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Zusammenfassung 

Die chronisch obstruktive Lungenerkrankung (COPD) ist aufgrund ihrer hohen Prävalenz und Mor-

talität ein großes Problem weltweit. Das heterogene Krankheitsbild stellt eine finanzielle Belastung 

für die Gesundheitssysteme dar und führt zudem zu erheblichen Belastungen bei betroffenen Patien-

ten und der Gesellschaft. Patienten mit einer chronischen Erkrankung sind bis zu ihrem Tod auf Leis-

tungen des Gesundheitssystems angewiesen. Aufgrund des demografischen Wandels – weniger Ge-

burten bei höherer Lebenserwartung – verschiebt sich die Altersstruktur der Gesamtbevölkerung und 

folglich gewinnt die Finanzierung von Gesundheitsleistungen zusammen mit der Identifikation von 

Maßnahmen zur Verlangsamung des Verlaufs chronischer Erkrankungen zunehmend an Bedeutung. 

Die medikamentöse Therapie der COPD zielt primär auf die Linderung von Symptomen ab. Da 

COPD eine nicht heilbare jedoch behandelbare Erkrankung ist, kommt Selbstmanagementstrategien 

eine wichtige Bedeutung zu und nicht-pharmakologische Maßnahmen komplementieren die medika-

mentöse Therapie. 

Ziel dieser Arbeit ist es, gesundheitsökonomische Aspekte im Zeitverlauf in einer geschlossenen 

COPD Kohorte zu untersuchen, um Trends und Veränderungen zu erkennen, die entweder für den 

Patienten, für Leistungserbringer im Gesundheitswesen oder für Entscheidungsträger von Bedeutung 

sind. Innerhalb von drei Artikeln werden verschiedene Facetten der Versorgung untersucht: Zu Be-

ginn steht eine Analyse der Entwicklung der Inanspruchnahme von Gesundheitsressourcen und der 

direkten Kosten über einen Zeitraum von 18 Monaten. Der zweite Artikel untersucht Veränderungen 

der gesundheitsbezogenen Lebensqualität (LQ) innerhalb von drei Jahren und deren Zusammenhang 

mit physiologischen Veränderungen. Ein dritter Schwerpunkt liegt auf der Nutzung nicht-pharmako-

logischer Interventionen, sowie auf der Identifikation von Determinanten der Nutzung. Darüber hin-

aus werden in allen Artikeln Risikogruppen in Hinblick auf die steigende Nachfrage nach medizini-

scher Versorgung, die Verschlechterung der LQ und mögliche Versorgungslücken identifiziert. 

Als Datenquelle wurde die prospektive Patientenkohorte COSYCONET genutzt, innerhalb derer zwi-

schen 2010 und 2013 insgesamt 2741 Patienten in 31 Studienzentren in ganz Deutschland rekrutiert 

wurden. Nach 6, 18 und 36 Monaten fanden Folgeuntersuchungen derselben Patienten statt. Die Ana-

lyse von longitudinalen Daten bringt einige Besonderheiten mit sich, wie zum Beispiel die Berück-

sichtigung von Korrelationsstrukturen mehrerer Messungen pro Individuum, Überlegungen zum Phä-

nomen „Regression zur Mitte“ und den methodischen Umgang mit Patienten, welche die Kohorte im 

Lauf der Zeit verlassen. In allen Artikeln wurden geeignete statistische Methoden ausgewählt und 

angewandt, um diese Besonderheiten angemessen zu berücksichtigen.  
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Die Untersuchung der Kostenentwicklung nach 18 Monaten ergab einen signifikanten Anstieg der 

Arzneimittelkosten um 12% und einen Anstieg der direkten Gesamtkosten um 5%. Obwohl der An-

stieg der Gesamtkosten statistisch nicht signifikant war, zeigte sich bereits innerhalb des kurzen Be-

obachtungszeitraums ein Trend steigender Kosten. Prädiktoren für den Kostenanstieg waren Unter-

gewicht, Atemnot und Indikatoren für die Schwere der Erkrankung. In die Analyse zur gesundheits-

bezogenen LQ wurden die Daten einer weiteren Visite einbezogen und somit ein Zeitraum von drei 

Jahren untersucht. Innerhalb dieses Zeitraums wurde eine signifikante Verschlechterung der krank-

heitsspezifischen LQ beobachtet, welche vollständig durch den Teilbereich Aktivität – ein Maß der 

durch Atemnot verursachten Einschränkungen – bedingt war. Die Veränderungen der LQ und physi-

ologische Veränderungen zeigten einen annähernd linearen Zusammenhang. Gleichzeitig ergab die 

Analyse, dass ein Anstieg der Lungenfunktion mit größeren LQ-Gewinnen assoziiert war als eine 

vergleichbare Abnahme mit Verlusten. Dies könnte eine Folge von Anpassungsprozessen an eine 

chronische Erkrankung durch den Patienten sein. Atemnot wurde als Schlüsseldeterminante für Kos-

tenanstiege und LQ-Verschlechterung identifiziert. Daher befasst sich der dritte Aufsatz mit der Nut-

zung nicht-pharmakologischer Interventionen und deren Determinanten. Insgesamt wurden niedrige 

Nutzungsraten ermittelt. Eine Ausnahme war die Grippeimpfung, die von dreiviertel der Patienten im 

letzten Herbst/Winter genutzt wurde. Eine vorangegangene Empfehlung zur Nutzung durch einen 

Arzt war mit erhöhter Inanspruchnahme assoziiert, wobei Männer und Raucher insgesamt die nied-

rigste Nutzung aller Maßnahmen verzeichneten.  

Zusammenfassend geben die Ergebnisse dieser Arbeit detaillierte Einblicke in die Entwicklung von 

direkten medizinischen Kosten und den Verlauf der patientenrelevanten LQ – zwei Indikatoren für 

den Krankheitsfortschritt von COPD – über den Zeitraum von bis zu drei Jahren bei Teilnehmern 

einer großen deutschen Patientenkohorte. Insbesondere die Ergebnisse zu den Prädiktoren des Krank-

heitsfortschritts, welcher sowohl aus Kosten- als auch Patientenperspektive untersucht wurde, sind 

auf den globalen Kontext übertragbar und können zur Identifikation von Patienten mit einem Risiko 

für zukünftige Kostensteigerungen und ungünstige LQ-Entwicklungen eingesetzt werden. Unterge-

wichtige Patienten und Patienten, die eine hohe Einschränkung alltäglicher Aktivitäten durch Atem-

not oder Kurzatmigkeit berichten, sollten genau überwacht und deren medikamentöse Therapie an-

gepasst werden. Zusätzlich sollten alle Patienten mit COPD regelmäßig ermutigt werden, nicht-phar-

makologische Interventionen zu nutzen. 
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Summary 

Chronic obstructive pulmonary disease (COPD) is a major public health problem due to its high prev-

alence and associated mortality. The heterogeneous disease imposes a financial burden on healthcare 

systems and causes substantial burden on patients and the society as a whole. Patients with a chronic 

disease are dependent on treatment until their death and due to the demographic change leading to an 

overall older German population, the financing of health care services together with the detection of 

measures to slow down the progression of the disease are becoming increasingly important. Medical 

therapy is available, which mainly targets the relief of symptoms. As patients spend their entire lives 

with the disease, self-management strategies must be acquired, and non-pharmacological measures 

are available to supplement medication. 

The aim of this thesis is to study health economic aspects of COPD longitudinally in a fixed cohort 

to investigate trends and changes, which are of relevance for either the patient, healthcare providers 

or decision makers. Three articles highlight three facets of care: First, an analysis of the development 

of healthcare resource utilization and direct healthcare costs over an 18 months’ time span is pre-

sented. The second article analyzes changes in health-related quality of life (HRQL) over three years 

and their association with physiological changes. Within the third article, the utilization of non-phar-

macological interventions for COPD and determinants of utilization are discussed. Furthermore, all 

three articles aim at identifying risk groups with regard to the increasing demand for medical care, 

HRQL deterioration, and possible gaps in care. 

Data were taken from the prospective patient cohort COSYCONET. Between 2010 and 2013, 2741 

patients were recruited in 31 study centers across Germany and follow-up visits were scheduled after 

6, 18, and 36 months. In order to investigate the research questions, some unique challenges of lon-

gitudinal data analysis had to be taken into account in the statistical analysis: the consideration of 

correlation structures of multiple measurements per individual, the consideration of regression to the 

mean, and the methodical handling of patients leaving the cohort over time. Within all articles, ap-

propriate statistical methods were chosen and applied to adequately consider these challenges.  

With regard to cost developments after 18 months, the analysis showed a significant increase in med-

ication costs by 12% and a 5% increase in total direct healthcare costs. Although the increase in total 

costs was not statistically significant, it indicated a trend of development already within the short 

observation period. Predictors of cost increases were low body weight, high dyspnea burden, and 

indicators of disease severity. For the analysis of HRQL developments, data of an additional follow-

up visit were included, which enabled the investigation of a three years period. Within this period, a 

significant deterioration in disease-specific HRQL was observed, which was completely driven by 
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the activity subdomain – a measure of limitations due to breathlessness. The relationship between 

changes in HRQL and physiological changes was approximately linear meaning that changes in 

HRQL followed those in forced expiratory volume in one second (FEV1). Importantly, increases in 

FEV1 were associated with greater HRQL-gains than equal decreases with losses. This could be a 

consequence of adaptation processes to a chronic disease by the patient. Breathlessness was identified 

as a key determinant of cost increases and HRQL deterioration. Therefore, the third article dealt with 

non-pharmacological interventions for COPD, which prevent infections, alleviate symptoms, train 

the patient in the management of the chronic disease and especially teach techniques to facilitate 

breathing. The analyses showed low levels of use with the exception of influenza vaccination, which 

was reported by almost three quarters of patients. Overall, participation was higher in those who re-

ported the recommendation by their physician, while utilization was lowest in males and smokers.  

In conclusion, the results of this thesis give detailed insights into the treatment of patients with COPD 

in Germany, focusing on the development of health care costs and patient-relevant quality of life – 

two indicators of disease progression – over a period of up to three years. Especially the results re-

garding predictors of disease progression, which were investigated from both a cost and patient per-

spective, are applicable to the global context and help identify patients at risk for cost increases in the 

future and unfavourable HRQL developments. Underweight patients and patients with a high dyspnea 

burden should be closely monitored in order to reassess and adjust treatment if necessary. All patients 

with COPD should be frequently encouraged to utilize non-pharmacological interventions. 
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Chapter 1 General introduction 

1.1 Chronic Obstructive Pulmonary Disease 

1.1.1 Epidemiology, etiology, and diagnosis  

Chronic obstructive pulmonary disease (COPD) is a major public health issue worldwide. The disease 

is highly prevalent affecting more than 200 million people [1]. In Europe, the prevalence is estimated 

between 5 and 10% in the adult population aged older than 40 years [2]. The incidence is expected to 

increase in upcoming years because of the ageing of the population, longevity, and the persistent 

exposure to risk factors. In 2016, COPD was globally the third leading cause of death and was ac-

countable for 5.3% of all deaths [3]. COPD causes substantial economic, personal, and social costs. 

Among respiratory diseases, COPD is associated with the greatest loss of working days.  

For Germany, the prevalence of COPD was estimated at 13.2% based on data of the Burden of Lung 

Disease (BOLD) study [4] and in 2012, COPD was accountable for excess annual direct healthcare 

costs between € 2595 and € 8924 depending on the severity of the disease. Indirect costs were even 

higher with € 8621 for the lowest and € 27,658 for the highest disease stage [5]. Beyond the financial 

burden, COPD is also associated with a significant impairment of the health-related quality of life 

(HRQL) of those affected [6].  

COPD is characterized by persistent respiratory symptoms and airflow limitation caused by the non-

reversible obstruction of airways and the accelerated decline of lung function [7, 8]. Chronic inflam-

mation of the lung leads to a narrowing of small airways and destruction of the lung parenchyma [9]. 

Because healthy repair mechanisms no longer work, this results in loss of alveolar attachment to the 

small airways, which causes a reduction in the elastic recoil of the lung. Consequently, this leads to a 

restricted opening of the airways during expiration [7]. For the diagnosis of COPD, a post-broncho-

dilator Tiffenau index (forced expiratory volume in one second / forced vital capacity (FEV1/FVC)) 

< 0.70 is required, which is determined in spirometry. According to the Global Initiative for Chronic 

Obstructive Lung Disease (GOLD), the FEV1 is also used to assign a patient one of four degrees of 

airflow limitation severity (GOLD 1 to GOLD 4).  

The leading symptom of COPD is shortness of breath, also referred to as dyspnea. It is often accom-

panied by coughing and sputum production, which occur with varying intensity over the course of the 

disease [7]. The most important risk factor for the development of COPD is tobacco smoking. How-

ever, exposure to occupational [10, 11] or environmental [12] noxious particles or gases, low socio-

economic status [13] and respiratory tract infections in early childhood [14] have also been linked to 

the development of COPD. Furthermore, genetic abnormalities (alpha-1-antythrypsin deficiency), ab-

normal lung development and accelerated aging are congenital causes of COPD [15]. 

Chapter 1
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Comorbidities are frequent in patients with COPD and especially in mild-to-moderate COPD, cardi-

ovascular diseases and lung cancer are the leading causes of mortality [16]. Besides, skeletal muscle 

dysfunction, metabolic syndrome, osteoporosis, and depression are frequent concomitant chronic dis-

eases in patients with COPD [17]. Screening for and treatment of these comorbidities is important 

due to their association with hospitalization, morbidity and mortality in patients with mild, moderate 

and severe airflow limitations [7]. 

1.1.2 Natural history of COPD and disease progression 

Lung function is the central measure for the diagnosis of COPD and the decline of FEV1 marks the 

progression of COPD over lifetime. Studies have shown that there are significant relations with 

COPD-related morbidity and mortality, which makes lung function a key predictor of outcome and 

the essential element in understanding the natural history of COPD [18, 19]. The mean annual decline 

of FEV1 in healthy never-smoking adults is about -20 ml/per annum (p.a.) with a less steep lifetime 

curve for female never-smokers compared to male never-smokers [20]. The course of COPD is by no 

means identical in all patients and thus the heterogeneity of the disease becomes apparent in different 

trajectories through life. While in some individuals, the maximum level of lung function is signifi-

cantly lower than the mean maximum, the rate of decline is steeper in others, and some experience a 

late accelerated decline of lung function [21]. Episodic accelerated decline, which is characterized by 

the alternating decrease and increase in FEV1, has also frequently been observed in patients with 

COPD [22]. Exacerbations are a driver of accelerated lung function decline. These are episodes of 

acute worsening of symptoms and overall health status due to viral or bacterial infections, environ-

mental pollutants or other unknown factors and require additional therapy. There are three levels 

depending on the additional treatment required: mild (handled by the patient itself and treated with 

short acting bronchodilators (SABDs)), moderate (treated with SABDs plus antibiotics and/or oral 

corticosteroids, which were prescribed by a primary care physician) and severe (leads to hospitaliza-

tion) [7]. Besides their impact on lung function, COPD exacerbations have been linked to increased 

healthcare costs and mortality [23]. 

1.1.3 Pharmacological and non-pharmacological treatment 

COPD is a treatable, however, not curable disease. Especially in the context of a chronic, lifelong 

disease, longitudinal analyses of patient relevant outcomes are important to evaluate whether treat-

ment is appropriate or changes in therapy might be indicated. Furthermore, longitudinal investigations 

can help to identify characteristics that determine treatment decisions. International [7] and national 

[24] guidelines recommend pharmacologic therapy to relief symptoms, reduce the frequency of ex-

Chapter 1
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acerbations, improve overall health status and maintain exercise capacity. Since 2011, treatment de-

cisions are guided by the GOLD ABCD-classification, which combines the patient’s exacerbation 

risk and symptoms (based on either the modified Medical Research Council dyspnea scale (mMRC) 

[25] or the COPD Assessment Test (CAT) [26]). The multidimensional combination of symptoms 

and exacerbation risk culminates in four groups: GOLD A-D [7]. 

Based on this classification, different groups of active ingredients can be prescribed. Bronchodilators 

(anticholinergics, beta-2 agonists) are the primary drugs used to reduce the symptoms in stable COPD 

patients. They can be used according to need in acute respiratory distress or on a regular basis. If used 

regularly, long-acting bronchodilators are preferable to short-acting preparations. Inhaled or systemic 

corticosteroids and phosphodiesterase-4 inhibitors are also frequently used and combinations of dif-

ferent bronchodilators and / or corticosteroids are common [7, 24].  

Although pharmacotherapy has beneficial effects on the current health status and future exacerba-

tions, there is no evidence regarding a potential modification of long-term lung function decline. In 

contrast, a lasting effect on lung function has been shown for smoking cessation, which has the ability 

to slow down the progression of the disease [27, 28]. Other non-pharmacological interventions in-

clude vaccinations, physical training, physiotherapy, patient education and nutritional advice. Pulmo-

nary rehabilitation (outpatient or inpatient) can include several of the above-mentioned measures and 

trains the patient in self-management and thus in dealing with his or her illness on a daily basis. 

Finally, oxygen therapy, ventilator support and surgical interventions such as lung volume reduction 

surgery or lung transplantation are available and are mostly used to treat patients in advanced stages 

of the disease [7, 24]. 

1.2 Health services research and health economics 

1.2.1 Definitions and relevance in COPD 

Health services research is a multidisciplinary field bringing together researchers from epidemiology, 

medicine, economics, social sciences, and others and combining their knowledge and methods [29]. 

Investigating the current health care landscape, researcher deal with questions regarding access to, 

demand and utilization of healthcare services, costs and quality of care, and patient relevant outcomes 

such as HRQL [30]. In the context of health services research, health economic research is of major 

importance. This discipline describes the application of economic theories and principles to the 

healthcare sector. Research mainly focuses on questions regarding efficient and cost-effective alter-

natives of action under the premises of resource scarcity [31]. Over- and under-provision of care is 

being investigated as well as who receives which treatment. Since the purpose of health services 
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research is to present health care under everyday conditions, certain data sources are particularly suit-

able for questions in this area. These are claims data and observational studies, such as prospective 

cohort studies.  

Although there are a number of observational COPD cohorts worldwide, which monitor patients over 

several years, there is currently little literature on longitudinal health economic research, such as the 

development of healthcare resource utilization and associated costs in different sectors of healthcare 

provision. Since COPD is a costly disease and is associated with the presence of several comorbidities 

that require treatment and cause additional costs, such longitudinal investigations are of relevance for 

healthcare providers and decision makers due to their potential to identify predictors of unfavorable 

disease progression [32]. Furthermore, knowledge on cost developments related to chronic diseases 

will become even more important as the demand for health care services will increase in upcoming 

years while financial, personnel and material resources cannot grow in a proportional manner [33, 

34].  

Patient-reported outcomes, such as generic and disease-specific HRQL, play an important role in 

health economic research. They are used to evaluate interventions, estimate quality-adjusted life years 

(QALY), and to determine the impact and burden of a disease from the patient’s perspective [35]. 

Especially in chronic diseases, there is a need for longitudinal studies of patient-reported outcomes 

to identify changes in patient’s health status over time in conjunction with physiological markers of 

disease progression and to detect patients at risk for unfavourable HRQL developments [36]. This 

information is needed to coordinate care and improve treatment over the course of chronic diseases. 

1.2.2 Healthcare costs  

Cost of illness studies are an important tool to estimate the financial impact a disease imposes on 

healthcare systems, health insurances or individuals. Identifying and calculating the costs of a disease 

is also an important basis for allocation decisions [37]. Within these studies, direct and indirect costs, 

which are linked to a disease, are estimated by multiplying resources used with unit cost estimates for 

each resource. Indirect or direct measures are available to assess the healthcare resource utilization of 

patients. Indirect methods include the documentation in claims data or patient record files, while the 

direct assessment of healthcare utilization is frequently done by asking patients or relatives via stand-

ardized questionnaires or interviews [38]. 

1.2.3 Health-related quality of life 

HRQL can be assessed by generic and disease-specific measures via self- or interviewer- adminis-

tered questionnaires [39]. Generic instruments are designed to measure effects on several aspects of 
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health independent of a disease and therefore enable the comparison across different diseases and the 

contrast of healthy and sick individuals. The Euroqol 5-dimension 3 level (EQ-5D-3L) [40] is an 

example of a generic instruments and its second part, the Visual Analog Scale (VAS), was used and 

analyzed in Chapter 3. On the other hand, disease-specific instruments focus on symptom burden, 

functional impairments and the influence of one specific condition on daily activities. These measures 

are frequently used in clinical trials to measure changes in HRQL associated with medical interven-

tions. The Saint George´s Respiratory Questionnaire (SGRQ) [41, 42] and the COPD Assessment 

Test (CAT) [26] represent disease-specific instruments (see Chapter 3). Both classes of instruments 

carry out two basic functions: the assessment of cross-sectional differences in HRQL between patients 

(discriminative ability), and the evaluation of longitudinal changes in HRQL within patients (evalu-

ative ability) (see Chapter 3) [39]. To determine whether an observed change is significant or negli-

gible, the concept of minimal clinically important difference (MCID) has been developed [43]. If the 

observed change exceeds the MCID, it can be assumed that the change is of clinical relevance for the 

patient.  

1.3 Methodological aspects of longitudinal studies 

The COSYCONET study “COPD and SYstemic consequences-COmorbidities NETwork” [44] pro-

vided the data for the three research articles. Within this prospective cohort study, 2741 patients were 

recruited in 31 study centers, distributed across Germany, between 2010 and 2013. Thereafter, pa-

tients were invited to attend follow-up visits, which were scheduled at 6, 18, and 36 months and are 

still ongoing. Due to data availability reasons, data up to the three-year follow up were analyzed in 

this thesis.  

To investigate trends, characterize changes in parameters, and to examine factors that may influence 

changes, longitudinal data with multiple assessments per patient are necessary. At the same time, it 

is important to consider some specifics when conducting longitudinal research. Three aspects that 

have played an important role in addressing the research questions of this thesis will be explained in 

detail: 

In longitudinal studies, measurements of the same individual are taken repeatedly over time [45]. 

Within an individual, the repeated measures are correlated; therefore, the central assumption of a 

linear regression model is no longer fulfilled. Still, measurements from different individuals are con-

sidered to be independent. Statistical models must therefore be applied that take the specific correla-

tion structure of data into account. In an analysis with only two measurements per patient (Chapter 2 

and Chapter 3), a change score model can be used to analyze the change between baseline and follow-

up measurement [46]. Here, the dependent variable is calculated as the change by subtracting the 
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follow-up value from the baseline value for each patient. Using the calculated change, one can analyze 

the data set with a linear regression model. Advanced models are necessary for the analysis of data 

with more than two measurements per patient. One example are hierarchical linear models (Chapter 

3), which can be applied on unbalanced data with missing values and unlimited assessments per pa-

tient [47]. A random intercept accounts for the positive correlation structure, and the model estimates 

a separate effect for the inter-individual difference (cross-sectional effect) and the intra-individual 

change (longitudinal effect), while adjusting for time-varying or time-constant covariates. 

Regression toward the mean (Chapter 2 and Chapter 3) is a phenomenon, which occurs due to meas-

urement error or random fluctuations within patients over time. When analyzing change between two 

repeated measurements, an individual who had an extreme measurement at the first visit is more likely 

to move to the overall mean with his/her second measurement [48]. It therefore directly affects the 

calculated change in that individuals with extremely low values at first measurement are likely to 

have a somewhat bigger overall positive change and vice versa. To account for regression toward the 

mean, one could include the baseline measurement as an independent covariate in statistical models. 

Some models, for example the hierarchical linear model, are designed to be robust against regression 

toward the mean [47]. Additionally, the phenomenon and possible influence on the results should be 

discussed in the article because the complete elimination of bias during measurement is not possible.  

In an observational study that runs over several years, it is inevitable that individuals leave the cohort 

over time. In most cases, this is not random; hence, selective dropout could induce bias to the research 

findings and should therefore be considered in longitudinal analyses [49]. Reasons for the termination 

range from “not interested”, “too ill to participate” to “deceased” and in some cases, patients exit the 

cohort without indicating a reason or being available for a request. Within the COSYCONET study, 

a strong effort was put into collecting the reasons for the dropout, which allowed its consideration in 

the analyses. The dropout was addressed in three ways: characterization, adjustment, discussion. First, 

the numbers of participants at each study visits together with the proportions of dropouts by given 

reasons was displayed (see Flow Chart diagram in Chapter 3). Furthermore, the comparison between 

baseline characteristic of participants and dropouts showed differences between groups (see Table 5 

Chapter 2, Table S1 Chapter 4). Second, Inverse Probability Weights (IPW) [50] were included in the 

regression analyses (Chapter 2 and Chapter 3). According to the characterization of dropouts, those 

patients were older and had a higher disease burden. However, follow-up measurements were only 

available for the reduced cohort. To imitate the cohort as recruited at baseline, weights were calcu-

lated for the complete cases based on the inverse probability of attending the follow-up assessment. 

This was modelled using demographic variables, disease characteristics and quality of life, all meas-
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ured at baseline. The result was an artificially enlarged follow-up cohort, with similarities to the co-

hort recruited at baseline. Third, the potential bias through selective dropout and its influence on the 

findings has been discussed in each article. 

1.4 Objectives and contents of this thesis 

The overarching objective of this thesis is to study health economic aspects of COPD longitudinally 

to investigate trends and changes in parameters deemed to be important for the course of the disease. 

In detail, this included the analysis of short-term development of resource utilization and healthcare 

costs (Article 1) and the analysis of changes in HRQL and their association with physiological 

changes (Article 2). Building on the findings of the first two articles, a third focus was placed on the 

utilization of non-pharmacological interventions for COPD (Article 3), which are particularly im-

portant in the context of a chronic and lifelong disease. All three articles aimed at identifying risk 

groups with regard to the increasing demand for medical care, HRQL deterioration, and possible gaps 

in care. 

In the following, the research questions of the three articles are outlined and a short summary of each 

chapter is given: 

Within Chapter 2, the development of the healthcare resource utilization and associated costs of 

patients with COPD over an 18-month period is explored. Annual direct costs were calculated based 

on self-reported information on utilization, which was assessed at baseline and follow up. The two 

direct cost measurements per patient, separated by 18 months, were analyzed using change score 

models. Overall, an increase in inflation-adjusted mean annual direct costs of 5% was observed. Pa-

tients with baseline GOLD grade 4, underweight patients and patients with a high dyspnea burden 

were at high risk for cost increases after 18 months. Additionally, a history of moderate or severe 

exacerbations and the presence of more than three comorbidities were significant predictors of cost 

increases. To conclude, the analysis of intra-individual changes in utilization and direct healthcare 

costs identified clinically plausible and relevant cost-drivers. Assuming that higher utilization is 

linked to higher disease severity, the results might be used to guide therapy decisions according to 

characteristics, which determine the course of the disease. 

Chapter 3 focuses on patient-reported HRQL in the progression of COPD, which was assessed by 

the lung function parameter FEV1. HRQL was measured with the generic EQ-5D VAS and the dis-

ease-specific SGRQ. Since there is conflicting literature regarding the association between lung func-

tion development and change in HRQL, this article examines the longitudinal association between 

change in FEV1 and change in disease-specific and generic HRQL based on up to three measurements 

per patient over a period of three years. Besides the descriptive analysis of change in HRQL and 

Chapter 1

17



 
 

FEV1, three models, designed to analyse longitudinal data, were applied: change score models, gen-

eralized additive models, and hierarchical linear models. On the population level, a significant +1.3 

unit deterioration in SGRQ was observed. The single most important driver of this change was the 

activity subdomain, which measures restricted activity caused by shortness of breath and activities 

that cause breathing difficulties. The mean value of the generic instrument EQ-VAS did not signifi-

cantly change over three years. Regarding lung function, 58% of patients experienced a clinically 

relevant decrease in FEV1. The relationship between HRQL and FEV1 appeared to be approximately 

linear with decrease in FEV1 being statistically significantly associated with a deterioration in HRQL 

and increase being associated with improvements. In conclusion, there was a strong correlation be-

tween change in the physiological measure and the patient-reported HRQL. The main driver of dete-

rioration was the increasing restriction of everyday activities due to breathlessness. The physical sta-

tus and lung function of patients with a high dyspnea burden should be carefully re-examined to 

induce reassessment of therapeutic regimes, and to initiate the utilization of non-pharmacological 

interventions. 

Chapter 4 investigates the utilization of non-pharmacological interventions for COPD and aims at 

detecting specific characteristics of patients that determine utilization. At the 36-months follow-up, 

the use of smoking cessation programs, influenza vaccination, physiotherapy, sports programs, pa-

tient education programs, and pulmonary rehabilitation was assessed based on self-reports. Descrip-

tive statistics were used to compare the cohort at baseline and the subpopulation. Utilization and 

determinants of utilization were analyzed using logistic regression models stratified by sex and se-

verity of disease. In general, utilization was highest for influenza vaccination (73%), while therapy 

options that require the active involvement of the patient were used less often (physiotherapy 10%, 

smoking cessation program 24%). Regarding all interventions, utilization was lower in men and cur-

rent smokers and furthermore, smokers reported less often that they had received a recommendation 

to utilize any intervention by a physician. This is especially important, since utilization was higher in 

those reporting that they received a recommendation to use by a physician. To conclude, use of non-

pharmacological interventions for COPD in Germany was relatively low with the exception of influ-

enza vaccination. However, smoking cessation has been shown to positively influence lung function 

development and other non-pharmacological interventions can lead to improvements in HRQL and 

symptom relief. These are all important markers associated with the progression of the chronic dis-

eases. Therefore, a higher utilization should be aimed for, especially among men and smokers, and 

recommendations to use non-pharmacological interventions by the physician might help to increase 

uptake. 
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In summary, on the basis of longitudinal data over three years from the German COSYCONET patient 

cohort, the progression of COPD has been described in terms of increasing health services demand 

leading to increasing costs and a deterioration of HRQL, which was in parallel to the measured decline 

in FEV1. As described in Chapters 2 and 3, dyspnea was found to be a critical predictor of these 

developments. Chapter 4 therefore addressed interventions, which were shown to relieve breathless-

ness, increase physical activity, and improve HRQL in patients with COPD. Especially the use of 

interventions, which require a high level of patient commitment, was found to be insufficient. An 

improvement in care could be achieved by increasing utilization. 

1.5 Individual contribution of the author 

The author of this thesis has contributed substantially to the concept of all three articles and the defi-

nition of the research questions. She prepared and analyzed the data and wrote the original manuscript 

of the articles 2 and 3. Article 1 was conducted as a shared first authorship. Within the preparation 

for the first submission, considerable methodological reconsiderations were made. Subsequently, the 

author carried out the necessary recalculations and wrote the corresponding methods and results sec-

tion. The author also mainly contributed to the structure and text of the discussion. Furthermore, she 

accompanied the publication process as the corresponding author for all articles and was the main 

contributor to editing and reviewing the article. The author was not involved in the data collection of 

the COSYCONET study but contributed to the ongoing quality control of data. 
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Appendix 

Additional file 1 

Table A1 Baseline characteristics of COPD patients who completed the 36-month follow-up 

  Total sample GOLD 1/2 GOLD 3/4  

n  1182 702 480 p-value1 

Male   719 (60.8) 424 (60.4) 295 (61.5) 0.7140 

Age, yrs  64.4 ± 8.2 65.5 ± 8.3 63.6 ± 8.0 <.0001 

Age category  < 55 144 (12.2) 73 (10.4) 71 (14.8) <.0001 

 55 - 64 427 (36.1) 227 (32.3) 200 (41.7)  

 65-74 503 (42.6) 323 (46.0) 180 (37.5)  

 >= 75 108 (9.1) 79 (11.3) 29 (6.0)  

BMI category2  Normal 421 (35.6) 224 (31.9) 197 (41.0) 0.0002 

 Overweight 462 (39.1) 284 (40.5) 178 (37.1)  

 Obese 269 (22.8) 182 (25.9) 87 (18.1)  

 Underweight 30 (2.5) 12 (1.7) 18 (3.8)  

FEV1 (liters)  1.68 ± 0.65 2.02 ± 0.57 1.17 ± 0.34 <.0001 

FEV1% predicted  56.1 ± 18.2 68.0 ± 12.8 38.8 ± 8.1 <.0001 

Education Primary 619 (52.4) 345 (49.2) 274 (57.1) 0.0156 

 Secondary 336 (28.4) 207 (29.5) 129 (26.9)  

 Higher 227 (19.2) 150 (21.4) 77 (16.0)  

Smoking status Never smoker 86 (7.3) 52 (7.4) 34 (7.1) 0.0003 

 Current smoker 273 (23.1) 190 (27.1) 83 (17.3)  

 Former smoker 823 (69.6) 460 (65.5) 363 (75.6)  

Comorbidities Mean number  3.8 ± 2.6 3.9 ± 2.6 3.6 ± 2.6 0.0494 

Exacerbation history3  none 557 (47.1) 388 (55.3) 169 (35.2) <.0001 

 mild 60 (5.1) 39 (5.6) 21 (4.4)  

 moderate 369 (31.2) 201 (28.6) 168 (35.0)  

 severe 196 (16.6) 74 (10.5) 122 (25.4)  

HRQL measures SGRQ total score 40.2 ± 19.1 35.0 ± 18.3 47.9 ± 17.7 <.0001 

     Activity  54.2 ± 25.3 45.9 ± 24.1 66.2 ± 22.0 <.0001 

     Symptoms  54.1 ± 21.3 50.5 ± 21.6 59.4 ± 19.7 <.0001 

     Impacts  27.2 ± 19.6 23.2 ± 18.6 33.1 ± 19.5 <.0001 

 EQ VAS 59.1 ± 19.4 63.5 ± 18.2 52.7 ± 19.4 <.0001 

Data are presented as mean ± SD or n (%) 
1 p-values based on Chi-square-Tests and ANOVA 
2 BMI groups were defined as normal weight (18.5 ≤ BMI <25), overweight (25 ≤ BMI < 30), obese 
(BMI ≥ 30), and underweight (BMI < 18.5). 
3 previous 12 months before examination  
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Table A2 Clinically important change in HRQL after 36-month 

SGRQ Total sample GOLD 1/2 GOLD 3/4 

n 11591 690 469 

clinically important deterioration  458 (39,5) 260 (37,7) 198 (42,2) 

No change 314 (27,1) 191 (27,7) 123 (26,2) 

clinically important improvement  387 (33,4) 239 (34,6) 148 (31,6) 

VAS Total sample GOLD 1/2 GOLD 3/4 

n 11632 692 471 

clinically important deterioration  398 (34,2) 230 (33,2) 168 (35,7) 

No change 399 (34,3) 258 (37,3) 141 (29,9) 

clinically important improvement  366 (31,5) 204 (29,5) 162 (34,4) 

Data are presented as n (%) 
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Additional file 2 

Inverse Probability Weighting: Absolute adjusted mean change in SGRQ (a) and EQ VAS (b) af-

ter 36 months 

 

Ordinary least square regression models were adjusted for age, sex, BMI, education, smoking sta-

tus, comorbidity burden, exacerbation history, and FEV1 change*baseline FEV1. Error bars indicate 

95% confidence intervals. Models include inverse probability weights to account for dropout. 

Change categories in FEV1 were defined as decrease in absolute FEV1 ≥ 100 ml increase in abso-

lute FEV1 ≥ 100 ml, and no change (in between) after 36 months. 
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Additional file 3 

Table A3 

Inverse Probability Weighting: Cross-sectional and longitudinal estimates for the association 

between FEV1 and disease-specific HRQL 

Outcome: SGRQ Total sample GOLD 1/2 GOLD 3/4 

 
estimate [95 % CI] estimate [95 % CI] estimate [95 % CI] 

FEV1 between-subjects 
-1.41***  

[-1.54 to -1.27] 

-0.99***  

[-1.21 to -0.76] 

-1.57***  

[-1.95 to -1.19] 

FEV1 within-subjects 
0.85***  

[0.66 to 1.04] 

0.87***  

[0.64 to 1.10] 

0.96***  

[0.63 to 1.29] 

*** p < 0.001 

Hierarchical linear models (HLM) adjusted for age, sex, BMI, education, smoking status, number of 

comorbidities, and exacerbation history. Models include inverse probability weights to account for 

dropout. 

Interpretation: Positive estimates indicate deterioration in SGRQ. FEV1 between-subjects: cross-sec-

tional difference in HRQL per 100 ml difference in FEV1 between subjects. FEV1 within-subjects: 

longitudinal change in HRQL per 100 ml decrease in FEV1 within subjects over time.  
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Chapter 4 Utilization and determinants of use of non-pharmacological interventions in 

COPD: Results of the COSYCONET cohort 
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Appendix 

 

Table S1: Baseline comparison of patients present for both visits (Study participants) vs patients 
lost to follow-up excluding deceased patients (Dropouts) 

  Study partici-
pants  

(n=1410) 

Dropouts 
(n=1116) 

p-value 

Age (years)  64.5 (8.4) 65.2 (8.9) 0.0453 a 

Spirometry  FEV1%pred  60.5 (20.3) 54.2 (21.6) < 0.0001 a 

 FVC%pred 81.8 (17.9) 75.7 (19.4) < 0.0001 a 

% GOLD 
groups 
(mMRC) 

A 46.1 35.4 <0.0001 b 

 B 21.8 26.6  

 C 14.8 13.0  

 D 17.3 25.0  

% Smoking 
status 

Current smo-
ker 

22.5 26.9 0.0376 b 

 
Former 
smoker 

69.2 65.4 
 

 
Never 
smoker 

8.4 7.7 

BMI (kg/m2)  27.3 (5.1) 26.9 (5.7) 0.1018 a 

% Education Basic educa-
tion 

52.5 58.2 0.0138 b 

 
Secondary 
education 

28.2 25.7 
 

 
Higher edu-
cation 

19.3 16.1 

% Exacerba-
tion historyc  

None/ Mild 54.0 49.4 
0.0531 b 

 
Moderate/ 
Severe 

46.0 50.6 

% mMRC mMRC ≥2 39.1 51.6 <0.0001 b 

Years since 
COPD diagno-
sis 

 7.7 (6.9) 7.7 (7.0) 0.7984 a 

Notes: Data are mean (SD) or %. 

a p-value based on ANOVA  

b p-value based on Chi2-Test 
c Previous 12 months before study visit 
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Perspektiven mit ihren Anregungen zu den Publikationen beigetragen haben. Besonderer Dank gilt 

hier PD Dr. Rudolf Jörres für sein Engagement und seine Unterstützung.  

Herzlicher Dank gilt meinen ehemaligen und aktuellen Kolleginnen und Kollegen für die ausgezeich-

nete Arbeitsatmosphäre und den wissenschaftlichen Austausch. Der Umgang miteinander war von 

großer Hilfsbereitschaft und guten Gesprächen geprägt. Einige Kollegen sind zu Freunden geworden, 

bei Euch bedanke ich mich ganz besonders: Julia, Bogi, Phillen, Christoph, Manuel und Florian – mit 

Euch sind die drei Jahre verflogen. Danke an Wolfgang, Natalie und Michael, die beim Tennis für 

Ablenkung und sportlichen Ausgleich gesorgt haben. 

Auf die Unterstützung und den Rückhalt meiner Familie konnte und kann ich mich zu jeder Zeit 

verlassen. Vielen Dank an meine Eltern Annette und Rainhard und meine beiden Brüder Ferdinand 

und Valentin, dass ihr immer für mich da seid! 
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