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TARGETS, INTERVENTIONS AND COST-EFFECTIVENESS

CHAPTER 1
GENERAL INTRODUCTION
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GENERAL INTRODUCTION
The Global Initiative for Chronic Obstructive Lung Disease (GOLD) defines Chronic Obstructive 

Pulmonary Disease (COPD) as “a common preventable and treatable disease, characterized by 

persistent airflow limitation that is usually progressive and associated with an enhanced chronic 

inflammatory response in the airways and the lung to noxious particles or gases.”1,2

Symptoms of COPD include dyspnea, chronic cough and chronic sputum production. Acute 

worsening of these symptoms often occur (exacerbations). In the majority of patients, COPD 

coexists with comorbidities like osteoporosis, cardiovascular disease and depression which have 

major impact on patients’ prognosis, costs and quality of life.3,4

The most important risk factor for COPD is tobacco smoking. Other major risk factors include 

air pollution both indoor (indoor cooking on biomass fuel) and outdoor, asthma and genetic 

profile.5 

COPD assessment 

The main treatment goals for COPD are a reduction of symptoms and reduction of the fre-

quency of exacerbations. Treatment should be initiated according to COPD severity. Before 

2011, COPD severity was mainly defined by spirometry (Table 1). Spirometry is a physiological 

test that measures how an individual inhales or exhales volumes of air as a function of time.6 

The most important parameters that are measured are the Forced Vital Capacity (FVC) and the 

Forced Expiratory Volume in one second (FEV1). The FVC is the volume delivered during an 

expiration made as forcefully and completely as possible starting from full expiration. The FEV1 

is the volume delivered in the first second of that attempt.6 Both parameters can be measured 

before the use of a bronchodilator (pre-bronchodilator values) and after the use of a broncho-

dilator (post-bronchodilator values). The presence of a post-bronchodilator FEV1/FVC <0.70 

confirms presence of persistent airflow limitation and thus of COPD.1

Table 1: Spirometric classification of COPD severity (before 2011)1

GOLD stage Spirometry

I: Mild FEV1/FVC <0.70

FEV1 ≥80% predicted

II: Moderate FEV1/FVC <0.70

50% ≤FEV1<80% predicted

III: Severe FEV1/FVC <0.70

30% ≤FEV1 <50% predicted

IV: Very severe FEV1/FVC <0.70

FEV1 <30% predicted or FEV1 <50% predicted and chronic respiratory failure

FEV1%: Forced Expiratory Volume in one second; FVC: Forced Vital Capacity; ICS: Inhaled corticosteroids
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Yet, studies showed that lung function alone did not represent the severity of COPD as expe-

rienced by the patient. The FEV1 alone showed only weak correlation with exercise tolerance, 

dyspnea and health related quality of life.7 Therefore, as of 2011, the new international GOLD 

guidelines recommend treatment according to GOLD A, B, C, D gradations. The new GOLD 

criteria define COPD severity based on a two dimensional combined assessment (Figure 1) with 

on the vertical axes degree of airflow-limitation (as defined by FEV1%predicted) and history 

of exacerbations and on the horizontal axis symptoms. Symptoms can either be defined by 

the modified Medical Research Council Dyspnea score (mMRC)8, the COPD Assessment Test 

(CAT)9 or the Clinical COPD Questionnaire (CCQ).10

CAT: COPD Assessment Test; CCQ: Clinical COPD Questionnaire; GOLD: Global Initiative for Obstructive Lung Diseases; 

ICS: Inhaled corticosteroids; LABA: Long-acting beta agonists; LAMA: Long-acting muscarinic antagonists; mMRC: 

modified Medical Research Council; prn: pro re nata (as needed); SABA: Short-acting beta agonists; SAMA: Short-acting 

muscarinic antagonists

Figure 1: Combined assessment of COPD and treatment according to the new GOLD guidelines1

COPD phenotypes

As the new GOLD guidelines already highlight, it is important to realize that COPD is a very 

heterogeneous disease and that more than just airflow limitation should be taken into account. 

Therefore, some national guidelines, like the Spanish GesEPOC, recommend a phenotype based 

treatment.11 The four clinical phenotypes that have been identified are the exacerbator with 

chronic bronchitis, the exacerbator with emphysema, the asthma-COPD overlap syndrome 

(ACOS) and the non-exacerbator phenotype. 



12

1

ENHANCING ADHERENCE IN PATIENTS WITH COPD

Epidemiology and burden of COPD

In The Netherlands the number of patients with COPD was estimated at around 300,000 in 

2007.12 According to the National Institute of Public Health and the Environment (RIVM) the 

number of patients with COPD in The Netherlands will increase with 70%, primary caused by 

a growing and ageing population. While in 2007 the annual population costs for COPD were 

estimated at around €415 million euro (€1,400 per patient), these cost are expected to triple by 

the year 2032. Costs can be divided in specialty care and hospitalizations (+/- 45%), medication 

(+/- 35%), primary care and physiotherapy (+/- 15%) and other therapies (5%). Costs increase 

by age and disease severity.13 In addition, the indirect costs due to COPD are considerable, due 

to work productivity losses and disability pension paid.14

In 2010, COPD was ranked second based on number of disability adjusted life-years (DALYs) in 

the United States of America. According to the same study, COPD was ranked fourth based on 

number of life-years lost, after cardiovascular disease, cancer and stroke.15 In The Netherlands, 

COPD was responsible for the loss of 146.200 disability adjusted life years and 59.548 life years 

in 2007.16 Worldwide, COPD is projected to be the third or fourth cause of death in 2030.17

Prevention of COPD

As the development of COPD is related to exposure to noxious particles and gases, smoking 

cessation is of utmost importance to prevent (worsening of) COPD.18 Smoking cessation has 

been shown to be beneficial in all stages of COPD and should therefore always be initiated.19 

To support patients in smoking cessation, the combination of pharmacotherapy and counselling 

appears to be the most effective strategy.20 Current agents used to support quit attempts are 

nicotine replacement therapy, bupropion and varenicline. 

In countries with high exposure to indoor pollution, e.g. due to indoor cooking and biomass 

smoke, interventions focusing on improving ventilation and implementation of energy-saving 

stoves and retained-heat cookers are recommended.21

To lower the risk for exacerbations, influenza and pneumococcal vaccinations can be considered 

in COPD patients older than 65 and patients with severe airflow limitation (FEV1%predicted 

<40%).22 

Non-pharmacologic treatment of COPD

For all COPD patients, physical activity and a balanced diet are recommended. Patients that 

remain symptomatic independently of obstruction severity could benefit from pulmonary re-

habilitation.23 In COPD patients with respiratory failure, oxygen therapy has demonstrated to 

decrease the progression of the disease. Ventilatory support, lung volume reduction surgery 

(LVRS) and lung transplantation are other possible treatments in the most severe patients.
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Pharmacologic COPD treatment

Pharmacologic treatment is used to improve symptoms, health status and exercise tolerance 

and to decrease the frequency of exacerbations.1 The two main drug classes for COPD are the 

bronchodilators and inhaled corticosteroids.

Bronchodilators

Inhaled bronchodilators play a key role in the symptom management of COPD. Short-acting 

beta agonists (e.g. salbutamol) and short-acting muscarinic antagonists (ipratropium) are main-

ly used as needed, while long-acting beta agonists and long-acting muscarinic antagonists are 

used as maintenance therapy. Patients with persistent symptomatic disease may be prescribed 

combinations of different bronchodilators.1

Inhaled corticosteroids

For patients with a FEV1<50% predicted and frequent exacerbations, the addition of inhaled 

corticosteroids (ICS) may be beneficial to reduce the frequency of exacerbations. However, 

while ICS are considered the cornerstone pharmacologic treatment in asthma patients, the use 

of ICS in patients with COPD is more controversial.24 ICS have both systemic and local side-ef-

fects25,26 and there seems only little added clinical value as compared to bronchodilators.27 Re-

cently, the WISDOM study showed that ICS could be stepped down safely, that is, without 

increased exacerbation risk, as long as dual bronchodilators were continued.28

Alternative therapies

Other maintenance treatments include phosphodiesterase-4 inhibitors (e.g. roflumilast) and 

methylxanthines (e.g. theophylline). Roflumilast is one of the alternative oral treatment options 

in patients with severe airflow limitation (FEV1%pred <50%) and a history of exacerbations 

and chronic bronchitis.29 Oral theophylline can be an alternative for inhaled bronchodilators. 

However, in countries where inhaled bronchodilators are available and affordable, theophylline 

is not recommended as of its reduced effectiveness and narrow therapeutic window compared 

to inhaled bronchodilators.1 Antibiotics are only indicated in case of infectious exacerbations 

and other bacterial infections. Mucolytics deserve consideration, mainly because of their anti-

oxidant properties, but it is unclear which patients may exactly benefit from this treatment.30 

Alpha-1 antitrypsin augmentation therapy should only be given in patients with COPD that is 

related to genetic deficiency. 

Novel inhaled pharmacologic treatments 

Recently, several new treatment options have become available. In the class of long-acting 

beta agonists (LABA), indacaterol and olodaterol entered the market. Both are ultra-long-acting 

which allows a once-daily dosing regimen. Glycopyrronium and aclidinium are the newly avail-

able long-acting muscarinic antagonists (LAMA). Glycopyrronium is, just like the already avail-
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able LAMA tiotropium, a once-daily drug, while aclidinium has a twice-daily dosing regimen. 

In addition, several fixed-dose combinations of LAMA and LABA were approved for market 

entry. These include combinations of glycopyrronium/indacaterol, umeclidinium/vilanterol and 

aclidinium/formoterol. The new combination tiotropium/olodaterol is expected to follow soon. 

There seems a clear pharmacologic rationale for combining two classes of bronchodilators31 and 

some studies indeed showed the added value compared to the use of a single bronchodilator.32

Several mechanisms, based on reciprocal potentiation, have been suggested to be responsible 

for a potential synergistic effect of combined bronchodilators.33

Therefore, fixed-dose dual bronchodilators could in theory maximize bronchodilation and over-

come variations in drug response as observed when using bronchodilator monotherapy. So far, 

results from clinical trials showed promising results regarding both FEV1 and patient reported 

outcomes for LABA/LAMA FDCs, as compared to tiotropium and LABA/ICS, however full ad-

ditive effects were not observed.34 

Lastly, a new fixed-dose combination of LABA/ICS was approved. Vilanterol/fluticasone furo-

ate is the first and only LABA/ICS combination allowing a once-daily regimen.35 While the new-

ly available treatment options differ on pharmacodynamics and pharmacokinetic properties, no 

comparative effectiveness trials have been conducted yet. Future developments are focussing 

on ‘triple therapy’, comprising LABA, LAMA and ICS components in a single device. The place 

of the new treatment options in COPD management guidelines still has to be established and 

underpinned by more clinical effectiveness trials.

Medication adherence in COPD

While efficacy of recommended medication in guidelines is proven in many randomized con-

trolled trials36-38, correct handling of inhalation devices can be difficult and (oropharyngeal) 

side-effects are common in real world use.25 Both factors contribute to suboptimal medication 

adherence with COPD inhaled therapy.39 

Definition of adherence

The definition of adherence encompasses the terms compliance and persistence. Compliance 

(often used interchangeable with adherence) is defined as ”the extent to which a patient acts in 

accordance with the prescribed interval and dose of a dosing regimen”.40 In COPD, adherence 

to the correct inhalation technique plays an important role as well.41,42 Persistence is defined as 

“the time from initiation till discontinuation of therapy”.40 

Measures of adherence

There are a number of direct and indirect methods available to measure the extent of adher-

ence.43 All methods have their own advantages and disadvantages as depicted in table 2. In-

depth patient interviews can provide insight in non-adherent behavior, yet they require regular 

face-to-face meetings and effective patient-provider communication.44 Pharmacy dispense re-
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cords have been advocated to be used in real-world use as they have shown a good correlation 

with actual use and are easy and cheap to obtain.45-47 However, this method of measuring ad-

herence lacks discriminative properties regarding different types of non-adherence and cannot 

detect a poor inhalation technique. Electronic monitoring seems promising, but is considered 

too costly, cannot measure inhalation technique and therefore mainly used in small research set-

tings.48 To date, there is no “gold” standard to measure and define adherence in an unbiased, 

reliable, quick and low-cost way.

Table 2: Different methods to measure adherence: pros and cons (adapted from Lareau 201043)

Method of measuring Advantage Disadvantage

Clinicians’ estimates Easy to obtain Unreliable

Patients’ self-reports Easy to obtain Unreliable, overestimation, risk of 

‘white coat’ adherence

Pill counts/weighing Easy to obtain Overestimates use, pill dumping

Pharmacy records Confirms prescription filling, 

long-term follow-up

Incomplete, biased estimates

Biologic measures Confirms ingestion Expensive, invasive, insensitive to 

inhaled drugs, affected by pharmaco-

kinetics and polypharmacy

Electronic monitoring Patterns of use, ingestion Expensive, limited availability and use, 

malfunctions

Extent of non-adherence in COPD

Adherence rates reported in asthma and COPD studies do vary greatly with rates between 

22% and 78%, depending on the population assessed and the methods of measuring.49 The 

most recent study from the Netherlands describing the extent of non-persistence reported three 

year dispensing patterns of long-acting inhaled COPD medication.39 This study used pharmacy 

dispensing data and defined a gap of 60 days without medication coverage as the cut-off for 

being non-persistent. Using this definition, the study showed that only 36% of the patients 

continued to take their medication for at least one year. A USA based study, used pharmacy 

refill data to calculate the medication possession ratio and a cut-off of minimal 80% of days 

covered with medication to define adherent patients. Using this definition, they reported that 

54% of the LABA users were adherent compared with 40% of the patients using ICS.50

Determinants of non-adherence in COPD

There is no single factor that determines whether a patient will be non-adherent to his or her 

medication. Non-adherence to COPD medication is multi-factorial and is influenced by the 

patient, the treatment and the society (Figure 2).51 Consequently, interventions to improve 

adherence could never follow a ‘one-size-fits-all’ principle, but need to be tailored to individual 
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patient needs instead. Some patients may need a different inhalation device, whereas others 

may just need reminders.

Figure 2: Determinants of non-adherence in COPD (adapted from Bourbeau 200851)

Impact of non-adherence in COPD

Factors associated with non-adherence to COPD medication include the medications’ dosing 

regimen, mortality, age, cost, the patient’s relationship with their healthcare provider and co-

morbidity.52-56 Note that most evidence on these associations was obtained in observational 

studies. Associations reported in these studies do not automatically mean there is a causal rela-

tionship between adherence and reported outcomes.

Improving adherence in COPD

In literature, only a limited number of studies reported on interventions that improved COPD 

therapy adherence. One study focused on improving inhalation technique. Before instruction 

78% made at least one error, and after instruction only 28%.57 Cost effectiveness of this in-

tervention was not assessed. Two other studies assessed the effects of a clinical pharmacists’ 

pharmaceutical care program and found significant improvements in adherence and number of 

hospitalizations.58,59 In this study, a self-reported measure of adherence was used, the Morisky 

adherence scale60 and cost-effectiveness was not assessed.

The so far largest study that focused on improving COPD medication adherence was performed 

in Belgium by Tommelein et al.61 This study focused specifically on improving adherence and 

used a protocolled approach that included motivational interviewing and tailored counseling. 

Results demonstrated that inhalation technique and medication adherence (as measured by 
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pharmacy records) was significantly improved. Cost-effectiveness of COPD disease manage-

ment programs has been studied before.62,63 A meta-analysis showed that such programs can 

lead to significant savings regarding hospital- and total healthcare costs.64 Yet, economic anal-

yses of COPD programs mainly focusing on medication adherence are limited and therefore 

recommended.65

Cost-effectiveness analysis

Due to the increasing burden of chronic diseases, such as COPD, on governmental healthcare 

budgets, there is an obvious need for economic evaluation of newly available treatments. To as-

sess the value of adherence enhancing interventions in patients with COPD, cost-effectiveness 

analyses can be used. Cost-effectiveness analyses are analytical techniques embedded within 

the field of health economics; the science concerned with the allocation of scarce resources in 

healthcare. Health economics is used to make sure that resources are fairly allocated, in such a 

way that health gains from this scarce budget are maximized. Note again that the aim is not to 

lower the total expenses, as governmental healthcare budgets are usually fixed. Within health 

economics, there are three main types of cost analyses to be chosen from.66

Type of economic analyses

Cost Minimization Analyses (CMA) is the least complex type of all economic analyses. Here, 

two or more treatment options are compared solely based on total costs and benefits of each 

treatment in monetary terms. This technique is often used when no differences in effect sizes 

are observed or expected in the effectiveness study (e.g. an equal number of exacerbations).

Cost Effectiveness Analysis (CEA) takes into account an effectiveness measure as well, besides 

the costs. In CEAs, an incremental cost-effectiveness ratio can be determined (ICER). The ICER 

can be calculated by dividing the difference in costs (∆C) between the treatment and compar-

ator, by the difference in effects (∆E). The effect measure can vary per analyses and is usually 

dependent on the data that is available (often based on the endpoint of a clinical effectiveness 

study). A disadvantage of CEAs is that their outcomes are difficult to compare across different 

disease areas. In COPD studies, these effect measures could for example be exacerbations, 

whereas in osteoporosis studies fractures are often used as effect measure. 

Cost Utility Analysis (CUA) is a special type of CEA. It is characterized by the fact that the effect 

measure is expressed in Quality-Adjusted Life Years (QALYs). Using QALYs allows for a direct 

comparison of cost-effectiveness estimates between different disease areas. In the Netherlands, 

CUA is therefore the preferred technique.67

Perspective

When performing an economic analysis, one of the main factors that should be considered 

is the perspective that should be taken, that is, who will be the one responsible for spending 

of the budget and who will gain from the benefits? The choice of the perspective determines 
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which costs and effects should be taken into account. The two perspectives most often used 

are the healthcare payer perspective (national health insurance) or the societal perspective. The 

difference between the two is that in the latter, besides direct medical costs (like medication, 

hospitalizations and primary care visits), also indirect costs (like productivity losses) are included. 

In The Netherlands, the societal perspective is recommended67, but in other countries different 

guidelines do apply. Another, less frequently used perspective is the perspective of the health-

care provider. The focus is this perspective is usually at salary, time investment (expenses) and 

reimbursement (gains).

Costs 

As been highlighted in the previous section, the perspective chosen determines what costs need 

to be included. The healthcare payer perspective only takes into account costs that are directly 

paid for by the national healthcare insurance, that is, the direct medical costs. Direct medical 

costs include medication, hospitalization costs and primary care costs. Other costs (included 

in the societal perspective) are indirect medical costs (e.g. travel expenses to the hospital) and 

indirect non-medical costs (e.g. work productivity losses).

CEA alongside RCTs versus modeling

Randomized controlled trials (RCTs) are the gold standard for unbiased assessment of efficacy 

and effectiveness. However, the value of RCTs with regard to cost-effectiveness analyses is 

more questionable. Some RCTs can provide useful data, but often they are not suitable as the 

(only) source for proper cost-effectiveness analyses. Many RCTs lack sufficient length, do not 

compare against usual care, do not measure hard clinical endpoints and do not collect cost 

data. Despite their excellent internal validity, the external validity of RCTs is usually considerably 

lower.

To overcome the aforementioned issues, several decision analytical frameworks have been de-

veloped. Among the most used frameworks are the decision trees and the Markov models. 

Models combine evidence from multiple sources and provide the possibility to extent the ev-

idence to different countries. In COPD, Markov models have often been used in health eco-

nomic evaluations of interventions68-70 and are a recommended approach to increase external 

validity and to allow for long-term follow-up.71,72

Sensitivity analyses

By combining, extrapolating and generalizing, models provide valuable information, but are 

never perfect. Therefore, assessment of uncertainty is of paramount importance when report-

ing the results of a cost-effectiveness analysis.73 Three main types of sensitivity analyses are the 

univariate sensitivity analysis, multivariate sensitivity analysis and the probabilistic sensitivity 

analysis. In the univariate analysis (one-way), the impact of varying each parameter one-by-

one on the final outcome is assessed. In multivariate analysis (two-way), two parameters are 
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varied at the same time. In a probabilistic sensitivity analysis all parameters are varied (within 

their parametric distribution) at once. The probabilistic sensitivity analysis provides a 95% con-

fidence interval for the cost-effectiveness estimate. Sensitivity analyses also offer the possibility 

to assess different scenarios (like future policy changes or expire of patents), identify cost-driv-

ers of an intervention and ways to improve the cost-effectiveness.

Health economic guidelines

Demonstration of cost-effectiveness is one of the requirements to be met for the reimburse-

ment of newly developed drugs in The Netherlands. The Dutch Zorginstituut (formerly known 

as College voor Zorgverzekeringen, CVZ) has published guidelines on how this assessment 

should be performed.67

More guidance on the several issues that need to be addressed in formal cost-effectiveness 

analyses is provided by the CHEERS-guidelines of the International Society of Pharmacoeco-

nomics and Outcomes Research (ISPOR).74 

Objectives of this thesis

This thesis aims to investigate pharmaceutical and economical aspects of COPD in both preven-

tion and treatment, with focus on issues around adherence. 

Outline of this thesis

Chapter 2 systematically summarizes the current evidence on the clinical and economic impact 

of non-adherence in patients with COPD. 

Chapter 3 is dedicated to the economic impact of COPD in the working age population, a 

population that if targeted has potentials for cost-effective interventions. While direct health-

care costs such as medication and hospitalizations are well described in literature, less is known 

about the impact of COPD on indirect costs like productivity, disability pensions and tax reve-

nue losses.

In Chapter 4, one specific factor that may be related to non-adherence in COPD, the occur-

rence of oropharyngeal side effects due to inhaled corticosteroids, is described. 

Chapter 5 assesses the association between reimbursement of smoking cessation treatments 

and medication adherence. In The Netherlands, a natural experiment was performed, with no 

reimbursement before 2010 and reimbursement in 2011. In 2012 reimbursement was discon-

tinued. As of 2013, smoking cessation was again reimbursed.

Chapter 6 focuses on the impact of inhaler devices (single-dose versus multiple-dose inhalers) 

on COPD patients’ persistence with long-acting beta2-agonists. The use of single-dose inhalers 

requires more complex and time consuming handlings in order to perform proper inhalation and 

it was investigated whereas this would decrease treatment persistence.

In the Chapter 7, a model was developed to predict mean utility values from data gathered with 

the Clinical COPD Questionnaire (CCQ). This mapping tool was needed as only few clinical 
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studies did include an outcome measure of general health-related quality of life (EQ-5D) to 

obtain QALYs.

Chapter 8 describes the economic evaluation of a randomized controlled trial performed in Bel-

gium (PHARMACOP). The intervention specifically focused on improving inhalation techniques 

and medication adherence in patients with COPD. The cost-effectiveness of the intervention 

was previously unknown.

Chapter 9 focuses on the effectiveness and cost-effectiveness of the Dutch Medication Mon-

itoring and Optimization (MeMO) program. The MeMO program specifically and efficiently 

targets those COPD patients with suboptimal pharmacotherapy as well as symptoms and a 

high risk for exacerbations. Consequently, not all patients are intervened as would be done in 

a ‘one-size-fits-all’ intervention program, but only those that may have the greatest potential 

benefits. This strategy is expected to favor cost-effectiveness.

The overall results of this thesis are summarized and discussed in the final part of this thesis. In 

this general discussion (Chapter 10), recommendations for future research, healthcare policy 

and clinical practice are provided.
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