based sample. Submitted to NPJ Primary Care Respiratory Medicine.
McNamara RJ, Houben-Wilke S, Franssen FME, Smid DE, Vanfleteren LEGW,
Groenen MTJ, Uszko-Lencer NHMK, Wouters EFM, Alison JA, Spruit MA.
Determinants of functional, peak and endurance exercise capacity in people with
COPD. Submitted to Respiratory Medicine.

229

