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0. BACKGROUND 

The purpose of this section is to introduce the: 

 AMICA Project 

 Purpose, scope and context of this deliverable 

 Intended audience for the deliverable 

 Document Structure 

 External References 

0.1. AMICA Project 

The Autonomy Motivation & Individual Self-Management for COPD patients (AMICA) is 
aimed at the disease management and medical care of chronic obstructive pulmo-
nary disease (COPD) patients. AMICA is a Research and Development project 
sponsored under the Europeans Commission’s Ambient Assisted Living programme as 
well as its projects members. Its official website is http://www.amica-aal.com. 

It is aimed at providing medical management and medical care to patients suffering 
from Chronic Obstructive Pulmonary Disease (COPD). COPD is a progressive pulmonary 
disease characterized by reduction in airflow and is not fully reversible. COPD is the 
major cause of mortality and increased levels of disability, particularly in the elderly.  
Symptoms vary among individuals and include breathlessness, dyspnea, abnormal 
sputum and chronic cough. Exposure to tobacco smoke is by far the most important 
risk factor in the development of COPD and is associated with high levels of morbidity 
and mortality. 

AMICA’S main objective is to develope and assess long-term COPD management 
solutions based on innovative Information and Communication Technologies (ICT) that: 

 Allows early detection of COPD exacerbations through the use of a 

multifunction biomedical system able to yield continuous and sporadic data on 

heart, breathing and physical activity. This helps to avoid hospitalization and 

enhances quality of life of elderly COPD patients. 

 Offers a user-friendly design for the elderly. 

 Provides remote monitoring and home-based care 

 Integrates a technical solution with a holistic service approach. 

 Fosters prevention and self-management through immediate comprehensive 

feedback and efficient personalized assistance. 

 Increases levels of therapy compliance providing effective incentives schemes 

such as health treatments abroad as an added bonus while it reduces public 

http://www.amica-aal.com/
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health care costs and provides business opportunities on the health tourism 

market. 

0.2. AMICA project started April 2009 and lasts for 3 years until April 2012 with a 
total budget budget of 2.783.139,48€.  Seven partners spread across Europe are 
involved including medical companies and foundations (Vitaphone - Germany, I.S.S- 
Spain. and the Foundation for Biomedical Research Management- Spain), Academics 
(Institute of Communication and Computer Systems from the National Technical 
University of Athens- Greece, the Engineering School from Cádiz– Spain and the 
Research Centre for Information Technology from Karlsruhe – Germany) and an 
electronic design company (M.S.C.- Spain/Germany). 

0.3. Deliverable purpose, scope and context 

The present report is the first deliverable belonging to the Work Package number 6 
“Health Economics, Service & Business Models” of the AMICA Project. 

The AMICA project, “Autonomy, Motivation & Individual Self-Management for COPD 
patients”, is being funded by the Ambient Assisted Living Joint Programme and it is 
aimed at the disease management and medical care of chronic obstructive pulmonary 
disease patients. This management will be achieved by the means of the development 
of a healthcare and telemedical solution and service platform: the AMICA system. 

Work Package number 6 will develop, among the whole project duration, an Economi-
cal analysis of the whole disease and system with the aim of developing a healthcare 
and care management service based on the AMICA system that allow the development 
of valuable business models for the exploitation of the project results. 

To achieve this objective, the first step needed is to analyze the economical burden 
and economical costs caused by the illness. This is the aim of the present report. 

0.4. Audience 

0.5. Document Structure 

The points needed to develop a “Health and Economical Analysis” are: 

a) An Introduction about the illness and the burden that it causes. A description of the 
classification and quantification of the illnesses medical costs will also be included.  

b) A description of the methodology used to find and summarize all the information 
obtained in order to develop the report will come next. 

c) An analisys of the economical burden of the illness, based on an epidemiology de-
scription of the illness, and it will include a mortality, morbidity and prevalence analy-
sis. This point will help to understand the importance of the illness at a global level. 
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d) The fourth step will be to analyze the economical costs of the illness found related 
to de illness. In this point, the costs per country will be analyzed. The analyzed coun-
tries have been chosen for two different reasons. On one side some of them are the 
countries of the partners of the consortium (Spain, Greece and Germany) and on the 
other side, some have been chosen as representative of the most relevant health sys-
tems in the world (USA, UK, Sweden and Norway). The costs related to the different 
stages of the illness will be described. The costs per treatment and programs will be 
also analyzed by the means of cost-effectiveness. For the last in this point, the telemo-
nitoring existing systems will be also analyzed in terms of economical cost and eco-
nomical saving. 

In the last point, several conclusions about all the information included in the report 
will be extracted. 
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1. INTRODUCTION 

The Chronic Obstructive Pulmonary Disease (COPD) is one of the leading causes of 
morbidity and mortality worldwide, and the functional and medical care resource con-
sequences of COPD on individuals, families, healthcare organizations and society are 
substantial (Sullivan et al., 2000). It is also one of the main causes of disability in the 
world, particularly in developing countries. For these reasons, COPD is the chronic res-
piratory disease that represents the most significant, and ever increasing, world-wide 
public health problem; its epidemiological, clinical, social and economic impact will 
increase in the near future making it the third most important cause of dead in the 
next 10-15 years (Dal Negro, 2008). This growing of the burden of COPD is partly due 
to the ageing of the world’s population and partly to the continued consumption of 
tobacco which is the most important risk factor for this disease (Buist et al., 2007). 

The objective of this report is to achieve the knowledge of the social, functional and 
economic burden of illness and the cost-effectiveness of prevention strategies and 
treatments. All this information will promote the general knowledge of COPD. This 
knowledge is needed to better afford the needs of those who search for ways to mi-
nimize the cost impact of chronic disease (financers of health care services) and those 
who seek to optimize the health of those under their care (delivers of health services). 

In this introduction several points will be developed with the intention to explain some 
concepts that will be further used in the report. Those concepts will be: diagnosis, due 
to its big importance in the definition of the number of people affected by COPD; the 
most important risk factors will be developed in order to better understand the differ-
ent epidemiologic data found; and a explanation of the most frequent ways of calcula-
tion of the economic burden caused by COPD to the society will be made. 

1.1. Diagnosis 

COPD is characterized by airflow limitation that is not fully reversible. The airflow limi-
tation is usually both progressive and associated with abnormal inflammatory re-
sponse of the lungs to noxious particles or gases. Symptoms, functional abnormalities 
and complications of COPD can partly be explained on the basis of this underlying in-
flammation and the resulting pathology. These changes may also have systemic conse-
quences (European Respiratory Society et al., 2003). 

The impact of COPD on an individual patient depends on the degree of airflow and the 
severity of symptoms (especially breathlessness and decreased exercise capacity). In 
this sense, the characteristic symptoms of COPD are chronic and progressive dyspnea, 
cough and sputum production. Chronic cough and sputum production may precede 
the development of airflow limitation by many years, but, sometimes, significant air-
flow limitation may develop without chronic cough and sputum production (GOLD, 
2008). 
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All those symptoms together with the spirometry measures are used to divide the ill-
ness in four different stages (GOLD, 2008). These stages are described in chart 1. Spi-
rometry is the first method used in the diagnosis of COPD. But, spirometry has been 
shown as a method with no relation with the ability of performing daily activities, the 
quality of life related to health status and the management of sanitary resources and 
for this reason should not be used as a daily method for the control of the illness (Kete-
laars et al., 1996). 

Chart 1. Description of the different stages of COPD (GOLD, 2008) 

Stage I - Mild COPD: This stage is characterized by mild airflow limitation. Symptom 
of chronic cough and sputum production may be present, but not always. At this 
stage, the individual is usually unaware that his or her lung function is abnormal. 

Stage II – Moderate COPD: This stage is characterized by worsening airflow limita-
tion, with shortness of breath typically developing on extension and cough and spu-
tum production sometimes also present. Patients in this stage typically seek medical 
attention because of chronic respiratory symptoms or an exacerbation of their dis-
ease. 

Stage III – Severe COPD: This stage is characterized by further worsening of airflow 
limitation, greater shortness of breath , reduced exercise capacity, fatigue and re-
peated exacerbations that almost always have an impact on patients quality of life. 

Stage IV – Very severe COPD: At this stage, quality of life is very appreciably impaired 
and exacerbations may be life threatening. 

While the importance of making an accurate diagnosis is not in doubt for patients with 
diabetes or chronic renal failure, it has been a slow process to adopt a similarly rigor-
ous approach to respiratory conditions, especially COPD. Thanks to the efforts of many 
organisations, especially the European Respiratory Society (ERS), the American Thorac-
ic Society (ATS) (American Thoracic Society et al., 2004), and the Global Initiative for 
Chronic Obstructive Lung Disease (GOLD) programme (GOLD, 2008), there is now a 
much wider appreciation of the need for objective diagnosis in common conditions 
such as COPD (Calverley, 2008) (Chart 1). 

But, there are some problems with spirometric measurements performed in the pri-
mary care settings to be used as a COPD diagnosis method. One of these is its accuracy 
(Zielinski et al., 2006). Several studies have found insufficient quality of spirometries 
performed in the primary care setting (Eaton et al., 1999; Schermer et al., 2003), which 
is in contrast with the high repeatability of spirometries performed by experienced 
personnel reported by other authors (Enright et al., 2004). Another problem is related 
to the misuse of the spirometric routine in the health care providers, mainly due to 
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the poor recognition of the role of spirometry in the diagnosis of COPD and also the 
lack of knowledge in conducting and interpreting the test (Joo et al., 2009). 

Despite of this, we are facing a costly but preventable disease that has substantial im-
plications for the populations, and that is highly underdiagnosed and overdiagnosed 
both at the same time. All these  problems with the diagnosis method used make that 
many people suffering from COPD are not properly diagnosed and at the same time, 
many people who has been diagnosed with COPD show other diseases that cause res-
piratory problems when, finally, they perform an spirometry test (GOLD, 2008; Joo et 
al., 2009). 

All this makes the interpretation of measurements of the prevalence of disease and 
mortality and intercountry comparisons extremely problematic. This is mainly due to 
several facts: 

 COPD has been widely underdiagnosed due to de difficulties found in the 
spirometric methodology (Eaton et al., 1999; Schermer et al., 2003; Joo et al., 
2009). 

 The existence of misuse of spirometry and, therefore, the different 
methodologies used in the diagnosis of COPD, due to de inexistence of 
standardized protocols (Calverley et al., 2000; Calverley, 2008). There are 
different ways of diagnosis focuses. These are medical diagnosis, diagnosis 
based in the presence of simptoms and diagnosis based in the presence of 
limitation in the airflow (with or without using bronchodilator). The method 
used in the diagnosis will produce different results in the epidemiology studies 
(Soriano et al., 2007). 

 The COPD term has not been widely used by physicians or other health 
professionals and in many cases it has not been recognized by the public until 
recent years (European Respiratory Society et al., 2003). This is mainly due to 
the fact that COPD has been considered as a heterogeneous group of diseases 
with similar manifestation and includes disparate and overlapping disease 
processes such as chronic bronchitis, emphysema, asthma, bronchiectasis, and 
bronchiolitis (Stockley et al., 2009). 

 The high presence of comorbid pathologies in COPD patients make this illness 
underappreciated as a contributor to mortality (Mannino et al., 2006; Mannino 
et al., 2007). 

The importance of a correct diagnosis of the illness is out of any doubt. Setting the 
correct treatment program to the patient, taking into account his stage of the illness 
can decrease his symptoms and improve his quality of life (Joo et al., 2009). 
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1.2. Risk factors 

The risk of developing COPD has been related to an interaction between genetic fac-
tors and many different environmental exposures, which could also be affected by 
comorbid disease. The risk factors are the following (Mannino et al., 2007): 

 Genetic factors: Several genes have been implicated in COPD, and some com-

plex relations between the lung function of parents and children have been de-

scribed (Mannino et al., 2006). Also, some genes have been implicated in COPD 

(Keatings et al., 2000; Celedon et al., 2004). 

 Tobacco smoke: Worldwide, tobacco smoke remains the most important cause 

for COPD. In this sense, genes show their importance because not all smokers 

develop COPD. Lately, however, a much higher proportion of smokers have 

been noted to develop COPD (Mannino et al., 2006). 

 Occupational dust, vapors and fumes: Exposure to various dusts, chemicals, 

vapors and fumes in the workplace is a factor for many people with COPD. 

Available data estimates that 19,2% of COPD cases in the USA where attributa-

ble to work exposures (Hnizdo et al., 2002).  

 Indoor air pollutants: Globally, the most important risk factor for development 

of COPD might be exposure to biomass fuel such as coal, straw, animal dung, 

crop residues, and wood which are used to heat and cook in poorly ventilated 

homes ()(Lopez et al., 2006b). 

 Outdoor pollutants: The risk attributable to outdoor pollutants in development 

of COPD is much smaller than that for indoor air pollutants (Lopez et al., 

2006b). 

 Ageing: COPD prevalence, morbidity and mortality increase with age. Lung 

function reaches its peak level in young adults and starts to declines in the third 

and fourth decades of life. In fact, one reason for the increasing prevalence of 

COPD in recent years is the changing demographics of the world’s population. 

The result is that a larger proportion of the world’s population id living longer 

and is at risk for chronic medical disorders such as COPD (Jemal et al., 2005; 

Mannino et al., 2006). 

 Infections: Infections have an important role in both development and progres-

sion of COPD. Exposure to infection in early life could predispose an individual 

to suffer respiratory problems during his life. Most COPD exacerbations are re-

lated to bacterial or viral infections (Wedzicha et al., 2007).  
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 Asthma: Increased bronchial responsiveness, a hallmark of asthma, leads to 

development of COPD, although this topic remains controversial (Soriano et al., 

2003).  

 Gender: The role of gender in development and progression of COPD is contro-

versial. Historically, COPD has been far more frequent in men than in women, 

related to patterns of smoking and occupational exposures. Lately, however, 

COPD prevalence seems to be becoming equal in men and in women from high 

income countries in which smoking habits are similar between sexes (Silverman 

et al., 2000; Mannino et al., 2002; de Torres et al., 2005; Lopez et al., 2006b). 

 Socioeconomic and related factors: Poor populations tend to have a higher risk 

of developing COPD and its complications than their wealthier counterparts 

(Lopez et al., 2006b). However, poverty is regarded as a surrogate measure for 

many factors that subsequently increase the risk of COPD, such as poor nutri-

tional status, crowding, exposure to pollutants including high work exposures 

and high smoking rates (in countries of low and middle income), poor access to 

health care, and early respiratory infections (Anto et al., 2001). 

1.3.  The burden caused by illnesses: how to quantify it. 

Several aspects can be taken into account when defining the burden that an illness 
causes to the society. In one side, the epidemiology studies analyze how the illness 
affects the population. This analysis is based on public health and preventive medicine 
and it is used in health research for identifying risk factors for disease and determining 
optimal treatment approaches to clinical practice. Some definitions related to epide-
miology terms can be found in chart 2. 

Chart 2. Epidemiology definitions 

Epidemiology is the scientific study of the causes, distribution, and control of disease 
in populations. 

Mortality is the ratio of deaths in a population during a determined period of time. 

Morbidity is the Ratio of people who fall ill in a defined time and place 

Prevalence is the ratio (for a given time period) of the number of occurrences of a 
disease or event to the number of units at risk in the population. 

On the other side, also the economical cost of an illness is calculated, studied and eva-
luated. The concept of Economic burden, or cost-of-illness, and the studies related to it 
provide insight into the economic impact that illness has on society as well as on indi-
viduals and families. This approach separates economic burden into disease direct and 
indirect costs (Sullivan et al., 2000). 
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Direct costs are associated with medical treatments and care, representing the direct 
burden of COPD on the healthcare system. These costs include the cost of medicines, 
care providers, hospitalizations, appointments, ambulatory care, and more. These 
costs are related to the health service and societal perspective (Dal Negro, 2008). 

Indirect costs, on the other hand, are less tangible, associated with the costs of mor-
bidity and premature mortality; these costs include the loss of productivity or work 
time as a result of illness or premature death as well as costs to the families of those 
affected by COPD; in other words, the value of what could have been accomplished if 
the disease was not present. These costs are related to the societal and patients pers-
pective.  

For the calculation of direct costs, the outcome measures should be based upon the 
aim and intended use of the evaluation. The National Institute for Health and Clinical 
Excellence (NICE) recommends the QALY analyses as the appropriate way to make 
comparative assessments of value for money within a health system. Although not 
universally accepted, the QALY is nevertheless acknowledged as the most popular 
measure of utilities for making comparative assessment of the value for money of al-
ternative treatment choices. The QALY quantifies changes in utility over the life of the 
patient and has two components: quality and quantity of life. A graphic representation 
of the QALY concept is shown in figure 1. 

Figure 1.  Quality Adjusted Life-Year profiles for a hypothetical patient with and without a treatment 
intervention. Profiles weight length of life by quality of life on a zero-one scale where one represents 
perfect health and zero death. In a chronic disease such as COPD, exacerbations might result in reduced 
quality of life for a period of time with incomplete recovery (Briggs et al., 2009). 

 

 

The QALY is, thus, a measure of disease burden, including both the quality and the 
quantity of life lived (National Institute for Health and Clinical Excellence, 2009). It is 
used in assessing the value for money of a medical intervention. The QALY model re-
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quires utility independent, risk neutral, and constant proportional tradeoff behavior 
(Pliskin et al., 1980). This concept is based on the number of years of life that would be 
added by the intervention. Each year in perfect health is assigned the value of 1.0 
down to a value of 0.0 for death. If the extra years would not be lived in full health, for 
example if the patient would lose a limb, or be blind or have to use a wheelchair, then 
the extra life-years are given a value between 0 and 1 to account for this. 

Recently, the meaning and usefulness of the QALY is being debated (Prieto et al., 2003; 
Schlander, 2007; Mortimer et al., 2008). These authors claim that perfect health is 
hard, if not impossible, to define. Some argue that there are health states worse than 
death, and that therefore there should be negative values possible on the health spec-
trum (indeed, some health economists have incorporated negative values into calcula-
tions). Determining the level of health depends on measures that in some cases place 
more importance on physical pain or disability than in mental health. In addition, the 
effects of a patient's health on the quality of life of others (e.g. caregivers or family) do 
not figure into these calculations. 

Once the QALY measurement has been used to compare how much someone’s life can 
be extended and improved, the cost effectiveness can be calculated. Cost effectiveness 
means how much the drug or treatment costs per QALY. In other words, cost-
effectiveness is the cost of using the drugs to provide a year of the best quality of life 
available. This term can be calculated for one person receiving one QALY, but is more 
likely to be calculated as a number of people receiving a proportion of a QALY. Cost 
effectiveness is then expressed as monetary unit per QALY (National Institute for 
Health and Clinical Excellence, 2009). 

An example of the calculation of the cost effectiveness for a treatment is shown in 
chart 3. 

Chart 3. Example of QALY calculation (National Institute for Health and Clinical Excellence, 2009) 

Patient x has a serious, life-threatening condition. 

If he continues receiving standard treatment he will live for 1 year and his quality of 
life will be 0.4 (0 or below = worst possible health, 1= best possible health)  

If he receives the new drug he will live for 1 year 3 months (1.25 years), with a quality 
of life of 0.6. 

The new treatment is compared with standard care in terms of the QALYs gained: 

Standard treatment: 1 (year’s extra life) x 0.4 = 0.4 QALY 

New treatment: 1.25 (1 year, 3 months extra life) x 0.6 = 0.75 QALY 
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Therefore, the new treatment leads to 0.35 additional QALYs (that is: 0.75 –0.4 QALY 
= 0.35 QALYs). 

The cost of the new drug is assumed to be £10,000, standard treatment costs £3000. 

The difference in treatment costs (£7000) is divided by the QALYs gained (0.35) to 
calculate the cost per QALY. So the new treatment would cost £20,000 per QALY. 

In the calculation of the cost effectiveness, each drug is considered on a case-by-case 
basis. Taking into account that the reimbursement of one treatment will displace 
health care resources spent on other treatments within the health system (so called 
opportunity cost), it is important to ensure that the treatment reimbursed provides 
sufficient value for money. For this reason, a “guide price” or a threshold from which it 
can be decided whether or not any one treatment should be reimbursed by the health 
care system is necessary. In the United Kingdom, NICE’s documented threshold is said 
to be between £20,000 and £30,000 per QALY (Rawlins et al., 2004). This means that 
below £20,000 per QALY there is a high probability of the technology being accepted 
and that above £30,000 per QALY there is less chance of the technology being ac-
cepted. 

Another concept quite used in the cost-effectiveness calculation is the so called incre-
mental cost-effectiveness ratio, or iCER ratio, which represents the additional cost of 
one unit of outcome gained, for example a QALY, by a healthcare intervention or strat-
egy, when compared to the next best alternative, mutually exclusive intervention or 
strategy. The iCER is calculated by dividing the net cost of the intervention, by the total 
number of incremental health outcomes prevented by the intervention (for example 
calculated QALYs).  

On the other hand, and regarding indirect costs, those are referred to the morbidity 
and mortality caused by the disease. They establish the impact that the disease may 
have on national production. The most commonly used method of calculation is based 
on human capital in which days of work, whether due to disease or death, are trans-
formed into monetary units by the application of the mean returns.  This method has 
been extensively criticized. One of the reasons for the criticism is that this method 
does not include the collectives that are not integrated in the labor market, such as 
children, the elderly, housewives, etc. In those groups can be included people affected 
by COPD, for example. 

The understanding of the epidemiology of a disease, as well as the estimates of the 
disease costs is important for appreciating the overall disease burden and is useful for 
estimating the disease effects in both the patients themselves and society. Estimates 
of the economic burden of a disease are important for informing policy decisions. 
Healthcare decision makers use information on the magnitude of cost associated with 
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a disease and what might reasonably be expected in the future when making resource-
allocation decisions. The cost estimates of the components of a disease are vital for 
developing health economic models of diseases (Chapman et al., 2006). 

In this report a whole analysis of the economical burden and economical costs of the 
COPD illness will be developed with the aim of developing a healthcare and care man-
agement service based in the AMICA system that allow the development of valuable 
business models for the exploitation of the project results. 

In order to develop the present report, the methodology used has been the following. 
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2. METHODOLOGY 

The methodology that has been followed in order to achieve the planned objective of 
this report started with an exhaustive search of bibliography in different sources:  

 Medical and scientific journals and books (Chest, European respiratory Journal, 
Thorax, Respiratory Medicine, etc.). 

 National and International databases (WHO, Eurostats, etc.). 

 National health system web pages (NICE, Department of Health and Human 
Services. Centers for Disease Control and Prevention, etc.). 

 Results form other European and National research projects (6th Framework 
Programme, 7th Framework Programme, National projects, etc.) 

 National and International COPD management guidelines (GOLD Guidelines, 
European Lung White Book, GARD Book, ATS-ERS Guidelines, etc.). 

The performed search has been focused in some parameters:  

 Some key words have been used: COPD; pulmonary; obstructive; costs; burden; 
chronic; epidemiology; cost-effectiveness. 

 The information has been centred in some countries (USA, UK, Norway, 
Sweden, Germany, Spain and Greece). 

 It has been selected the most recent information available. 

 Once all the relevant information was found, a systematic work was made in 
order to resume the information and summarize it in the present report. 

The summary of all the information recorded, will start with the description of the 
Economical burden of the illness. 
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3. EPIDEMIOLOGY 

Epidemiology is the study of diseases from a population-based perspective; it involves 
the factors affecting disease rates and the distribution of disease and disabilities in 
populations. Thus, it can be divided into mortality, morbidity, prevalence and inci-
dence. 

Epidemiology studies give an idea of the health status of the population in relation to 
the illness studied. They are also used for the inference of economic costs and burden 
that such illness causes to the patients themselves and the society. 

In this point, the three main components of the epidemiology will be analyzed regard-
ing to COPD: mortality, morbidity and prevalence. Besides, the most important risks 
factors of the illness will be taken into account in the analysis of the situation. 

Before starting with the analysis of the epidemiology, it must be highlighted that the 
true rate of COPD within the general population is likely to be greater than that rec-
orded (see point 1.1 Diagnosis). As said before, on one side, there is much evidence 
that suggests COPD is heavily underdiagnosed worldwide (Calverley et al., 
2000);(Fukuchi et al., 2004; Zielinski et al., 2006) and in the other side, the rates of 
COPD in the different countries are affected by the different methods used in the di-
agnosis in each of them, and this is likely to be the situation, particularly among mild 
cases of COPD. This mixture in the existing data explains the great difference between 
the different statistics of organizations and countries.  

3.1. MORTALITY. 

The World Health Organisation estimates that deaths attributable to COPD are the 
fifth largest killer globally in developed countries and they accounted for 5% of adults 
deaths worldwide in 2001 (figure 2) and 2005, meaning between 2,75 to 3 million of 
deaths due to COPD those years (US Department of Health and Human Services., 2004; 
Lopez et al., 2006b; GOLD, 2008);(Soriano Ortiz et al., 2009) but the forecasts say that 
will become the third leading cause of death worldwide in 2020 (GOLD, 2008).  In fact, 
COPD is the only leading cause of death that still has a rising mortality rate (Gud-
mundsson et al., 2006). This increasing mortality is driven by the expanding epidemic 
of smoking and the changing demographics in most countries with more of the popula-
tion living longer.  
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Figure 2. Percentages of deaths respect total deaths by cause in the world in 2001. It is represented in 
red high income countries and in blue low and middle income countries. Data source (Lopez et al., 
2006b)  

 

Mortality data are rarely available and when available they usually underestimate 
COPD as a cause of death by around 50% (World Health Organization, 2007). This is 
due to several factors. On one side, it has been sown that COPD is highly underdiag-
nosed all over the world (Eaton et al., 1999; Schermer et al., 2003; Joo et al., 2009) and 
on the other side, frequently, the final defined cause of death is not COPD, even if the 
person was diagnosed with COPD, rather that the defined cause is frequently respira-
tory failure or even heart failure, etc. (Sin et al., 2006; Soriano Ortiz et al., 2009; Terza-
no et al., 2010). In fact, some available data suggests that COPD might be underappre-
ciated as a contributor to mortality, particularly when it could be an important comor-
bid disorder that leads to development of a lethal disease, such as lung cancer or 
stroke (Chapman et al., 2006; Mannino et al., 2006; Mannino et al., 2007);(World 
Health Organization, 2007) World Health Organization, 2007).  

The population risks and mortality rates are usually difficult to be interpreted at indi-
vidual level. Many people do not feel them as a near real personal risk. Table 1 shows a 
recent modeling approach to the mortatity risk for non-smokers, smokers and by age 
(Woloshin et al., 2008). Table 1 shows that COPD has the third higher risk after lung 
cancer and heart disease in smokers older than 60 years old but it is the last one in 
non-smokers. 
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Table 1.  Risk chart for smokers and non-smokers. The numbers on each cell mean the number of 1000 
men who will die in the next 10 years from each of the illnesses listed. Adapted from (Woloshin et al., 
2008). 
 

Age 
Smoking 
status 

COPD 
Heart 
disease 

Stroke 
Lung 
Cancer 

Pneumonia Accidents 
All causes 
combined 

 Men 

45 
Non-smoker <1 6 1 1 1 6 35 

Smoker 1 21 3 8 1 6 91 

60 
Non-smoker 1 32 5 2 2 5 115 

Smoker 16 56 11 59 3 4 256 

75 
Non-smoker 6 137 32 8 11 11 449 

Smoker 60 140 39 109 16 9 667 

 Women 

45 
Non-smoker <1 2 1 1 <1 2 25 

Smoker 2 9 3 7 <1 2 45 

60 
Non-smoker 2 14 4 3 1 2 84 

Smoker 18 31 8 41 2 2 167 

75 
Non-smoker 6 89 30 7 8 7 335 

Smoker 61 99 34 58 14 7 463 

 

Differences between geographic origins 

Making a geographical comparison can be seen that the proportion of deaths for COPD 
varies significantly between regions of the world. Of particular concern is the East 
Asian and Pacific region where COPD accounts for 10.8% of all deaths and where COPD 
is ranked as the second leading cause of death (table 2)(Lopez et al., 2006b).  

Table 2. Percentages of total deaths and number of position in the 10 leading causes of deaths ranking 
in 2001 per origin. Adapted from (Lopez et al., 2006b). 
 

Region 
Percentage of 
total deaths 

Number of 
position  

High income countries 3,8 5 

Low and middle-income countries 4.9 6 

East Asia and Pacific 10,8 2 

Europe and Central Asia 2,3 4 

Latin America and the Caribbean 3 7 

Middle East and North Africa 2,1 10 

South Asia 4,3 7 

Sub-Saharan Africa - - 

The distribution of the mortality rates in Europe is also shown in figure 3. Comparing 
data from USA and Europe it has been shown that while the mortality rate trend in 
USA and Canada is increasing, in Europe is decreasing. There is no obvious reason for 
this difference but, presumable factors such as awareness, changing terminology and 
diagnostic bias may contribute to these differences (GOLD, 2008). 
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Figure 3. Mortality rates of COPD in Europe (European Respiratory Society et al., 2003). 

 

The data for the countries relevant for the AMICA project, is shown in table 3. This ta-
ble shows a great difference between Europe and the USA, where USA (41,6) doubles 
the European ratio (18,7). This can be due to the different methodologies used for the 
calculations and the estimates made. The American ratio is even bigger if the number 
of deaths is calculated taking into account any mention of the Chronic lower respirato-
ry disease cause on the death certificate reaching 84 deaths each 100.000 inhabitants. 
America, which has the higher ratio, is followed by UK and Norway, having both of 
them ten points more than the rest of the countries (29 and 28 respectively). All the 
rest, Spain, Germany, and Sweden have all nearly the same ratio between 15.9 to 19,5) 
and the lowest belongs to Greece (11,1) 

Table 3. Number of deaths in absolute number and by ratio (number of deaths per 100.000 inhabitants) 

 
Period Absolute number Ratio 

European Union
a
 2007 154.277 18,7 

Spain
a
 2007 15.699 19,5 

Greece
a
 2008 2.173 11,1 

Germany
a
 2008 26.235 17,3 

Sweden
a
 2007 2.710 15,9 

Norway
a
 2008 2.103 28 

United Kingdom
a
 2007 29.473 29 

USA
b
 2004-2006* 125.834 41,6 

*Estimates are presented as three-year annual averages to obtain stable estimates. 
Source:

 a
(European Commission Eurostat, 2010); 

b
(Centers for Disease Control and Prevention. National 

Center for Health Statistics., 2010) Data correspondent to the J40-47 “Chronic lower respiratory diseas-
es” of the ICD10 codification. 

Regarding the different developing status of the regions in the world, other data show 
that in 2001, COPD was the fifth leading cause of death in high-income countries, ac-
counting for 3,8% of total deaths and it was the sixth leading cause of death in nations 
of low and middle income, accounting for 4,9% of total deaths (figure 2, table 2) (Lopez 
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et al., 2006b). On the other side, WHO estimates that in high-income countries, 73% of 
COPD mortality is related to smoking while low and middle income countries account 
for only a 40% (Lopez et al., 2006b). This data shows the great importance of smoking 
in the development of COPD in high income countries but, it is not so important in low 
and middle income countries where other risk factors have to promote the develop-
ment of the illness. These differences are mainly due to the fact that occupational and 
environmental exposures are in general more frequent in countries of low and middle 
income than in those with high income. In addition, the existence of early respiratory 
infections, tuberculosis and malnutrition, also have influence in the development of 
the illness (Mannino et al., 2007). 

Differences between sexes: 

Comparing the mortality rates due to COPD in European countries between men and 
women, it is shown that in 1990 it was two or three times higher in males than in fe-
males (70% in men against 30% in women), nevertheless, these differences are getting 
smaller recently (European Respiratory Society et al., 2003; Chapman et al., 2006) and 
in fact, 50,3% of the deaths attributable to COPD in 2000 in the USA where among 
women. This means a significant increase comparing with the data in 1990 (World 
Health Organization, 2007). 

Even more recent data shows that in 2001, the number of deaths between men and 
women where nearly the same being due to COPD 4,7% and 5.1% respectively of the 
total deaths. The higher percentage shown in women in both studies is attributed to 
the higher expectancy of life of women, it makes them to live longer and therefore, 
have more illnesses related to age. In number of people these data mean 1,21 millions 
of men versus 1,17 millions of women (Lopez et al., 2006b). Also, the estimated risk of 
dying between men and woman is nearly the same in COPD both in smokers and non-
smokers (table 1).  

3.2. PREVALENCE. 

In epidemiology, the prevalence of a disease in a statistical population is defined as the 
total number of cases of the disease in the population at a given time, or the total 
number of cases in the population, divided by the number of individuals in the popula-
tion (chart 2). It is usually shown as a percentage. 

Until recently, most of the information available on COPD prevalence came from high 
income countries. Even in these countries, data greatly underestimate the total burden 
of COPD because the disease is usually not diagnosed until it is clinically apparent and 
moderately advanced and the definition of COPD varies between studies (World 
Health Organization, 2007). Another relevant problem in the prevalence calculation of 
COPD is the different methods for the diagnosis that can be used (GOLD, 2008) (see 
point “1.1 Diagnosis”) and the different methods used in the data calculation (Mannino 
et al., 2007).  
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The Global Burden of Disease Study has estimated the worldwide prevalence of COPD 
as 834 per 100.000 people. This means that approximately 44 million cases of people 
suffering COPD worldwide, or in other words, the same number of people as the whole 
Spanish population (European Respiratory Society et al., 2003). Other authors estimate 
the prevalence of physiologically defined COPD in adults aged 40 or more in between 
9-10% (Halbert et al., 2006) . 

Differences between geographic origins 

Great differences between countries have been found worldwide ranging from values 
of 3 to 23% (figure 4). These differences have been reported by several authors (Lopez 
et al., 2006a) and may be due to many factors including differences in diagnostic me-
thods (see point “1.1 Diagnosis”), year of study, age of the population, case definition, 
study design, sample size, data analysis and prevalence of the main risk factors such as 
tobacco smoking.  

Figure 4. Estimated prevalence of GOLD stage 2 or higher COPD. Estimates have been made in small 
regions of the listed countries and do not necesarily represent national prevalence estimates. Source: 
(Mannino et al., 2007)  

 

By regions, the highest values of prevalence have been found in South-East Asia fol-
lowed by the Western Pacific (table 4). This data agrees with the mortality (see point 
3.1 “Mortality”) where the highest values were found in East Asia and Pacific (table 2). 
Both of these data show the high number of people affected by this illness in the Asian 
countries. Some authors explain this fact by the phase of the tobacco epidemic in the 
region and the importance of other risk factors in these countries. Regarding the first 
point, the highest prevalence of smoking has been found in Asia, which is experiencing 
a smoking epidemic at the same time as the prevalence for smoking is falling in the 
Western world. Other risk factors such as occupational exposures to dust, vapors and 
fumes can cause specific occupational respiratory diseases. Another important risk 
factors quite frequent in Asia are the combustion of biomass fuel for heating or cook-
ing in poorly ventilated homes, the ambient air pollution and the high prevalence of 
other respiratory illnesses in early childhood such as pulmonary tuberculosis and HIV 
positive status (Tan et al., 2008). 
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Table 4. Pooled prevalence estimate from different epidemiologic studies (95% confidence interval). 
Adapted from (Halbert et al., 2006). 

Pooled prevalence 

Africa no data available 

Americas 4.6 (2.8-7.6) 

Eastern Mediterranean no data available 
Europe 7.4 (5.9-9.3) 

South-East Asia 11.4 (4.4-26.4) 

Western Pacific 9.0 (3.0-24.1) 

Regarding the European countries, it has been calculated that the prevalence of clini-
cally relevant COPD patients varies from 4 to 10% of the adult population with a consi-
derable increase with age, particularly among smokers (Lopez et al., 2006a). Figure 5 
shows the prevalence found in the different European countries (European Respiratory 
Society et al., 2003). The figure shows that Germany and Italy are the countries with 
higher COPD prevalence (more than 10%) followed by Spain, Greece, Norway, Nether-
lands and Slovakia (between 5 and 10%) . The lower rates were found in France, UK, 
Estonia and Lithuania (less than 2%). It has to be taken into account the high number 
of countries which have no data available about their prevalence on COPD. 

Figure 5. Prevalence rate (/100.000) of COPD in Europe (European Respiratory Society et al., 2003). 
 

 

For example, in Spain, the IBERPOC study, performed between 1996 and 1997, quanti-
fied in a 9,1% the prevalence of COPD in the Spanish population with ages comprised 
between 40 to 69. This data is not complete since the prevalence continues growing 
after the 70’s. Even that this data is quite old, the situation has not improved (Izquier-
do, 2003).  

In general, it has been detected a lack of good quality prevalence data from outside 
Europe and North America (Halbert et al., 2006). In this sense, The Burden of Obstruc-
tive Lung disease (BOLD) study is currently being carried out in different parts of the 
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world including low and middle income countries in order to improve the data regard-
ing the burden caused by COPD (Buist et al., 2007). This study compares the preva-
lence and burden of COPD across the world using the same protocol, including the 
BOLD questionnaire and spirometry. Some data are already available and show that 
the prevalence of COPD is far higher than is recorded. 

Differences between sexes 

In general, the prevalence of COPD is higher in men than in women (table 5) (Chapman 
et al., 2006; Lopez et al., 2006a). That is because smoking is a major risk factor in men 
but recently, some studies have found high rates non-smoking women in low and mid-
dle income countries. These rates may be associated with the use of biomass fuel 
(World Health Organization, 2007). In fact, many studies have identified biomass 
smoke as a primary risk factor for COPD in rural areas. It has been shown that women 
using biomass fuel for cooling have increased prevalence of respiratory symptoms at-
tributable to COPD and substantially greater decline in lung function than women who 
do not use these fuels (Lopez et al., 2006a; Salvi et al., 2009). 

Table 5. Pooled prevalence estimate from different epidemiologic studies (95% confidence interval). 
Adapted from (Halbert et al., 2006). 

Pooled prevalence 

Male 9.8 (8.0-12.1) 

Female 5.6 (4.4-7.0) 

Effects of smoking 

The prevalence of COPD is appreciately higher in smokers and ex-smokers than in non 
smokers (table 6) (Chapman et al., 2006; Chapman et al., 2006; Halbert et al., 2006). 

Table 6. Pooled prevalence estimate from different epidemiologic studies (95% confidence interval). 
Adapted from (Halbert et al., 2006). 

Pooled prevalence 

Smoker 15.4 (11.2-20.7) 

Ex-smoker 10.7 (8.1-14) 

Never-smoker 4.3 (3.2-5.7) 

Effects of age 

It has been widely demonstrated that the prevalence is higher in people over 40 years 
old than those under 40 (table 7) (Chapman et al., 2006; Halbert et al., 2006). 

Table 7. Pooled prevalence estimate from different epidemiologic studies (95% confidence interval). 
Adapted from (Halbert et al., 2006). 

Pooled prevalence 

<40 years 3.1 (0.8-5.0) 

≥40 years 9.9 (8.2-11-8) 
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In fact, data from both the United States and the United Kingdom show that the pre-
valence of COPD is comparatively small among the under 45 years old but increases 
markedly throughout later years (US Department of Health and Human Services., 
2004). For example, in UK, prevalence is approximately 1% of the general population, 
increasing with age to around 5% of men between 65 and 74, rising to 10% in men 
over 75 (Calverley et al., 2000).  

3.3. MORBIDITY. 

As said in chart 2, morbidity refers to the ratio of people who fall ill in a defined time 
and place. Morbidity measures traditionally are based in physician visits, emergency 
department visits and hospitalizations and in general, morbidity from COPD is high, 
compared to other illnesses. Patients need frequent primary and secondary care input. 
In fact it is predicted that COPD will rank seventh in 2030 as worldwide burden of dis-
ease (World Health Organization, 2007). 

COPD morbidity data are no more reliable than mortality or prevalence, since the vari-
ous ways of measuring morbidity are prone to external factors such as the availability 
of hospital beds, local and regional use of filters from primary to secondary care, the 
coding for utilization being affected by reimbursement patterns and other such poten-
tially biasing factors (Chapman et al., 2006). Despite this, the access to reliable morbid-
ity data is of great importance because it can be used as a measure of health services 
needs and the costs related to them. In fact, Due to the main characteristics of the 
illness and the difficulty found in the differences of its diagnosis, the limited data avail-
able about morbidity due to COPD is that it increases with age and it is greater in men 
than in women. In fact, COPD in its early stages is usually not recognized, diagnosed 
and treated, and therefore may not be included as a diagnosis in a patients medical 
records (GOLD, 2008). 

Hospitalizations attributable to COPD, as said before, are common and their frequency 
is recognized as a prognostic marker (World Health Organization, 2007). In fact, the 
European Respiratory Society White Book (European Respiratory Society et al., 2003) 
states that the number of hospitalizations for COPD in 1993 in Germany was 125.000, 
in Italy 40.000 and in the United Kingdom 73.000. Hospitalizations attributable to 
COPD are sharply increasing in most countries (World Health Organization, 2007).  

Table 8 shows the number of hospital discharges in the AMICA project relevant coun-
tries. 

 

 

40-64 years 8.2 (6.5-10.3) 

≥65 years 14.2 (11.0-18.0) 
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Table 8. Numer of hospital discharges by absolute number and by ratio (number of hospital discharges 
per 100.000 inhabitants). 

 
Period Absolute number Ratio 

European Union - - - 

Spain
a
 2007 85.020 189.4 

Greece - - - 

Germany
a
 2007 209.192 254.3 

Sweden
a
 2006 17.041 187,7 

Norway
a
 2007 137.907 220.9 

United Kingdom
a
 2007 10.402 226.1 

USA
b
 2006 557.000 187 

Source: 
a
(European Commission Eurostat, 2010); 

b
(Centers for Disease Control and Prevention. National 

Center for Health Statistics., 2010)
 a

Data correspondent to the J40-44,47 “Chronic obstructive pulmo-
nary disease and bronchiectasis” of the ICD10 codification. 
b
Data corresponding to “Chronic Obstructive pulmonary disease” 

The higher ratio for hospital discharges belongs to Germany, followed nearly by UK 
and Norway. Susprisingly and despite the high level of mortality found in the USA, the 
hospital discharge there is not that high. Greek and European data for hospital dis-
charge is not available (European Commission Eurostat, 2010). 
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4. ECONOMICAL DATA 

Taking into account the difficulties found in the study of the epidemiology of the illness 
due mainly to the different methodologies for the diagnosis, the available economical 
data is very heterogeneous and variable depending on the year and the origin of the 
study. In different countries has been shown that the mean annual cost of COPD has 
progressively increased over the last few years and this increase has been shown as a 
general trend in different countries. 

Besides, great costs per patient variations can be found across countries since these 
costs depend on how health care is provided and paid (Chapman et al., 2006). In fact, 
there is a direct relation between the severity of COPD and the costs of care This 
means that the distribution of costs change as de disease progresses (GOLD, 2008) 
making the stage of the illness another source of costs variability. This point will be 
further developed in point “4.2 Costs per stage of the illness”. 

In this section the report will approach the costs of the illness from four different pers-
pectives. First, the costs in the different countries and the variability in the data availa-
ble from each of them will be discussed. Some countries have been selected to be in-
cluded in the report as it is explained in sections 0.4 “Document structure” and 2. “Me-
thodology”. Secondly, the importance of the stage of the illness in the increase of costs 
will be analyzed. For the last, both COPD treatments and programs will be described 
from the point of view of the cost effectiveness related to them. 

4.1. COSTS PER COUNTRY 

It is well-known that COPD is a very costly disease, but as COPD is frequently not listed 
as the underlying cause of death or the primary reason for hospitalization, as noted 
above (see point “3.1 Mortality”), these costs estimates may make the true cost of 
COPD underestimated (Mannino et al., 2006). 

The situation of the selected countries is the following: 

United States of America 

COPD is a leading cause of death, illness, and disability in the United States. Between 

2004 and 2006 the annual average of deaths was calculated in more than 125,000 (ta-

ble 3) and 557,000 hospital discharges being COPD the main cause of admission in 

hospital in 2006 (table 4). An additional 8 million cases of hospital outpatient treat-

ment or treatment by personal physicians were linked to COPD in 2000 (Department of 

Health and Human Services. Center for Disease Control and Prevention, 2009).  

The evolution of the estimated total annual costs of the illness in the USA in recent 
years has been the following: 



Work Package WP6–Health Economics, Service & Business Models 
Deliverable 1 – Health Economical Analysis. 

 

 Project partially funded by the European Commission  
as part of the Ambient Assisted Living (AAL) Program 

 

 

Se
ct

io
n

 : 
EC

O
N

O
M

IC
A

L 
D

A
TA

 

28 

 

 In 1993 (Sullivan et al., 2000) the United States’ economic costs of morbidity 

and mortality where estimated in US$23.9 billion (approx. more than 18.4 bil-

lion Euros). From these, US$14.7 billion  (approx. 11.3 billion Euros) were due 

to direct costs and US$9.2 billion (approx. 7.1 billion Euros) were due to Indi-

rect Costs shared in US$4.7 billion (approx. 3.6 billion Euros) in indirect morbid-

ity and US$4.5 billion (approx. 3.5 billion Euros) in costs related to premature 

mortality. 

The same study determined that the largest contributor to the cost of COPD is 
hospitalization. Combining disease prevalence and illness burden, COPD costs 
an average of US$1,522 (approx. 1,150 Euros) per person per year or almost 
three times the per capita cost of asthma.  

 In 2000, the total annual costs of COPD in the US increased by more than 30%, 

reaching US$31 billion (approx. 51.6 billion Euros), with a substantial increase 

in indirect costs (Ramsey et al., 2004).  

 In 2002, the direct costs of COPD totaled US$18 billion (approx. 19.3 billion Eu-

ros) and the indirect costs totaled US$14.1 billion (approx. 15.1 billion Euros) 

(GOLD, 2008) making a total of US$32.1 billion (approx. 34.4 billion Euros). 

 In 2003, the US National Heart, Lung, and Blood Institute estimated that total 

costs (direct and indirect) of COPD where US$32.1billion (approx. 27.3 billion 

Euros) with direct costs of US$18.0 billion (approx. 15.3 billion Euros) (Mannino 

et al., 2007). 

 A further increase was assessed in 2004, with an estimated cost of US$37.2 bil-

lion (approx. 30.5 billion Euros) (Ramsey et al., 2004) 

Taking into account this data, the distribution of costs of the USA total expenditures in 
COPD are the following (Sullivan et al., 2000): 

 Inpatient hospitalization and emergency department accounted for the 72.8%;  

 outpatient clinic and office visits accounted for the 15%.  

 drug prescription accounted for the 12.2%.  

In 2005, the cost per patient was estimated at US$2,700-5,900 (approx. 2,194-4,794 
Euros) for attributable costs and at US$6,100-6,600 (approx. 4,956-5,362 Euros) for 
excess costs (Mannino et al., 2007).  

United Kingdom: 

As seen in the previous section, in the United Kingdom, the number of deaths ac-
counted for COPD were more than 29,000 (Table 3) and the number of hospital dis-
charges reached 10,000. (table 4).  



Work Package WP6–Health Economics, Service & Business Models 
Deliverable 1 – Health Economical Analysis. 

 

 Project partially funded by the European Commission  
as part of the Ambient Assisted Living (AAL) Program 

 

 

Se
ct

io
n

 : 
EC

O
N

O
M

IC
A

L 
D

A
TA

 

29 

 

In 1996 (Sullivan et al., 2000), the National Health Service Executive published data 
showing that the medical cost of COPD in the UK was approximately £846 million (ap-
prox. 1 billion Euros) or £1154 (about US$2300) (approx. 1,300 Euros) per person per 
year.  

In 2000, the estimated annual cost of COPD was £982 million (approx. 1.6 billion Euros) 
(Britton, 2003). 

Distribution of costs calculated is the following (Sullivan et al., 2000).:  

 Expenditures for pharmaceutical treatments accounted for the 47,5%;  

 Ambulatory oxygen therapy accounted for the 24,5%;  

 Hospital-based care accounted for the 17,8%; 

 Primary care and community based services accounted for the 10,2%.  

The annual direct cost per patient of COPD in the UK was estimated at £819.42 (ap-
prox. 1,300 Euros) in a study performed between 2000 and 2001 with 3,265 patients 
from the UK (Britton, 2003) In the same study, the indirect costs were estimated in 
£819.66 (approx. 1,300 Euros) making a total of £1639.08 (approx. 2,600 Euros). 

The average length of the stay among those admitted for a COPD diagnosis was 9.9 
days (Sullivan et al., 2000). 

Sweden and Norway: 

In 1991 (Sullivan et al., 2000), the expenditures for COPD related medical care in Swe-
den were estimated in £115 million (approx. 125 million Euros). The estimated indirect 
cost was an additional £152 million (approx. 165 million Euros). The total amount 
reached that year £267 million (approx. 290 million Euros). 

Spain: 

Different studies performed in Spain between the years 2003 and 2004 have studied 
the costs related to the illness to the Spanish healthcare system.  

In one of these studies (Masa et al., 2004), performed with 363 COPD patients, the 
estimated annual cost of COPD in Spain was calculated in €238.82 million (Masa et al., 
2004).  

Other study has calculated these costs in approximately €800 million in 1994 in Spain, 
including both direct and indirect costs. If only healthcare resources (direct healthcare 
costs) for COPD patients are examined, €319 million are spent annually from the focus 
of prevalence (Morera, 1992). 

On the other side, the same study made a calculation of the distribution of costs (Ma-
sa et al., 2004). This study concluded that two where the main items responsible of the 
medical COPD costs in Spain: 

 Hospitalization accounted for the greatest expenditure (41% of total),  
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 Drug therapy accounted for 37%.  

The cost per patient was estimated in €198.17 per year, and €910.57 per previously 
diagnosed patient and year in the same study (Masa et al., 2004). Despite this, other 
study made among 192 COPD patients estimated the medium cost per patient and 
year in 1.712€ (García-Ruiz et al., 2003). 

There are some other studies performed in Spain in the same years (Izquierdo, 2003; 
Miravitlles et al., 2003; Izquierdo-Alonso et al., 2004) and all this studies show remark-
able variation in the ,medium cost per patient and year estimated. The values shown 
vary from 910€ to 3238€. 

Germany 

The total direct costs in 2003 in Germany have been calculated in more than 32.000 
million € (Freytag et al., 2007).  

The cost per patient in Germany has been calculated in 664€ (836€ if ambulatory care 
is included) (Freytag et al., 2007). Even thought another study published earlier esti-
mated the annual cost per patient in 3027€ (Nowak et al., 2004). 

The distribution of costs has been calculated as follows (Freytag et al., 2007): 

 Drug prescriptions accounted for the 50,6% 

 Hospital care accounted for the 17,8% 

 Remedies accounted for the 6% 

 Medical devices accounted for the 5% 

 Ambulatory care accounted for 20,6% 

The average length of hospital stay for stages I, II and III was between 12,8 and 13,6 
days. For stage IV the length of stay is considerably higher reaching 15,9 days(Freytag 
et al., 2007). 

Greece 

There is no data available about the costs of COPD in Greece 

4.2. COSTS PER STAGE OF THE ILLNESS 

Costs increase as disease severity moves from moderate to severe (with a much small-
er increase between mild and moderate). As FEV deteriorates a general shift from out-
patient care to hospitalization, an increase in the use of oxygen therapy and a subse-
quent increase in total costs occurs, especially in the most advanced stages of the dis-
ease (Briggs et al., 2009); (Chapman et al., 2006).  

The increasing cost associated with the advanced stage of the disease is well illustrated 
in several studies. In a Swedish study performed with 212 patients with COPD, the 
smallest percentage (4%) of patients with severe disease accounted for 30% of the 
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total costs, whereas 83% of patients with mild disease generated only 29% of costs 
(Jansson et al., 2002). In other study performed in Spain, the cost per person of severe 
COPD was more than 3 times that of moderate COPD and more than 7 times that of 
mild COPD (55,67€ for mild, 114,98€ for moderate and 413,52€ for severe)(Masa et al., 
2004). 

Exacerbations are the leading drivers of cost in COPD. A serious exacerbation will lead 
to hospitalization; indeed an exacerbation is the main reason why a COPD patient 
would attend hospital. COPD patients take up around 1 million bed days per year in 
the United Kingdom alone (Briggs et al., 2009).  

In this sense, exacerbations and hospitalizations, in particular, constitute the most im-
portant direct healthcare costs associated with COPD. In fact, some studies have 
shown that the cost of hospital stay represents 40–57% of the total direct costs gener-
ated by patients with COPD, reaching up to 63% in severe patients (Chapman et al., 
2006); (Mannino et al., 2007). Moreover, it has been calculated that only the 10% of 
the people with COPD account for more than the 70% of the total medical care costs 
(Sullivan et al., 2000). 

For this reason, reducing or preventing disease progression and/or an exacerbation, 
(particularly severe exacerbations), will have a direct effect on the total cost of COPD. 
In England and Wales, McGuire calculated that for every exacerbation related hospital 
admission avoided, a total saving of approximately £1200 would be made (Briggs et al., 
2009). 

4.3. TREATMENTS AND COST-EFFECTIVENESS RELATED TO THEM 

The aim of the existing treatments for COPD, in the absence of a disease cure is to pre-
vent and control symptoms, reduce the frequency of exacerbations, improve health 
status and improve exercise tolerance (GOLD, 2008).  

As seen in point 1.3 “The burden caused by illnesses: how to quantify it” one mean of 
measuring costs is to ascertain how expensive a specific intervention would be per 
quality-adjusted life year of improvement. Using this approach, WHO estimates that 
costs per quality-adjusted life year for COPD range from US$6,700–8,900 (approx. 
5,000-6,600 Euros) for inhaled ipratropium to US$13,400 (approx. 10,000 Euros) for 
inhaled corticosteroids to US$238,200 (approx. 18,000 Euros) for lung transplantation, 
which are the most frequent treatments used (Mannino et al., 2007). 

Taking into account that the COPD management is additive, this means, as the disease 
progresses more treatments are added (Briggs et al., 2009). The treatments usually 
recommended for the stages of the illness and their cost-effectiveness are the follow-
ing (Briggs et al., 2009): 
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Mild COPD: 

Influenza vaccines are recommended to treat all COPD patients, regardless of severity. 
The cost for the vaccine for high risk people was found to be US$570 (€392) per life 
year saved. The Pnuemococcol vaccine is recommended for patients aged 65 years or 
over. For this subgroup, the cost-effectiveness ratio has been found to be between 
US$1.800 to US$2.200 (€1.238–1.513) per life year. Both vaccines represent good val-
ue for money. 

Use a short-acting bronchodilator, short-acting anticholinergic when necessary: One 
study modelled the costs and cost-effectiveness of theophylline compared to ipratro-
pium in moderate to severe COPD. In this case no Incremental Cost-Effectiveness Ratio 
(ICER) was calculated since ipratropium was found to be both less costly and more 
cost-effective than theophylline. Sometimes these products are combined and evi-
dence exists to support one such combination. One study examined the efficacy of 
ipratropium combined with albuterol, compared to each monocomponent in mod-
erate to severe COPD patients. The ICER for the combination product was not calcu-
lated: combining ipratropium with albuterol compared to albuterol alone was found to 
strictly dominate. 

Moderate COPD: 

Rehabilitation is a multifaceted approach which incorporates a wide range of pro-
grams to improve quality of life and functional independence and to reduce symptoms 
and disability for the patient. Areas within the rehabilitation program can include exer-
cise and physical training, psychological, social interactions, education around the dis-
ease, and about nutrition. A recent US study found a marked reduction in cost follow-
ing a rehabilitation program in terms of a reduction in health care utilization after 1 
year of treatment compared to the previous year of no treatment (Raskin et al., 2006). 
Another study reports that the cost-effectiveness of a rehabilitation program leads to 
overall gains in utility in the patients receiving rehabilitation and also a drop in total 
costs, compared to the control group. The probability that rehabilitation was cost-
effective was 90% at £10,000 and 95% at £17,000 (€ 24,405) (Griffiths et al., 2001). 
Given the data, rehabilitation seems to represent a cost-effective treatment. 

Add regular treatment with one or more long-acting btonchodilators/ anticholiner-
gic: Different studies have compared different existing treatments (Hogan et al., 2003; 
JONES et al., 2003; Oostenbrink, 2004; Oostenbrink et al., 2005; Maniadakis et al., 
2006; Rutten-van Molken et al., 2007). In those studies, formoterol, salmeterol, tiotro-
pium and ipratropium have been evaluated for their cost-effectiveness using the ICER 
ratio. The better cost-effectiveness was found in tiatropium in several of these studies 
(Oostenbrink, 2004; Oostenbrink et al., 2005; Maniadakis et al., 2006; Rutten-van Mol-
ken et al., 2007) 
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Severe COPD: 

Add inhaled corticosteroids if exacerbations are repeated: This kind of treatment has 
been found to be cost-effective when given to patients with stages of the illness mod-
erated and severe. 

Concretely, Fluticasone has been found to improve several clinical outcomes, including 
FEV and in the proportion of patients remaining exacerbation free compared to place-
bo (Ayres et al., 2003). 

Different studies have investigated the effects of joining a a 2-antagonist and a in-
haled corticosteroid.  

The first one studied the joining of Fluticasone and Salmeterol and concluded that the 

addition of a 2-antagonist to an inhaled corticosteroid may represent a cost-effective 
treatment in those patients who have a history of frequent exacerbations and poorly 
reversible COPD (Spencer et al., 2005). 

Another studied the combination of Budesonide and Formoterol and found this treat-
ment cost-effective. In fact, improvements were observed in terms of fewer accident 
and emergency admissions, hospitalizations and specialist visits. This treatment sup-
poses the payment of $2 (approx. 1.6 Euros) per day per avoided exacerbation (Lofdahl 
et al., 2005). 

Other study found that the addition of an inhaled corticosteroid to a 2-antagonist led 
to significant benefits in respiratory function and reduced the number of restricted 
activity days. On the other hand, the addition of an anticholinergic was found to be 
both expensive and of no long-term value (Rutten-van Molken et al., 1995). 

Very severe COPD: 

Oxygen therapy is recommended for use in some very severe patients in order to in-
crease the partial pressure of oxygen in the arterial blood (PaO2) and has three differ-
ent uses: to relieve dyspnea, to aid oxygen intake during exercise and for long term 
continuous treatment (GOLD, 2008). This kind of treatment causes a high proportion of 
outpatients costs for COPD patients but, its cost-effectiveness have not been studied in 
depth. 

Surgical treatments: There are several options including surgery between the available 
treatments for very severe COPD patients. 

Lung volume reduction surgery (LVRS) has become an available option for treating se-
verely disabling emphysema. It has been projected that widespread adoption of this 
procedure could cost the US health economy more than $6 billion (approx. 10 billion 
Euros) in the first several years of adoption (Sullivan et al., 2000). 
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This kind of intervention involves cutting away around 30% of the diseased lung tissue 
in order to increase the effectiveness and efficiency of the remaining lung and sur-
rounding muscle. It is only suitable for some patients with very severe COPD (Briggs et 
al., 2009). Because of the high cost effectiveness ratios calculated for this type of inter-
ventions ($190,000 [approx. 161,000 Euros] per QALY for three years or $53,000 [ap-
prox. 45,000 Euros] per QALY for 10 years) (National Emphysema Treatment Trial Re-
search Group, 2003) patients undergoing LVRS must be carefully selected taking into 
account the potential benefit of the intervention versus the possible risks and compli-
cations of the patient. 

A number of studies have estimated costs for LVRS. Total hospital costs ranged from 
$11,712 to $121,829 (approx. 19,500 to 200,000 Euros) and were significantly asso-
ciated with length of stay in the hospital, both in the ICU and in total length of stay. A 
small number of individuals incur extraordinary costs because of complications. The 
mean cost was $30,976 (approx. 51,600 Euros), and the median cost was $19,771 (ap-
prox. 33,000 Euros). Advanced age was a significant factor leading to higher expected 
total hospital costs (Sullivan et al., 2000).  

Lung transplantation is a costly but often effective therapy for severe emphysema. The 
lifetime expenditures for lung transplantation have ranged from $110,000 (approx. 
183,000 Euros) to well over $200,000 (approx. 333,000 Euros). In this case, unlike 
LVRS, the cost associated with lung transplantation remains elevated for months to 
years after surgery because of the high cost of complications in immunosuppression 
regimens (Sullivan et al., 2000). 

Even though that Several studies (Ramsey et al., 1995; Al et al., 1998 and Anyanwu et 
al. 2002) have found substantial gains in quality of life following lung transplantation, 
the evidence of an effect on survival was mixed. 

Bullectomy may be an option when a large air filled bulla exists that fills half of the 
thoracic volume and compresses the relatively normal adjacent parenchyma (Meyers 
and Patterson 2003). There is no cost-effectiveness information on this surgery option. 

4.4. COPD PROGRAMS: COST EFFECTIVENESS 

Some programs have been developed to complement the pharmacological treatments 
for the patients. The most important are the following: 

Smoking cessation: 

Investing resources in smoking-cessation programs is cost-effective in terms of medical 
costs per year of life gained. In fact is the single most cost effective way to reduce ex-
posure to COPD risk factors (GOLD, 2008) and it is recommended at all stages of the 
disease. 



Work Package WP6–Health Economics, Service & Business Models 
Deliverable 1 – Health Economical Analysis. 

 

 Project partially funded by the European Commission  
as part of the Ambient Assisted Living (AAL) Program 

 

 

Se
ct

io
n

 : 
EC

O
N

O
M

IC
A

L 
D

A
TA

 

35 

 

Interventions to assist individuals in quitting smoking include: counselling, nicotine 
replacement products and drug therapies (Bupropion, Nortriptyline and Varenicline) 
(Briggs et al., 2009). 

The median societal cost of various smoking-cessation interventions was approximate-
ly £17,000 (approx. 20,000 Euros) per year of life gained. The literature on smoking-
cessation cost effectiveness studies reports on face-to-face interventions such as nico-
tine transdermal patches, physician and other health professional counseling with and 
without patches, self-help and group programs, and community-based stop-smoking 
contests.  

Smoking-cessation programs produced cost-effectiveness ratios that ranged from £212 
(€304) to £873 (€1253) per year of life gained and were, thus, a very good health-care 
value for the National Health Service (Briggs et al., 2009). 

Supplemental home oxigen: 

Supplemental home oxygen is usually the most costly component of outpatient thera-
py for adults with emphysema who require this therapy. Reviews of the cost-
effectiveness of alternative outpatient oxygen delivery methods suggest that oxygen 
concentrator devices may be cost-saving compared with cylinder delivery systems (Pel-
letier-Fleury et al., 1996). 

Education and pulmonary rehabilitation programs 

Education and pulmonary rehabilitation programs have been shown to have beneficial 
effects in patients with COPD. Education programs have been promoted as an eco-
nomically attractive intervention for individuals with COPD (Ries et al., 1995). Some 
studies have shown an statistically significant improvements in dyspnea, fatigue, emo-
tional health, and mastery (Goldstein et al., 1997). 

An observational study with a small number of subjects found that patients in a pul-
monary rehabilitation program used fewer health-care services compared with those 
without rehabilitation. Because of study design limitations, it is unclear whether these 
results can be generalized to a larger, more diverse group of patients. The initial costs 
of the rehabilitation program may be offset if urgent care and emergency department 
visits or hospitalizations are subsequently reduced (Ries, 1990). 

4.5. EFFECTS OF TELEMONITORIZATION IN COPD COSTS AND BURDEN 

As seen before, in point 4.2”Costs per stage of the illness”, the most important COPD 
costs are due to the hospitalization needs caused mainly by the exacerbations events. 
Most of these hospitalizations could be avoided through the development of more 
responsible models of care that allow earlier recognition and treatment of exacerba-
tions (McKinstry et al., 2009). The telemedicine and telemonitoring systems are be-
lieved to be a proper way of reducing the hospitalizations in several illnesses. In fact, it 
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is increasingly accepted that changes in the way care is provided are needed to ensure 
quality and cost containment (de Toledo et al., 2006).  

In this point an analysis of effects of these systems in the control and monitorization of 
chronic illnesses in general and COPD in particular will be developed. In this sense, it 
will be developed the acceptance of this systems by users with special stress in the 
elderly, the economic impact of these systems at the moment and future perspectives 
and the benefits that they give to the society. 

Users’ acceptance 

Several studies have been performed with different telemedicine systems and differ-
ent pulmonary illnesses ((Jaana et al., 2009). In general, most of the telemonitoring 
studies presented positive results in relation to acceptance of the systems and tele-
monitoring programs (Maiolo et al., 2003; Pare et al., 2007). Patients showed a posi-
tive attitude, an increased feeling of security and reassurance and control over their 
medical condition, better knowledge and awareness about their disease, improved 
communication with health professionals and improvements in their caregivers’ know-
ledge and quality of life were reported. 

In this sense, the patient empowerment is one of the most important effects observed. 
This empowerment can be created by the direct involvement of patients in the care 
process and the associated increase in their knowledge and awareness about their 
respective medical condition (Pare et al., 2007). 

Some other benefits have been identified in other illnesses. For example, patients with 
heart failure indicate that a major issue in their care is the need for better access to 
specialist advice, including an identified contact for support with who is familiar with 
their medical condition. This wish can be at least partially addressed through telemoni-
toring, which both directly and indirectly increases contact with the health profes-
sional, and leaves the patient and their family less isolated. In this kind of systems, 
when help is sought the professional has easy access to up-to-date clinical information 
upon which to base their advice. In addition to this, the patient gains confidence that if 
there is a medical problem the healthcare professional is more likely to contact him 
(Riley et al., 2009). 

Regarding privacity, users present two different positions. On one side, people who 
have experience of being continuously activity monitored in their own homes can per-
ceive electronic care surveillance as freeing and as protecting their privacy, as it en-
ables them to continue living in their own home rather than moving to a nursing home. 
On the other side, few individuals, however, can experience a privacy violation (Essen, 
2008).  

Nevertheless, a decrease in adherence and compliance of patients with time has been 
detected in several studies (Pare et al., 2007). 

Potential benefits 
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At clinical level, it has been shown some positive effects of home telemonitoring on 
patients’ medical conditions, as for example, detection of complications, better disease 
control, inmediate feedback and adequate medication use. These positive effects of 
telemonitoring on patient condition and the overall process of care were also hig-
hlighted in several studies across several types of chronic conditions, including pulmo-
nary diseases. Specifically in these, where found in several studies the ability to identi-
fy early changes in the condition of patients, thus supporting immediate intervention 
and avoiding exacerbations. This clinical effectiveness of telemonitorization can be 
translated into a significant decrease in the hospital admissions, emergency depart-
ments visits and hospital length of stay (Pare et al., 2007). Nevertheless, there is not 
any study where these results are clearly demonstrated (Jaana et al., 2009). 

A good accuracy and reliability of the transmited data has been consistently reported 
in several studies, and the process of data transfer was performed successfully in most 
cases with minimal technical problems and errors (Pare et al., 2007).  

Other studies have found that long-term disease monitoring of patients at home is the 
most promising application at this time for delivering cost-effective quality care (Meys-
tre, 2005); a home telehealth system consisting of vital sign monitors and patient 
questionnaires reduced cost and improve quality-of-life for elderly users (Noel et al., 
2004); there is no difference in quality indicators between home patients receiving 
traditional home healthcare and those in telehealth intervention. Telemedicine has the 
potential to affect cost savings when use to substitute for some in-person visits (Johns-
ton et al., 2000). Also, some other benefits have been detected in the use of telemoni-
toring systems with elderly people, such as the prevention of falls (Horton, 2008). 

Economic viability 

In general, the assessment of the effects of telemonitoring on the use of health servic-
es has been very poorly studied. There is no solid evidence about effects of home te-
lemonitoring on the utilization of healthcare resources, and no in-depth analyses were 
conducted in most instances (Jaana et al., 2009). Besides, there isn’t any study regard-
ing the comparison of time spent by healthcare professionals in one or the other way. 

Some analysis have showed promising results and affordability of the telemonitoring 
systems related to respiratory illnesses, especially with technology advancement and 
decreased cost over the years (Jaana et al., 2009) and also, some of them presented 
evidence on its ability to produce savings (Maiolo et al., 2003; Pare et al., 2006). 

Between the available bibliography, there can be found studies assessing the economic 
viability of the telemonitoring and telemedicine systems used. For example, a study 
performed with COPD patients quantifies the net gain in a 15% by the means of the 
lower hospitalization rate found and less frequent home visits (Pare et al., 2006). In 
other study (Maiolo et al., 2003), performed with 20 COPD patients, the results show a 
significative reduction of hospital admissions (50%) and a significant decrease of acute 



Work Package WP6–Health Economics, Service & Business Models 
Deliverable 1 – Health Economical Analysis. 

 

 Project partially funded by the European Commission  
as part of the Ambient Assisted Living (AAL) Program 

 

 

Se
ct

io
n

 : 
EC

O
N

O
M

IC
A

L 
D

A
TA

 

38 

 

home exacerbations (55%) when the telemonitoring system was being used. The eco-
nomic saving in this study was calculated in 17%. 

On the other hand, there are some other examples that raise doubts about the cost 
effectiveness of the telemonitoring systems. For example, a cost-benefit analysis in-
volving patients with asthma suggested that telemonitoring will have limited cost-
effectiveness unless the cost of the technology decreases (Willems et al., 2007). In 
other study performed with a heart failure telemonitoring system that suggested a 
mean incremental cost per patient for the telemonitoring system in comparison to the 
control group, although the overall costs were not statistically significantly (Dar et al., 
2009). Some other studies performed to evaluate the effectiveness of telemonitoring 
systems can be found in chart 

Despite this, it is expected that with the development of technologies and infrastruc-
tures to support telemonitoring the incremental cost will decrease. 

Chart 4. Examples of studies performed with telemonitoring systems in several illnesses.  

Due to the lack of general studies reporting the cost-effectiveness of the telemonitor-
ing and telemedicine systems at general level, some more specific studies have been 
used in the analysis of the situation. Despite this, it must be taken into account the li-
mitations of the methods used. 

In this line, several studies have been made in order to determine the real benefits of 
the telemonitoring systems.  

Between 2003 and 2007, the census for Veterans Health Administration, within the 
Care Coordination/Home Telehealth (CCHT) program noticed an increase of patients 
from 2,000 to 31,570 (1,500% growth), predominantly male (95%) and aged 65 
years or older. Data analyzed from 17,025 CCHT patients showed a reduction in the 
number of bed days of care (25%),  a reduction in the number of hospital admissions 
(19%), and satisfaction score rating of 86% after enrolment into the program (Dar-
kins et al., 2008).  

In other study, patients received a disease-specific COPD self-management program 
("Living Well with COPD"; Boehringer Ingelheim Canada, Burlington, Ontario) con-
sisting of approximately 1 hour per week of teaching at home for 7 to 8 weeks. The 
program was supervised by experienced and trained health professionals (nurses, 
respiratory therapists, and a physiotherapist). Follow-up was conducted with pa-
tients by weekly telephone calls for 8 weeks (educational period) and then monthly 
calls for the remainder of the study. The results showed that hospital admissions for 
exacerbation were reduced by 39.8%, admissions for other health problems by 
57.1%, emergency department visits were reduced by 41.0% and unscheduled physi-
cian visits by 58.9%. Also, greater improvements in the quality-of-life were observed 
(Bourbeau et al., 2003). 

In 2002, a telemonitoring platform specific for COPD was developed (de Toledo et al., 
2006). It included several services specially designed for COPD patients (for example 
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ubiquitous access to an electronic chronic patient record and telephone support to 
patients). After the experience of the use of the platform with 157 COPD patients au-
thors of the study observed the following results: A significant reduction in the num-
ber of readmissions; This was mainly due to the prevention of exacerbations achieved 
by the early detection of symptoms. The system was well-accepted by both patients 
and professionals; In the evaluation of costs, it was seen that the cost of the system 
can be paid before the end of the first year. 
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5. CONCLUSIONS 

During the whole report it has been highlighted that COPD is a leading cause of death 
worldwide. In addition to generating high healthcare costs, COPD imposes a significant 
burden in terms of disability and impaired quality of life. Unlike many leading causes of 
death and disability, COPD is projected to increase in much of the world as smoking 
frequencies rise and the population ages. 

Despite the great importance of COPD, the knowledge regarding the situation of 
people affected by COPD and the epidemiology of the illness is vague. There are identi-
fied different causes for this. The most important one is related to the different ways 
of diagnosis used in the different countries. The use of spirometry is the most recog-
nized way of diagnosis of the illness (GOLD, 2008) but, the unavailability of spirometer 
in the primary care centers and the misuse of it, makes the differences exist. In fact, 
there have been identified in many studies a great number of underdiagnosis but also, 
wrong made diagnosis (Eaton et al., 1999; Eaton et al., 1999; Calverley et al., 2000; 
Schermer et al., 2003; Fukuchi et al., 2004; Halbert et al., 2006; Lindberg et al., 2006; 
Zielinski et al., 2006; Zielinski et al., 2006; Calverley, 2008; GOLD, 2008; Joo et al., 
2009). However, the situation is expected to improve due to the development of in-
ternationally accepted guidelines (American Thoracic Society et al., 2004; National In-
stitute for Clinical Excellence, 2004; GOLD, 2008). 

In order to have a closer look into the COPD worldwide situation an analysis of the 
mortality, morbidity and prevalence of the illness has been made.  

Regarding mortality, COPD is at the moment the fifth leading cause of deaths in the 
world, but it is predicted to become the first one in 2020. Besides this statistical data, 
other factors such as comorbidity make COPD even more mortal than expected. It has 
been seen that in many cases, patients officially dead by other causes (like lung cancer, 
heart stroke, respiratory failure or heart failure) suffered also COPD (Chapman et al., 
2006; Mannino et al., 2006; Sin et al., 2006; Mannino et al., 2007; Soriano Ortiz et al., 
2009; Terzano et al., 2010). In these cases, it is difficult to define whether COPD was 
the turning point in the development of the other illness or it COPD was the real cause 
of death. Anyway, any of these cases is taken into account when defining the real bur-
den of the illness. 

The comparison between sexes has show that in the past, males were much more af-
fected by COPD than females. Despite this, with the increasing consumption of tobacco 
of women, who are reaching male’s levels and the higher life expectancy of women 
comparing with men, are making these differences have disappeared. 

Regarding geographic origins, it must be highlighted the high mortality and prevalence 
of the illness found in Asia. Besides, it has been noticed that while in Europe the illness 
trend is decreasing, in the USA is increasing. In fact, it has been found a higher mortali-
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ty in USA in comparison to Europe. The differences found in mortality and prevalence 
between developing and developed countries are not too high, but they are bigger in 
low and middle income countries, even though that the smoking prevalence is bigger 
in high income countries, the awareness is making it decrease while this awareness is 
not so evident in middle and low income countries. On the other side, other risk fac-
tors are quite evident in low and middle income countries such as the use of biomass 
fuel or occupational exposures to dust, vapors and fumes. The use of biomass fuel for 
cooking has been detected as a causing factor of the increasing levels of COPD be-
tween women from low and middle income countries (Lopez et al., 2006b; Salvi et al., 
2009). 

Comparing mortality and morbidity it is surprising that in USA, the mortality rates are 
much bigger in comparison to the European countries while the morbidity is not so 
high. It is the contrary in Germany, where the morbility found is high but the mortality 
rates are in the same level as other European countries (tables 3 and 8). 

In the economical analysis, and as it happened with the epidemiological analysis, it was 
difficult to establish comparisons between countries. This was due to the same factors 
as in epidemiology (different methods used in the diagnosis, underdiagnosis and over-
diagnosis, etc.) added to the difficulties in the comparison between different currency 
and the different years when the studies where performed. 

In this sense, many economical data from USA, UK and Spain was available from differ-
ent years, little economical data has been found from Germany, Sweden and Norway 
and no data is available from Greece. 

Great differences have been found in terms of costs per COPD patient between the 
USA and other countries (USA: 5000€ approx; UK: 2600€ approx.; Spain: 1712€; Ger-
many: 836€). This difference has been justified by the very big difference between the 
unit costs of days in hospital between USA and the other countries (Chapman et al., 
2006). 

On the other side, big differences have been found even within country when different 
studies are taken into account. This is due to the different methods used in the costs 
estimation and the high variability in terms of epidemiology and diagnosis found in the 
different studies available. 

The stage of the illness is also another parameter that increases the variability found in 
the several studies analyzed. In fact, the costs of the illness have a great variability de-
pending on the stage of the illness of the patient. Exacerbations and as a result of them 
hospitalizations have been identified as the main responsible of the COPD costs. 

Regarding treatments and programs for the management of COPD, some of them of 
them have been analyzed in terms of cost-effectiveness. The available treatments have 
been found to be accumulative as long as the illness progresses in the patient. This 
means that new treatments do not replace others rather that are added to them. 
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In terms of programs, three are the most important: smoking cessation, supplemental 
home oxygen and education and pulmonary rehabilitation programs. The most cost-
effective is the smoking cessation programs which are strongly recommended by ex-
perts and pulmonologists at any stage of the illness. 

For the last, several studies have been found regarding the use of telemonitoring and 
telemedicine programs specific for COPD. Most of them have found to be cost effec-
tive as they have been found to be able to reduce the number of hospitalizations and 
prevent exacerbations. Despite the data available it must be taken into account that 
any of these studies has made a deep analysis of the cost savings and their results have 
not been clearly demonstrated. Even thought, cost-effectiveness of the telemonitoring 
systems is expected to increase as the development of the technologies increases and 
their cost decreases.  

The acceptance of this kind of systems is positive, increasing the self-empowerment of 
patients, giving them more confidence, feeling of security, better knowledge about 
their illness and their health condition, etc. Regarding the clinical effects they have 
been found to be also positive as the systems have been found to be able of detecting 
complications in early stages of the change produced. The systems have also shown a 
good accuracy and reliability of the transmitted data. 



Work Package WP6–Health Economics, Service & Business Models 
Deliverable 1 – Health Economical Analysis. 

 

 Project partially funded by the European Commission  
as part of the Ambient Assisted Living (AAL) Program 

 

 

Se
ct

io
n

 : 
B

IB
LI

O
G

R
A

P
H

Y 

43 

 

6. BIBLIOGRAPHY 

 

AL, M.J.; KOOPMANSCHAP, N.A.; VAN ENCKEVORT, P.J.; GEERTSMA, A.; VAN DER BIJ, 
W.; DE BOER, W.J.; TENVERGERT, E.M. 1998: Cost-eff ectiveness of lung transplanta-
tion in the Netherlands . Chest 113: 124 – 30. 

American Thoracic Society & European Respiratory Society. , 2004 Standards for the 
Diagnosis and Management of Patients with COPD.  

ANTO, J.M.; VERMEIRE, P.; VESTBO, J. & SUNYER, J. 2001: Epidemiology of Chronic Ob-
structive Pulmonary Disease. European Respiratory Journal, 17(5): 982-994.  

ANYANWU, A.C.; MCGUIRE, A.; ROGERS, C.A.; MURDAY, A.J. 2002: An economic evalu-
ation of lung transplantation . J Th or Cardiovasc Surg 123 ( 3 ) : 411 – 20. 

AYRES, J.G.; PRICE, M.J. ; EFTHIMIOU, J. 2003: Cost-eff ectiveness of fl uticasone pro-
pionate in the treatment of chronic obstructive pulmonary disease: A double-blind 
randomized, placebo-controlled trial . Respir Med 97 ( 3 ) : 212 – 20. 

BOURBEAU, J.; JULIEN, M.; MALTAIS, F.; ROULEAU, M.; BEAUPRE, A.; BEGIN, R.; RENZI, 
P.; NAULT, D.; BORYCKI, E.; SCHWARTZMAN, K.; SINGH, R.; COLLET, J.P. & Chronic Ob-
structive Pulmonary Disease axis of the Respiratory Network Fonds de la Recherche en 
Sante du Quebec 2003: Reduction of Hospital Utilization in Patients with Chronic Ob-
structive Pulmonary Disease: A Disease-Specific Self-Management Intervention . Arc-
hives of Internal Medicine, 163(5): 585-591.  

BRIGGS, A.; STARKIE, H. & WU, O. , 2009: Health Economics in Asthma and COPD In: 
Asthma and COPD (Second Edition). Academic Press. Oxford: , pp. 751-760. ISBN 978-
0-12-374001-4.  

BRITTON, M. 2003: The Burden of COPD in the U.K.: Results from the Confronting 
COPD Survey. Respiratory Medicine, 97(Supplement 3): S71-S79.  

BUIST, A.S.; MCBURNIE, M.A.; VOLLMER, W.M.; GILLESPIE, S.; BURNEY, P.; MANNINO, 
D.M.; MENEZES, A.M.; SULLIVAN, S.D.; LEE, T.A.; WEISS, K.B.; JENSEN, R.L.; MARKS, 
G.B.; GULSVIK, A. & NIZANKOWSKA-MOGILNICKA, E. 2007: International Variation in 
the Prevalence of COPD (the BOLD Study): A Population-Based Prevalence Study. The 
Lancet, 370(9589): 741-750.  



Work Package WP6–Health Economics, Service & Business Models 
Deliverable 1 – Health Economical Analysis. 

 

 Project partially funded by the European Commission  
as part of the Ambient Assisted Living (AAL) Program 

 

 

Se
ct

io
n

 : 
B

IB
LI

O
G

R
A

P
H

Y 

44 

 

CALVERLEY, P.M. & BELLAMY, D. 2000: The Challenge of Providing Better Care Fornpa-
tients with Chronic Obstructive Pulmonary Disease: The Poor Relation 
of Airways Obstruction?. Thorax, 5578-82.  

CALVERLEY, P. 2008: Fulfilling the Promise of Primary Care Spirometry. European Res-
piratory Journal, 31(1): 8-10.  

CELEDON, J.C.; LANGE, C.; RABY, B.A.; LITONJUA, A.A.; PALMER, L.J.; DEMEO, D.L.; 
REILLY, J.J.; KWIATKOWSKI, D.J.; CHAPMAN, H.A.; LAIRD, N.; SYLVIA, J.S.; HERNANDEZ, 
M.; SPEIZER, F.E.; WEISS, S.T. & SILVERMAN, E.K. 2004: The Transforming Growth Fac-
tor-beta1 (TGFB1) Gene is Associated with Chronic Obstructive Pulmonary Disease 
(COPD) . Human Molecular Genetics, 13(15): 1649-1656.  

Centers for Disease Control and Prevention. National Center for Health Statistics. 2010 
Health Data Interactive. [en línea]Disponible en:<www.cdc.gov/nchs/hdi.htm>.  

CHAPMAN, K.R.; MANNINO, D.M.; SORIANO, J.B.; VERMEIRE, P.A.; BUIST, A.S.; THUN, 
M.J.; CONNELL, C.; JEMAL, A.; LEE, T.A.; MIRAVITLLES, M.; ALDINGTON, S. & BEASLEY, 
R. 2006: Epidemiology and Costs of Chronic Obstructive Pulmonary Disease. European 
Respiratory Journal, 27(1): 188-207.  

DAL NEGRO, R. 2008: Optimizing Economic Outcomes in the Management of COPD . 
International Journal of Chronic Obstructive Pulmonary Disease, 3(1): 1-10.  

DAR, O.; RILEY, J.; CHAPMAN, C.; DUBREY, S.W.; MORRIS, S.; ROSEN, S.D.; ROUGHTON, 
M. & COWIE, M.R. 2009: A Randomized Trial of Home Telemonitoring in a Typical El-
derly Heart Failure Population in North West London: Results of the Home-HF Study. 
European Journal of Heart Failure, 11(3): 319-325.  

DARKINS, A.; RYAN, P.; KOBB, R.; FOSTER, L.; EDMONSON, E.; WAKEFIELD, B. & LAN-
CASTER, A.E. 2008: Care Coordination/Home Telehealth: The Systematic Implementa-
tion of Health Informatics, Home Telehealth, and Disease Management to Support the 
Care of Veteran Patients with Chronic Conditions. Telemedicine Journal and e-Health : 
The Official Journal of the American Telemedicine Association, 14(10): 1118-1126.  

DE TOLEDO, P.; JIMENEZ, S.; DEL POZO, F.; ROCA, J.; ALONSO, A. & HERNANDEZ, C. 
2006: Telemedicine Experience for Chronic Care in COPD . IEEE Transactions on Infor-
mation Technology in Biomedicine : A Publication of the IEEE Engineering in Medicine 
and Biology Society, 10(3): 567-573.  

DE TORRES, J.P.; CASANOVA, C.; HERNANDEZ, C.; ABREU, J.; AGUIRRE-JAIME, A. & CEL-
LI, B.R. 2005: Gender and COPD in Patients Attending a Pulmonary Clinic . Chest, 
128(4): 2012-2016.  

http://www.cdc.gov/nchs/hdi.htm


Work Package WP6–Health Economics, Service & Business Models 
Deliverable 1 – Health Economical Analysis. 

 

 Project partially funded by the European Commission  
as part of the Ambient Assisted Living (AAL) Program 

 

 

Se
ct

io
n

 : 
B

IB
LI

O
G

R
A

P
H

Y 

45 

 

Department of Health and Human Services. Centers for Disease Control and Preven-
tion. 2009 CDC - Chronic Obstructive Pulmonary Disease (COPD) - Facts. [en 
línea]Disponible en:<http://www.cdc.gov/copd/copdfaq.htm>.  

EATON, T.; WITHY, S.; GARRETT, J.E.; MERCER, J.; WHITLOCK, R.M. & REA, H.H. 1999: 
Spirometry in Primary Care Practice: The Importance of Quality Assurance and the Im-
pact of Spirometry Workshops . Chest, 116(2): 416-423.  

ENRIGHT, P.L.; BECK, K.C. & SHERRILL, D.L. 2004: Repeatability of Spirometry in 18,000 
Adult Patients. American Journal of Respiratory and Critical Care Medicine, 169(2): 235-
238.  

ESSEN, A. 2008: The Two Facets of Electronic Care Surveillance: An Exploration of the 
Views of Older People Who Live with Monitoring Devices . Social Science & Medicine 
(1982), 67(1): 128-136.  

European Respiratory Society & European Lung Foundation. , 2003: Chronic Obstruc-
tive Pulmonary Disease In: , pp. 34-43.  

EUROSTAT, E.C. 2010 Statistics database. [en línea]Disponible 
en:<http://epp.eurostat.ec.europa.eu/portal/page/portal/eurostat/home>.  

FREYTAG, A.; STORZ, P.; HAGENMEYER, E.G.; HÖER, A.; CAESER, M.; GOTHE, H. & 
HÄUSSLER, B. 2007: Direct Cost of Treatment of COPD in a German Sickness Fund. IHEA 
6th World Congress, .  

FUKUCHI, Y.; NISHIMURA, M.; ICHINOSE, M.; ADACHI, M.; NAGAI, A.; KURIYAMA, T.; 
TAKAHASHI, K.; NISHIMURA, K.; ISHIOKA, S.; AIZAWA, H. & ZAHER, C. 2004: COPD in 
Japan: The Nippon COPD Epidemiology Study. Respirology, 9(4): 458-465.  

GARCÍA-RUIZ, A.J.; LEIVA-FERNÁNDEZ, F.; MARTOS-CRESPO, F.; MONTESINOS, A.C.; 
PRADOS TORRES, D. & Sanchez de la Cuesta, F. 2003: Utilización De Recursos y Costes 
Directos Sanitarios De La EPOC En Atención Primaria De Salud (Estudio EPOC-AP). Re-
vista Española De Economía y Salud, 2(3): 176-181.  

GOLD 2008: Global Initiative for Chronic Obstructive Lung Disease.  

GOLDSTEIN, R.S.; GORT, E.H.; GUYATT, G.H. & FEENY, D. 1997: Economic Analysis of 
Respiratory Rehabilitation. Chest, 112(2): 370-379.  

GRIFFITHS, T.L.; PHILLIPS, C.J.; DAVIES, S.; BURR, M.L. & CAMPBELL, I.A. 2001: Cost Ef-
fectiveness of an Outpatient Multidisciplinary Pulmonary Rehabilitation Programme . 
Thorax, 56(10): 779-784.  

http://www.cdc.gov/copd/copdfaq.htm
http://epp.eurostat.ec.europa.eu/portal/page/portal/eurostat/home


Work Package WP6–Health Economics, Service & Business Models 
Deliverable 1 – Health Economical Analysis. 

 

 Project partially funded by the European Commission  
as part of the Ambient Assisted Living (AAL) Program 

 

 

Se
ct

io
n

 : 
B

IB
LI

O
G

R
A

P
H

Y 

46 

 

GUDMUNDSSON, G.; GISLASON, T.; LINDBERG, E.; HALLIN, R.; ULRIK, C.; BRONDUM, E.; 
NIEMINEN, M.; AINE, T.; BAKKE, P. & JANSON, C. 2006: Mortality in COPD Patients Dis-
charged from Hospital: The Role of Treatment and Co-Morbidity. Respiratory Research, 
7(1): 109.  

HALBERT, R.J.; NATOLI, J.L.; GANO, A.; BADAMGARAV, E.; BUIST, A.S. & MANNINO, 
D.M. 2006: Global Burden of COPD: Systematic Review and Meta-Analysis. European 
Respiratory Journal, 28(3): 523-532.  

HNIZDO, E.; SULLIVAN, P.A.; BANG, K.M. & WAGNER, G. 2002: Association between 
Chronic Obstructive Pulmonary Disease and Employment by Industry and Occupation 
in the US Population: A Study of Data from the Third National Health and Nutrition 
Examination Survey . American Journal of Epidemiology, 156(8): 738-746.  

HOGAN, T.J.; GEDDES, R. & GONZALEZ, E.R. 2003: An Economic Assessment of Inhaled 
Formoterol Dry Powder Versus Ipratropium Bromide Pressurized Metered Dose Inhaler 
in the Treatment of Chronic Obstructive Pulmonary Disease. Clinical Therapeutics, 
25(1): 285-297.  

HORTON, K. 2008: Falls in Older People: The Place of Telemonitoring in Rehabilitation. 
Journal of Rehabilitation Research and Development, 45(8): 1183-1194.  

IZQUIERDO, J.L. 2003: The Burden of COPD in Spain: Results from the Confronting 
COPD Survey. Respiratory Medicine, 97(Supplement 3): S61-S69.  

IZQUIERDO-ALONSO, J.L. & DE MIGUEL-DIEZ, J. 2004: Economic Impact of Pulmonary 
Drugs on Direct Costs of Stable Chronic Obstructive Pulmonary Disease . Copd, 1(2): 
215-223.  

JAANA, M.; PARE, G. & SICOTTE, C. 2009: Home Telemonitoring for Respiratory Condi-
tions: A Systematic Review. The American Journal of Managed Care, 15(5): 313-320.  

JANSSON, S.A.; ANDERSSON, F.; BORG, S.; ERICSSON, A.; JONSSON, E. & LUNDBACK, B. 
2002: Costs of COPD in Sweden According to Disease Severity . Chest, 122(6): 1994-
2002.  

JEMAL, A.; WARD, E.; HAO, Y. & THUN, M. 2005: Trends in the Leading Causes of Death 
in the United States, 1970-2002 . JAMA : The Journal of the American Medical Associa-
tion, 294(10): 1255-1259.  

JOHNSTON, B.; WHEELER, L.; DEUSER, J. & SOUSA, K.H. 2000: Outcomes of the Kaiser 
Permanente Tele-Home Health Research Project. Archives of Family Medicine, 9(1): 40-
45.  



Work Package WP6–Health Economics, Service & Business Models 
Deliverable 1 – Health Economical Analysis. 

 

 Project partially funded by the European Commission  
as part of the Ambient Assisted Living (AAL) Program 

 

 

Se
ct

io
n

 : 
B

IB
LI

O
G

R
A

P
H

Y 

47 

 

JONES, P.W.; WILSON, K. & SONDHI, S. 2003: Cost–effectiveness of Salmeterol in Pa-
tients with Chronic Obstructive Pulmonary Disease: An Economic Evaluation. Respira-
tory Medicine, 97(1): 20-26.  

JOO, M.J.; AU, D.H. & LEE, T.A. 2009: Use of Spirometry in the Diagnosis of Chronic 
Obstructive Pulmonary Disease and Efforts to Improve Quality of Care. Translational 
Research, 154(3): 103-110.  

KEATINGS, V.M.; CAVE, S.J.; HENRY, M.J.; MORGAN, K.; O'CONNOR, C.M.; FITZGERALD, 
M.X. & KALSHEKER, N. 2000: A Polymorphism in the Tumor Necrosis Factor-Alpha Gene 
Promoter Region may Predispose to a Poor Prognosis in COPD . Chest, 118(4): 971-975.  

KETELAARS, C.A.; SCHLÖSSER, M.A.; MOSTERT, R.; HUYER ABU-SAAD, H.; HALFENS, R.J. 
& WOUTERS, E.F. 1996: Determinants of Health-Related Quality of Life in Patients with 
Chronic Obstructive Pulmonary Disease. Thorax, 51(1): 39-43.  

LINDBERG, A.; BJERG-BÄCKLUND, A.; RÖNMARK, E.; LARSSON, L. & LUNDBÄCK, B. 
2006: Prevalence and Underdiagnosis of COPD by Disease Severity and the Attributable 
Fraction of Smoking: Report from the Obstructive Lung Disease in Northern Sweden 
Studies. Respiratory Medicine, 100(2): 264-272.  

LOFDAHL, C.G.; ERICSSON, A.; SVENSSON, K.; ANDREASSON, E. 2005: Cost eff ective-
ness of budesonide/formoterol in a single inhaler for COPD compared with each mo-
nocomponent used alone . Pharmacoeconomics 23 ( 4 ) : 365 – 75. 

LOPEZ, A.D.; SHIBUYA, K.; RAO, C.; MATHERS, C.D.; HANSELL, A.L.; HELD, L.S.; SCHMID, 
V. & BUIST, S. 2006a: Chronic Obstructive Pulmonary Disease: Current Burden and Fu-
ture Projections. European Respiratory Journal, 27(2): 397-412.  

LOPEZ, A.D.; MATHERS, C.; EZZATI, M.; JAMISON, D.T. & MURRAY, C. 2006b: Global 
Burden of Disease and Risk Factors. New York : Oxford University Press. . ISBN 
0821362623.  

MAIOLO, C.; MOHAMED, E.I.; FIORANI, C.M. & DE LORENZO, A. 2003: Home Telemoni-
toring for Patients with Severe Respiratory Illness: The Italian Experience. Journal of 
Telemedicine and Telecare, 9(2): 67-71.  

MANIADAKIS, N.; TZANAKIS, N.; FRAGOULAKIS, V.; HATZIKOU, M. & SIAFAKAS, N. 2006: 
Economic Evaluation of Tiotropium and Salmeterol in the Treatment of Chronic Ob-
structive Pulmonary Disease (COPD) in Greece . Current Medical Research and Opinion, 
22(8): 1599-1607.  



Work Package WP6–Health Economics, Service & Business Models 
Deliverable 1 – Health Economical Analysis. 

 

 Project partially funded by the European Commission  
as part of the Ambient Assisted Living (AAL) Program 

 

 

Se
ct

io
n

 : 
B

IB
LI

O
G

R
A

P
H

Y 

48 

 

MANNINO, D.M. & DAVIS, K.J. 2006: Lung Function Decline and Outcomes in an Elderly 
Population. Thorax, 61(6): 472-477.  

MANNINO, D.M.; HOMA, D.M.; AKINBAMI, L.J.; FORD, E.S. & REDD, S.C. 2002: Chronic 
Obstructive Pulmonary Disease Surveillance--United States, 1971-2000 . 
MMWR.Surveillance Summaries : Morbidity and Mortality Weekly Report.Surveillance 
Summaries / CDC, 51(6): 1-16.  

MANNINO, D.M.; WATT, G.; HOLE, D.; GILLIS, C.; HART, C.; MCCONNACHIE, A.; DAVEY 
SMITH, G.; UPTON, M.; HAWTHORNE, V.; SIN, D.D.; MAN, S.F.; VAN EEDEN, S.; MAPEL, 
D.W. & VESTBO, J. 2006: The Natural History of Chronic Obstructive Pulmonary Disease 
. The European Respiratory Journal : Official Journal of the European Society for Clinical 
Respiratory Physiology, 27(3): 627-643.  

MANNINO, D.M. & BUIST, A.S. 2007: Global Burden of COPD: Risk Factors, Prevalence, 
and Future Trends. The Lancet, 370(9589): 765-773.  

MANNINO, D.M. & HOLGUIN, F. 2006: Epidemiology and Global Impact of Chronic Ob-
structive Pulmonary Disease. Respiratory Medicine: COPD Update, 1(4): 114-120.  

MASA, J.F.; SOBRADILLO, V.; VILLASANTE, C.; JIMENEZ-RUIZ, C.A.; FERNANDEZ-FAU, L.; 
VIEJO, J.L. & MIRAVITLLES, M. 2004: Costs of Chronic Obstructive Pulmonary Disease in 
Spain. Estimation from a Population-Based Study . Archivos De Bronconeumologia, 
40(2): 72-79.  

MCKINSTRY, B.; PINNOCK, H. & SHEIKH, A. 2009: Telemedicine for Management of Pa-
tients with COPD?. The Lancet, 374(9691): 672-673.  

MEYERS, B.F.; PATTERSON, G.A. 2003: Chronic obstructive pulmonary disease v 10: 
Bullectomy, lung volume reduction surgery, and transplantation for patients with 
chronic obstructive pulmonary disease . Thorax 58: 634 – 38. 

MEYSTRE, S. 2005: The Current State of Telemonitoring: A Comment on the Literature . 
Telemedicine Journal and e-Health : The Official Journal of the American Telemedicine 
Association, 11(1): 63-69.  

MIRAVITLLES, M.; MURIO, C.; GUERRERO, T. & GISBERT, R. 2003: Costs of Chronic 
Bronchitis and COPD: A 1-Year Follow-Up Study. Chest, 123(3): 784-791.  

MORERA, J. , 1992: Enfermedad Pulmonar Obstructiva Crónica. Magnitud del Problema 
In: Enfermedad Pulmonar Obstructiva Crónica. Conceptos Generales Vol. 1. Barcelona: 
, pp. 57-65.  



Work Package WP6–Health Economics, Service & Business Models 
Deliverable 1 – Health Economical Analysis. 

 

 Project partially funded by the European Commission  
as part of the Ambient Assisted Living (AAL) Program 

 

 

Se
ct

io
n

 : 
B

IB
LI

O
G

R
A

P
H

Y 

49 

 

MORTIMER, D. & SEGAL, L. 2008: Comparing the Incomparable? A Systematic Review 
of Competing Techniques for Converting Descriptive Measures of Health Status into 
QALY-Weights . Medical Decision Making, 28(1): 66-89.  

National Emphysema Treatment Trial Research Group. 2003: Cost eff ectiveness of 
lung-volume-reduction surgery for patients with severe emphysema. N Engl J Med 348 
( 21 ) : 2092 – 102. 

National Institute for Clinical Excellence. , 2004 Chronic obstructive pulmonary disease. 
Management of chronic obstructive pulmonary disease in adults in primary and sec-
ondary care. .  

National Institute for Health and Clinical Excellence. 2009 Measuring effectiveness and 
cost effectiveness: the QALY. [en línea]Disponible 
en:<http://www.nice.org.uk/newsroom/features/measuringeffectivenessandcosteffec
tivenesstheqaly.jsp>.  

NOEL, H.C.; VOGEL, D.C.; ERDOS, J.J.; CORNWALL, D. & LEVIN, F. 2004: Home Tele-
health Reduces Healthcare Costs . Telemedicine Journal and e-Health : The Official 
Journal of the American Telemedicine Association, 10(2): 170-183.  

NOWAK, D.; DIETRICH, E.S.; OBERENDER, P.; UBERLA, K.; REITBERGER, U.; SCHLEGEL, 
C.; ALBERS, F.; RUCKDASCHEL, S. & WELSCH, R. 2004: Cost-of-Illness Study for the 
Treatment of COPD in Germany . Pneumologie (Stuttgart, Germany), 58(12): 837-844.  

OOSTENBRINK, J.B. 2004: One-Year Cost-Effectiveness of Tiotropium Versus Ipratro-
pium to Treat Chronic Obstructive Pulmonary Disease . European Respiratory Journal, 
23(2): 241.  

OOSTENBRINK, J.B.; RUTTEN-VAN MOLKEN, M.P.; MONZ, B.U. & FITZGERALD, J.M. 
2005: Probabilistic Markov Model to Assess the Cost-Effectiveness of Bronchodilator 
Therapy in COPD Patients in Different Countries. Value in Health : The Journal of the 
International Society for Pharmacoeconomics and Outcomes Research, 8(1): 32-46.  

PARE, G.; JAANA, M. & SICOTTE, C. 2007: Systematic Review of Home Telemonitoring 
for Chronic Diseases: The Evidence Base . Journal of the American Medical Informatics 
Association : JAMIA, 14(3): 269-277.  

PARE, G.; SICOTTE, C.; ST-JULES, D. & GAUTHIER, R. 2006: Cost-Minimization Analysis 
of a Telehomecare Program for Patients with Chronic Obstructive Pulmonary Disease . 
Telemedicine Journal and e-Health : The Official Journal of the American Telemedicine 
Association, 12(2): 114-121.  

http://www.nice.org.uk/newsroom/features/measuringeffectivenessandcosteffectivenesstheqaly.jsp
http://www.nice.org.uk/newsroom/features/measuringeffectivenessandcosteffectivenesstheqaly.jsp


Work Package WP6–Health Economics, Service & Business Models 
Deliverable 1 – Health Economical Analysis. 

 

 Project partially funded by the European Commission  
as part of the Ambient Assisted Living (AAL) Program 

 

 

Se
ct

io
n

 : 
B

IB
LI

O
G

R
A

P
H

Y 

50 

 

PELLETIER-FLEURY, N.; LANOE, J.; FLEURY, B. & FARDEAU, M. 1996: The Cost of Treat-
ing COPD Patients with Long-Term Oxygen Therapy in a French Population. Chest, 
110(2): 411-416.  

PLISKIN, J.S.; SHEPARD, D.S. & Milton C. Weinstein 1980: Utility Functions for Life Years 
and Health Status. Operations Research, 28(1, Design Analysis Special Issue): 206-224.  

PRIETO, L. & SACRISTAN, J.A. 2003: Problems and Solutions in Calculating Quality-
Adjusted Life Years (QALYs) . Health and Quality of Life Outcomes, 180.  

RAMSEY, S.D.; PATRICK, D.L.; ALBERT, R.K.; LARSON, E.B.; WOOD, D.E. 1995: The cost-
effectiveness of lung transplantation. A pilot study. University of Washington medical 
centre lung transplantation study group . Chest 08 : 1594 – 601 , 1995 . 

RAMSEY, S.D. & SULLIVAN, S.D. 2004: Chronic Obstructive Pulmonary Disease: Is there 
a Case for Early Intervention? . The American Journal of Medicine, 117 Suppl 12A3S-
10S.  

RASKIN, J.; SPIEGLER, P.; MCCUSKER, C.; ZUWALLACK, R.; BERNSTEIN, M.; BUSBY, J.; 
DILAURO, P.; GRIFFITHS, K.; HAGGERTY, M.; HOVEY, L.; MCEVOY, D.; REARDON, J.Z.; 
STAVROLAKES, K.; STOCKDALE-WOOLLEY, R.; THOMPSON, P.; TRIMMER, G. & YOUNG-
SON, L. 2006: The Effect of Pulmonary Rehabilitation on Healthcare Utilization in 
Chronic Obstructive Pulmonary Disease: The Northeast Pulmonary Rehabilitation Con-
sortium . Journal of Cardiopulmonary Rehabilitation, 26(4): 231-236.  

RAWLINS, M. D.; and CULYER, A. J. National Institute for Clinical Excellence and its Val-
ue Judgments. , 2004.  

RIES, A.L. 1990: Position Paper of the American Association of Cardiovascular and Pul-
monary Rehabilitation: Scientific Basis of Pulmonary Rehabilitation. J. Cardiopulm. Re-
habil., 10418-441.  

RIES, A.L.; KAPLAN, R.M.; LIMBERG, T.M. & PREWITT, L.M. 1995: Effects of Pulmonary 
Rehabilitation on Physiologic and Psychosocial Outcomes in Patients with Chronic Ob-
structive Pulmonary Disease. Ann Intern Med, 122(11): 823-832.  

RILEY, J.P. & COWIE, M.R. 2009: Telemonitoring in Heart Failure. Heart, 95(23): 1964-
1968.  

RUTTEN-VAN MOLKEN, M.P.; OOSTENBRINK, J.B.; MIRAVITLLES, M. & MONZ, B.U. 
2007: Modelling the 5-Year Cost Effectiveness of Tiotropium, Salmeterol and Ipratro-
pium for the Treatment of Chronic Obstructive Pulmonary Disease in Spain . The Euro-



Work Package WP6–Health Economics, Service & Business Models 
Deliverable 1 – Health Economical Analysis. 

 

 Project partially funded by the European Commission  
as part of the Ambient Assisted Living (AAL) Program 

 

 

Se
ct

io
n

 : 
B

IB
LI

O
G

R
A

P
H

Y 

51 

 

pean Journal of Health Economics : HEPAC : Health Economics in Prevention and Care, 
8(2): 123-135.  

RUTTEN-VAN MOLKEN, M.; VAN DOORSLAER, E.K.; JANSEN, M.C.; KERSTJENS, H.A.; 
RUTTEN, F.F. 1995: Costs and effects of inhaled corticosteroids and bronchodilators in 
asthma and chronic obstructive pulmonary disease . Am J Respir Crit Care Med 151 (4): 
975 – 82. 

SALVI, S.S. & BARNES, P.J. 2009: Chronic Obstructive Pulmonary Disease in Non-
Smokers . The Lancet, 374(9691): 733 <last_page> 743.  

SCHERMER, T.R.; JACOBS, J.E.; CHAVANNES, N.H.; HARTMAN, J.; FOLGERING, H.T.; 
BOTTEMA, B.J. & VAN WEEL, C. 2003: Validity of Spirometric Testing in a General Prac-
tice Population of Patients with Chronic Obstructive Pulmonary Disease (COPD). Tho-
rax, 58(10): 861-866.  

SCHLANDER, Michael. , 2007: Lost in Translation? Over-Reliance on QALYs May Lead to 
Neglect of Relevant Evidence In: [http://www.innoval-hc.com Institute for Innovation 
Valuation in Health Care]. Copenhagen, Denmark: .  

SILVERMAN, E.K.; WEISS, S.T.; DRAZEN, J.M.; CHAPMAN, H.A.; CAREY, V.; CAMPBELL, 
E.J.; DENISH, P.; SILVERMAN, R.A.; CELEDON, J.C.; REILLY, J.J.; GINNS, L.C. & SPEIZER, 
F.E. 2000: Gender-Related Differences in Severe, Early-Onset Chronic Obstructive Pul-
monary Disease . American Journal of Respiratory and Critical Care Medicine, 162(6): 
2152-2158.  

SIN, D.D.; ANTHONISEN, N.R.; SORIANO, J.B. & AGUSTI, A.G. 2006: Mortality in COPD: 
Role of Comorbidities. European Respiratory Journal, 28(6): 1245-1257.  

SORIANO ORTIZ, J.B.; ALMAGRO, P. & ROIG, J.S. 2009: Causas De Mortalidad En La 
EPOC. Archivos De Bronconeumología, 45(Supplement 4): 8-13.  

SORIANO, J.B.; DAVIS, K.J.; COLEMAN, B.; VISICK, G.; MANNINO, D. & PRIDE, N.B. 2003: 
The Proportional Venn Diagram of Obstructive Lung Disease: Two Approximations 
from the United States and the United Kingdom . Chest, 124(2): 474-481.  

SORIANO, J.B. & MIRAVITLLES, M. 2007: Datos Epidemiológicos De EPOC En España. 
Archivos De Bronconeumología, 43(Supplement 1): 2-9.  

SPENCER, M.; BRIGGS, A.H.; GROSSMAN, R.F.; RANCE L. 2005: Development of an eco-
nomic model to assess the cost-effectiveness of treatment interventions for chronic 
obstructive pulmonary disease . Pharmacoeconomics 23 ( 6 ) : 619 – 37. 

http://www.innoval-hc.com/


Work Package WP6–Health Economics, Service & Business Models 
Deliverable 1 – Health Economical Analysis. 

 

 Project partially funded by the European Commission  
as part of the Ambient Assisted Living (AAL) Program 

 

 

Se
ct

io
n

 : 
B

IB
LI

O
G

R
A

P
H

Y 

52 

 

STOCKLEY, R.A.; MANNINO, D. & BARNES, P.J. 2009: Burden and Pathogenesis of 
Chronic Obstructive Pulmonary Disease. Proceedings of the American Thoracic Society, 
6(6): 524-526.  

SULLIVAN, S.D.; RAMSEY, S.D. & LEE, T.A. 2000: The Economic Burden of COPD*. Chest, 
1175S-9S.  

TAN, W.C. & NG, T.P. 2008: COPD in Asia: Where East Meets West . Chest, 133(2): 517-
527.  

TERZANO, C.; CONTI, V.; DI STEFANO, F.; PETROIANNI, A.; CECCARELLI, D.; GRAZIANI, 
E.; MARIOTTA, S.; RICCI, A.; VITARELLI, A.; PUGLISI, G.; DE VITO, C.; VILLARI, P. & ALLE-
GRA, L. 2010: Comorbidity, Hospitalization, and Mortality in COPD: Results from a Lon-
gitudinal Study . Lung, .  

US Department of Health and Human Services. Summary Health Statistics for US 
Adults: National Health Interview Survey.. , 2004.  

WEDZICHA, J.A. & SEEMUNGAL, T.A. 2007: COPD Exacerbations: Defining their Cause 
and Prevention . Lancet, 370(9589): 786-796.  

WILLEMS, D.C.; JOORE, M.A.; HENDRIKS, J.J.; WOUTERS, E.F. & SEVERENS, J.L. 2007: 
Cost-Effectiveness of a Nurse-Led Telemonitoring Intervention Based on Peak Expirato-
ry Flow Measurements in Asthmatics: Results of a Randomised Controlled Trial. Cost 
Effectiveness and Resource Allocation : C/E, 510.  

WOLOSHIN, S.; SCHWARTZ, L.M. & WELCH, H.G. 2008: The Risk of Death by Age, Sex, 
and Smoking Status in the United States: Putting Health Risks in Context. JNCI Journal 
of the National Cancer Institute, 100(12): 845-853.  

World Health Organization. 2007: Global Surveillance, Prevention and Control of Chron-
ic Respiratory Diseases: A Comprehensive Approach. .  

ZIELINSKI, J.; BEDNAREK, M.; GORECKA, D.; VIEGI, G.; HURD, S.S.; FUKUCHI, Y.; LAI, 
C.K.W.; RAN, P.X.; KO, F.W.S.; LIU, S.M.; ZHENG, J.P.; ZHONG, N.S.; IP, M.S.M. & VER-
MEIRE, P.A. 2006: Increasing COPD Awareness. European Respiratory Journal, 27(4): 
833-852.  

 


