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GENERAL INTRODUCTION OF COPD

Introduction 
Chronic obstructive pulmonary disease (COPD) is a chronic lung disease that is character-

ised by airway obstruction and chronic inflammation of the airways. According to the latest 

information of the World Health Organisation (WHO), COPD is the third leading cause of 

death worldwide.[1] The most common symptoms in COPD are dyspnoea, chronic cough 

and sputum production. Components of COPD such as emphysema and chronic bron-

chitis were first described in 17th century.[2] In the 19th century, hyperinflated lungs were 

discovered in particular families, indicating that there should be familial predispositions 

or environmental factors that cause long abnormalities. Nowadays, the most important 

causes of COPD are exposition to noxious gases and tobacco smoking. A diagnosis of 

COPD should be considered in any patient with symptoms of dyspnoea, chronic cough or 

sputum production and a history of risk factors for COPD.[3] 

Diagnosis
If there is a suspicion of COPD, the diagnosis should be confirmed by pulmonary func-

tion testing. Typical for COPD is airway obstruction that is caused by narrowing of the 

small airways, alveolar damage and loss of elasticity of the lungs.[4] Airway obstruction 

is defined as a post-bronchodilator forced expiratory volume in one second (FEV1)/forced 

vital capacity (FVC) lower than 0.7 or FEV1/FVC below the lower limit of normal (LLN). The 

severity of airflow limitation is expressed as a percentage of predicted FEV1. There are four 

COPD stages: mild (FEV1 ≥80% predicted), moderate (50% ≤ FEV1 <80% predicted), severe 

(30% ≤ FEV1 <50% predicted) and very severe COPD (FEV1 <30% predicted).[3] Airflow 

limitation solely is not enough to stage COPD severity. According to the Global Initiative for 

Chronic Obstructive Lung Disease (GOLD) statement, patients’ symptoms, history of exac-

erbations and thereby risk of future exacerbations should be taken into account as well.[3] 

Higher symptom burden[5] and a higher number of severe exacerbations are related with 

higher mortality rates.[6, 7] 

Treatment
There are no curative options for COPD. Major treatment goals in COPD are reduction 

of symptoms and prevention of acute exacerbations. Symptoms can be monitored with 

questionnaires. The most widely used questionnaires are the modified Medical Research 

Council (mMRC),[8] COPD Assessment Test (CAT)[9] and Clinical COPD Questionnaire 

(CCQ).[10] For the risk assessment for future exacerbations, the number of moderate 

and severe exacerbations should be used as a predictor, since previous exacerbations are 

the best predictor for future exacerbations.[11] An exacerbation is defined as a sudden 

worsening of respiratory symptoms that results in additional therapy.[3] A low risk for 
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future exacerbations is defined as having had 0 or 1 exacerbation during the previous year 

(not leading to hospital admission); high risk as ≥2 exacerbations or ≥1 leading to hospital 

admission. Pharmacological and non-pharmacological treatment are developed to reduce 

symptoms and prevent exacerbations. Most prescribed pharmacological treatment are 

bronchodilators and inhaled corticosteroids. However, pharmacological treatment has no 

effect on mortality.[3] Moreover, non-pharmacological interventions are recommended to 

improve COPD status. These interventions include the reduction of exposure to risk factors 

and smoking cessation, education and self-management, adequate sleep, a healthy diet, 

exercise training and sufficient physical activity. Despite the existing treatment options, 

COPD is still in the top five leading causes of disability-adjusted life-years.[12] Therefore, 

more research is needed in factors that are related with poor outcomes in COPD to encour-

age the development of novel treatment options. In this thesis the focus is on morning 

symptoms and physical activity. 

MORNING SYMPTOMS IN COPD

Occurrence
In COPD, symptoms vary over the day.[13] However, for decades, morning symptoms 

were considered a feature of asthma.[14] In 2009, the first study with focus on morning 

symptoms in COPD was published.[15] This study showed that the majority of patients 

with COPD experience morning symptoms. Following this study, more research has been 

conducted in this field. Depending on the used questionnaire and the study population, 

39.8 to 94.4% of all COPD patients experience symptoms in the morning.[15-22] Most 

frequently occurring morning symptoms are coughing, sputum production and shortness 

of breath. Morning symptoms are in general mild to moderate.[16, 19, 22] Patients men-

tioned morning symptoms as a cause of work absenteeism.[23] 

Assessment
Nine years after the first publication about morning symptoms in COPD, a morning 

symptoms questionnaire was validated.[24] Before that, researchers used non-validated 

morning symptom questionnaires.[18, 25-30] These different questionnaires contained 

one to nineteen questions about morning symptoms and most of them evaluated the 

type of symptoms, severity of symptoms and the impact of the symptoms on daily life. 

Furthermore, some studies used non-COPD specific questionnaires that included one or 

more questions about morning symptoms.[18, 25, 31-33] 
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Associated factors
It has been shown that morning symptoms are associated with night time symptoms, [19, 

21, 22] poorer health status,[19, 21, 22, 33, 34] current smoking, exacerbations,[19, 21, 

22] more depression,[19] more anxiety,[19] more use of oxygen in the previous week,[22] 

more use of rescue medication and more primary care visits. It is unknown whether morn-

ing symptoms could be a target for therapy to improve these outcomes since the causality 

between morning symptoms and other factors is still unknown. 

PHYSICAL ACTIVITY IN GENERAL

Definition and recommendations
Physical activity is defined as “any bodily movement produced by skeletal muscles that 

results in energy expenditure.”[35] As this definition already suggests, movements vary in 

intensity. The intensity of physical activity can be expressed in metabolic equivalents (METs). 

One MET is nearly equivalent to the energy expenditure of sitting quietly.[36] Activities that 

cost <3.0 MET are categorised as light intense activities, for example hair styling. Activi-

ties that cost 3.0 to 6.0 MET are categorised as moderate intense activities, for example 

walking the dog. Activities that cost >6.0 MET are categorised as (very) vigorous intense 

activities, for example jogging.[36] According to the physical activity recommendations of 

American College of Sports and Medicine, adults should be physically active for at least 

30 minutes a day in moderate intense physical activity in bouts of at least 10 minutes, for 

at least five days a week.[37] Another option to reach the activity recommendations is to 

be physically active 20 minutes a day in vigorous intense physical activity in bouts of at 

least 10 minutes, for at least three days a week. When physical activity recommendations 

are not reached, a person is physically inactive. Older adults are less likely to reach the 

activity recommendations than younger adults.[38] The physical activity domains in which 

people spent their time have changed during the past decades; less time is spent in work 

and transport-related physical activity due to the development of new technologies and 

urbanisation; and more time could be spent in leisure time physical activity. Changing 

physical activity is challenging, because physical inactivity is associated with several factors 

including low interest in physical activity, low education level, health related factors and a 

high body mass index.[39, 40]

Measurements
There are various methods to assess physical activity. One method to assess physical activity 

is the use of activity questionnaires. Activity questionnaires are easy to use in practice and 

they are cheap.[41] Disadvantages are recall bias and (gross) overestimation of physical 

activity.[41] Objective assessments of physical activity can be performed with devices. 
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Pedometers are most accurate in step counting.[42] However, pedometers do not contain 

information about movement intensity. (Triaxial) accelerometers are devices that assess 

acceleration in multiple directions and thereby reflect bodily movement. Several accelerom-

eters have been developed, with different features, designs and measured output.[43, 44] 

Disadvantages of accelerometry are lack of adherence and the need for technical expertise.

[41] In COPD, accelerometers are validated tools to evaluate physical activity.[44] 

Chronic diseases
Physical inactivity results in a higher risk of cardiovascular disease, various types of cancer, 

diabetes, obesity and mortality. [45-48] Physical inactivity is common in chronic diseases 

such as COPD, cardiovascular diseases, kidney disease and diabetes.[49] In a group of 

adults without a chronic disease about 50% is physically active, whereas only 30% of 

patients with a history of COPD reach the recommended physical activity levels.[49] 

PHYSICAL ACTIVITY IN COPD

Known activity characteristics
Physical activity is substantially lower in patients with COPD than their healthy peers.[50, 

51] Physical inactivity is not specific to severe COPD only; the decline is already present 

in mild and moderate COPD[52] and pulmonary function is only weakly associated with 

physical activity.[53] There is an annual decrease in physical activity.[54] Low physical activ-

ity in COPD is related to high mortality rates,[55] lower quality of life, more dyspnoea and 

more previous exacerbations.[56] Thus, physical inactivity seems to be a matter of concern 

in COPD that needs to be addressed. It is unknown whether COPD causes inactivity due to 

symptoms, or that it is actually the other way around: that physical activity is a risk factor 

for the development of COPD symptoms. Previous research has shown that patients with 

COPD have different activity characteristics when compared to their healthy peers: patients 

with COPD perform activities slower,[15] at a lower walking speed,[46] and there is an 

increased duration between steps.[57] Furthermore, they take more breaks[15] and they 

perform activities in fewer and shorter bouts.[53] 

Decrease in physical activity
Patients with COPD experience barriers to be physically active, such as a lack of infrastruc-

ture, lack of willpower, other psychological problems, lack of time, invalidating symptoms 

like dyspnoea and fatigue.[58, 59] Moderate and severe acute exacerbations of COPD 

drastically decrease physical activity.[60] Frequently, these exacerbations lead to hospital-

izations. Following hospitalization, it is difficult for patients to perform physical activities. 
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It generally takes more than one month to become as active as they were before the 

exacerbation, if they even return to their pre-exacerbation level.[61] 

Physical activity stimulation
Regular physical activity is recommended for all COPD patients.[3] Some level of physical 

activity results in less decline in pulmonary function when compared to patients who live 

a sedentary lifestyle.[54] Therefore, (easy) interventions to improve physical activity should 

be developed. Several interventions are proven to be effective: counselling, direct physical 

activity feedback and pulmonary medication. Physical activity counseling and real-time 

feedback were more successful in studies that included stable patients with COPD[62, 

63] than studies that included unstable patients. Placebo-controlled medication trials have 

shown positive effects of long-acting beta2 agonists (LABA)[64, 65] and a long-acting 

muscarinic antagonist (LAMA)/LABA combination on physical activity parameters.[66] 

Pulmonary rehabilitation is a multidisciplinary intervention with focus on exercise training, 

education and behaviour change to improve physical and psychological conditions.[67] 

The effects of pulmonary rehabilitation are inconsistent; some studies have shown no sig-

nificant effects on physical activity[68, 69], while others shown significant improvements.

[70, 71] Maintenance of the positive effects of pulmonary rehabilitation on the longer term 

is challenging.[72]

OUTLINE OF THE THESIS

There are no curative options for COPD yet. Nowadays, COPD is still in the top five of 

diseases that are responsible for disability-adjusted life-years worldwide.[12] Therefore, 

more research is needed to improve factors that are related with poor outcomes in COPD. 

The aim of this thesis was to gain more knowledge about morning symptoms and physical 

activity in COPD in search of novel treatment options. In the studies described in this thesis, 

morning symptoms were assessed with a questionnaire and physical activity was assessed 

with a physical activity questionnaire and/or accelerometry. 

Chapter 2 is a systematic review on the existing evidence about the association between 

morning symptoms and physical activity in COPD. Following this systematic review, the 

MOrning symptoms in-Depth observationAl Study (MODAS) was conducted to investigate 

the association between morning symptoms and objectively measured physical activity. The 

results of this study are described in chapter 3 and chapter 4. 

In the MODAS, the focus was on moderate to very severe COPD patients. However, physi-

cal inactivity is already present in mild and moderate COPD. Therefore, physical activity was 
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studied in non-severe COPD patients as well. We studied the associations between physical 

activity and other patient characteristics. The results are presented in chapter 5. 

This thesis continues with an evaluation of a novel systematic approach for asthma and 

COPD patients referred to secondary care pulmonology. The novel systematic approach 

consisted of a predefined diagnostic evaluation combined with an optional internet-based 

self-management support system. Outcomes of the systematic approach were compared 

with usual care. The results are shown in chapter 6. Finally, in chapter 7, a summary of 

the most important findings, a discussion and suggestions for further research and clinical 

practice is presented. 
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LIST OF ABBREVIATIONS

CAT: COPD Assessment Test 

CCQ: Clinical COPD Questionnaire

COPD: chronic obstructive pulmonary disease

FEV1: forced expiratory volume in one second

FVC: forced vital capacity

GOLD: Global Initiative for Chronic Obstructive Lung Disease

LABA: Long-acting beta2 agonist

LABA: Long-acting muscarinic antagonist

LLN: lower limit of normal

METs: metabolic equivalents

mMRC: Medical Research Council

MODAS: MOrning symptoms in-Depth observationAl Study

WHO: World Health Organisation
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