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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. 
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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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CHAPTER 2
CLINICAL AND ECONOMIC IMPACT OF 
NON-ADHERENCE IN COPD

Previously published as:

Van Boven JF, Chavannes NH, van der Molen T, Rutten-van Mölken MP, Postma MJ, Vegter S.

Clinical and economic impact of non-adherence in COPD: a systematic review.

Respiratory Medicine 2014; 108(1): 103-113. 
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ABSTRACT

Background

Medication for Chronic Obstructive Pulmonary Disease (COPD) has shown to substantially 

reduce symptoms and slow progression of disease. However, non-adherence to medication is 

common and associated with worsened clinical and economic outcomes. 

Objective

The objective of this study was to perform a systematic review of published literature to assess 

the impact of non-adherence to COPD medication on clinical and economic outcomes.

Methods

A search in PubMed and Web of Science databases was conducted of original studies published 

from database inception to 2012. Studies must report on the association between adherence to 

COPD medication and outcomes, published in English in peer-reviewed journals and full texts 

needed to be available.

Results

Twelve full articles were included in the review. Most studies were retrospective database 

studies. Seven studies reported on the association between adherence and clinical outcomes, 

two on mortality, three on costs, four on quality of life and one on work productivity.  Results 

indicated a clear association between adherence and both clinical and economic outcomes. 

Evidence from studies revealed increased hospitalizations, mortality, quality of life and loss of 

productivity among non-adherent patients.

Conclusion

This review revealed a clear association between adherence to COPD medication and worsened 

clinical and economic outcomes making non-adherent patients a priority for cost-effective 

interventions. 
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INTRODUCTION

Medication for patients with Chronic Obstructive Pulmonary Disease (COPD) has demonstrated 

to improve disease symptoms and to avoid exacerbations. 1,2 However, efficacy reported in 

clinical trials may not reflect effectiveness in a real-world setting, and one of the major reasons 

is related to treatment adherence. Adherence (synonym: compliance) is defined as the extent to 

which a patient acts in accordance with the prescribed interval and dose of a dosing regimen. 3 

While therapy adherence in clinical trials is often relatively high, adherence to COPD medication 

in real world settings is far from optimal. 4 Factors associated with non-adherence to COPD 

medication include dosing regimen, comorbidity, age and cost. 5-7

Non-adherence in general has been linked to preventable morbidity and mortality and increased 

healthcare costs and productivity losses. 8-10 However, the clinical and economic consequences 

of non-adherence in COPD are not yet fully understood. 11,12 The objective of this study was 

to perform a systematic review of the literature assessing the clinical and economic impact of 

non-adherence in COPD.

METHODS

Review strategy

Literature searches were performed in February 2013 in the PubMed and Web of Science 

(ISI) databases including studies from database inception to 2012. Studies needed to measure 

patients’ adherence to COPD medication and its impact on clinical and/or economic outcomes. 

Search terms were combinations of disease-, medication-, adherence- and outcome terms.  A 

specification of the review protocol is provided in appendix 1.

Studies found were independently screened and underwent a quality assessment by two 

reviewers (JFMvB and SV). No major disagreement between the two reviewers occurred. A 

PRISMA flow diagram is provided in figure 1. 13

Eligibility

To be included, studies needed to meet the following inclusion criteria: 

(i) published in peer- reviewed journals, (ii) full text (i.e. no abstracts), (iii) in English (iv) and 

reflecting an original study. Non-English studies were not included as these tend to be smaller 

and of lower methodological quality. 14

Exclusion criteria

We excluded:  (i) studies assessing physician or patient adherence to guidelines, programs 

or oxygen (ii) studies including primarily asthma patients (iii) reviews, comments, conference 

abstracts, case reports or editorials  (iv) animal studies and  (v) studies reporting no clinical or 

economic outcomes. 
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Data extraction

The following information was extracted for each study:  (i) first author, country and year 

of publication, (ii) population characteristics (size, % male, mean age and FEV1%pred), (iii) 

medication assessed, (iv) method of measuring and defining adherence, (v) an outcomes 

summary (vi) absolute and relative outcomes including p-values. 

Quality assessment

The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) checklist 

was used as the tool for quality assessment of the included observational studies. 15 This 

checklist, containing 22 items, was operationalized into a series of questions for each study 

design, answered by “yes”, “partly”, “no” or “not applicable”. For each study, the proportion 

of adequately reported items (“yes”) from all applicable items was analyzed (appendix 2).

RESULTS

Study selection

A search in PubMed and Web of Science yielded 3,410 articles in total. Removing duplicates 

and screening of titles and abstracts identified 138 articles potentially relevant articles. After 

review of the full texts, twelve articles meeting the inclusion criteria remained.  Results of the 

selection process are presented in figure 1. Details of search results are provided in appendix 1. 

The quality assessment is presented in appendix 2.
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Figure 1: PRISMA-flow diagram

Overview of included studies

After exclusion of non-relevant studies, twelve studies remained that focused on the impact of 

non-adherence with COPD medication on costs and clinical effects. The measured outcomes 

varied from clinical symptoms like cough and dyspnea to mortality and costs (table 1). Most 

studies were retrospective database studies and had an average follow-up of one to two years. 

Two studies were cross-sectional analyses. 16,17 Population size varied between 24 18 and 55,076 

patients. 19 Most studies reported clinical outcomes; only three studies reported costs 17,19,20 and 

one study reported on the association between adherence and work productivity. 16

To measure adherence, most studies 16,17,19-21 used administrative or prescription databases. If a 

threshold was used to separate adherent patients from non-adherent patients, adherence was 

defined as 80% of the proportion of days covered (PDC) in the majority of studies. 16,17,20,22 
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Table 1: Characteristics of studies reporting outcomes associated with adherence to COPD therapy

Study (1st author, country, year) Study design (follow-up) Population Medication Adherence 

definition

Reported outcomes associated with 

adherence

Study quality (STROBE)

C
lin
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tc
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M
or
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lit

y

C
os

ts

Q
ua
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y 

of
 L

ife

Pr
od

uc
tiv

ity

Dompeling (Netherlands, 1992)18 Prospective intervention 

(1 year)

N = 24

Mean age: 55 

Male: 58%

FEV1%pred: 63

Beclomethasone 

dipropionate 400 μg 

plus salbutamol or 

ipratropium

PDC 80 - 120 X

17/28

Turner (US/Canada, 1995)23 Prospective cohort 

(1 year)

N = 985

Mean age: 61

Male: 81%

FEV1%pred: 41

Metaproterenol 

or other bron-

chodilators [all by 

nebulizer]

>25 minutes per 

day use of neb-

ulizer

X X X

18/26

Corden (UK, 1997)26 Prospective cohort 

(4 weeks)

N = 82 (74% COPD)

Mean age: 65

Male: 54%

FEV1%pred: NA

SABA, LABA, SAAC 

or corticosteroids 

[all by nebulizer]

PDC, 

no threshold

X

20/29

Matuszewski (US, 1999)24 Retrospective case control (1 year) N = 186

Mean age: 70

Male: 98%

FEV1%pred: NA

SAAC, LAAC, SABA, 

LABA, ICS, XAN

PDC, 

no threshold

X

19/28

Vestbo (Worldwide, 2009)22 Post hoc analysis of RCT (3 years) N = 6,112

Mean age: 65

Male: 76%

FEV1%pred: 44 

Placebo, SAL, 

FLU, Combination 

(SAL+FLU) 

PDC > 80 X X

28/32

Halpern (US, 2011)20 Retrospective database analysis 

(1.5 years)

N = 4,537

Mean age: 61

Male: 53%

FEV1%pred: NA

TIO or SAL+FLU MPR ≥ 80 X

26/30

Agh (Hungary, 2011) 28 Observational cross sectional N = 170

Mean age: 64

Male: 42%

FEV1%pred: NA

SABA, LABA, 

SAAC, LAAC, 

ICS, combinations

MMAS score ≥3 X

17/30

Butler (US, 2011)21 Retrospective longitudinal data-

base (3 years)

N = 24,138/3,231

Mean age: 66

Male:35%

FEV1%pred:NA

Not specified nonadherent days/

total days, no 

threshold

X

17/28
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Study (1st author, country, year) Study design (follow-up) Population Medication Adherence 

definition

Reported outcomes associated with 

adherence

Study quality (STROBE)
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Dompeling (Netherlands, 1992)18 Prospective intervention 

(1 year)

N = 24

Mean age: 55 

Male: 58%

FEV1%pred: 63

Beclomethasone 

dipropionate 400 μg 

plus salbutamol or 

ipratropium

PDC 80 - 120 X

17/28

Turner (US/Canada, 1995)23 Prospective cohort 

(1 year)

N = 985

Mean age: 61

Male: 81%

FEV1%pred: 41

Metaproterenol 

or other bron-

chodilators [all by 

nebulizer]

>25 minutes per 

day use of neb-

ulizer

X X X

18/26

Corden (UK, 1997)26 Prospective cohort 

(4 weeks)

N = 82 (74% COPD)

Mean age: 65

Male: 54%

FEV1%pred: NA

SABA, LABA, SAAC 

or corticosteroids 

[all by nebulizer]

PDC, 

no threshold

X

20/29

Matuszewski (US, 1999)24 Retrospective case control (1 year) N = 186

Mean age: 70

Male: 98%

FEV1%pred: NA

SAAC, LAAC, SABA, 

LABA, ICS, XAN

PDC, 

no threshold

X

19/28

Vestbo (Worldwide, 2009)22 Post hoc analysis of RCT (3 years) N = 6,112

Mean age: 65

Male: 76%

FEV1%pred: 44 

Placebo, SAL, 

FLU, Combination 

(SAL+FLU) 

PDC > 80 X X

28/32

Halpern (US, 2011)20 Retrospective database analysis 

(1.5 years)

N = 4,537

Mean age: 61

Male: 53%

FEV1%pred: NA

TIO or SAL+FLU MPR ≥ 80 X

26/30

Agh (Hungary, 2011) 28 Observational cross sectional N = 170

Mean age: 64

Male: 42%

FEV1%pred: NA

SABA, LABA, 

SAAC, LAAC, 

ICS, combinations

MMAS score ≥3 X

17/30

Butler (US, 2011)21 Retrospective longitudinal data-

base (3 years)

N = 24,138/3,231

Mean age: 66

Male:35%

FEV1%pred:NA

Not specified nonadherent days/

total days, no 

threshold

X

17/28
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FLU: Fluticasone, ICS: Inhaled Corticosteroids, LABA: Long-Acting Beta Agonists, LAAC: Long Acting Anticholinergics, 

LEU: Leukotrienes, MMAS: Morisky Medication Adherence Scale, MPR: Medication Possession Ratio, NA: Not available, 

PDC: Proportion of days covered, RCT: Randomized Clinical Trial, SAAC: Short Acting Anticholinergics, SABA: Short 

Acting Beta Agonists, SAAC: Short Acting Anticholinergics, SABA: Short Acting Beta Agonists, SAL: Salmeterol,  TIO: 

Tiotropium, XAN: Xanthine

Study (1st author, country, year) Study design (follow-up) Population Medication Adherence 

definition

Reported outcomes associated with 

adherence

Study quality (STROBE)

Takemura 

(Japan, 2011)25

Cross sectional questionnaire N = 55

Mean age: 69

Male: 73%

FEV1%pred: 68

LAMA, LABA, 

SABA, ICS

Self-report ques-

tionnaire score>4

X

17/29

Toy 

(US, 2011)19

Retrospective database 

(1 year)

N = 55,076

Mean age: 69

Male: 43-53%

FEV1%pred:NA

SAAC, LABA, LAAC PDC, no threshold X X

21/28

Carls 

(US, 2012)16

Retrospective cross sectional (1 

year)

N = 20,985

Mean age: 46-52

Male: 54%

FEV1%pred: NA

ICS, LEU, mast cell 

stabilizers, XAN, 

LAMA/SAMA, 

LABA, CORT

PDC >80 X

26/30

Simoni-Wastila 

(US, 2012)17

Retrospective cross sectional (1.5 

year)

N = 33,816

Mean age: 71

Male: 35%

FEV1%pred: NA

ICS, ICS+LABA, 

SAAC, LAAC, XAN 

Continuation: No 

gap > 3 months

Adherent: PDC≥80

X X
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Clinical outcomes

Seven studies explored the impact of non-adherence on clinical outcomes, with a primary 

focus on hospitalizations. Two studies reported significantly fewer hospitalizations in adherent 

patients 17,22 

The Simoni-Wastila et al study was a retrospective cross-sectional study, included 33,816 

COPD patients identified from an administrative database and had a maximum follow-up of 

1.5 years. Both medication continuity (persistence) and proportion of days covered (PDC) was 

assessed and patients with a PDC≥0.80 were considered adherent.

In adherent  and continuing patients significant lower hospitalization rates were observed. The 

second study, by Vestbo et al, was a post-hoc analysis of the large multinational TORCH trial in 

which  6,112 COPD patients were followed for 3 years. 2 Good adherence was defined as >80% 

use of study medication, counted by a dose counter on the inhaler device. Results showed 

that good adherence was significantly associated with a  lower rate of severe exacerbations, 

independent of study treatment.

One study found a non-significant association between adherence and fewer hospital days. 
23 In this 1-year prospective cohort study (by Turner et al) 985 COPD patients were stratified 

in two adherence groups based on average number of minutes using nebulizer therapy. The 

median observed time of 25 minutes was used as cut-off for being adherent or not. For this 

study, the lack of significance may be explained by the use of this nonconventional method of 

defining adherence. 
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In contrast, one study found no difference in non-adherence between hospitalized and non-

hospitalized patients. 24 This study, by Matuszewski et al, used a case-control design. The 

population included 93 patients hospitalized for exacerbation of COPD and 93 control patients 

with COPD who were non-hospitalized. Non- compliance was calculated by dividing the 

number of days without medication by the total days of medication prescribed during the study 

(365 days). Results showed no significant difference in mean non-compliance ratio. However, 

results may be prone to bias as there was a significant difference in the number of medications 

used between cases and controls which is not only affecting adherence but is also a surrogate 

indicator of disease severity, implicating that if patients experience a hospitalization those are 

generally the more sicker group. Therefore, the value of using a case-control design for this 

purpose can be questioned. Two studies found a significant  association between adherence and 

emergency department (ED) visits. 19,21 Toy et al analyzed the relationship between adherence, 

daily dosing regimen, healthcare resource utilization (inpatient, outpatient and ED visits) and 

costs. A large administrative claims database was used to identify COPD patients (N=55,076). 

Adherence was measured as proportion of days covered (PDC) over a 1-year period after 

initiation of treatment. Results of a multivariate regression model showed that a 5% increase in 

adherence would lead to a 2.6% reduction in hospital visits and a 1.8% reduction in ED visits. 

The other study, from Butler et al aimed, using a retrospective longitudinal design, to determine 

the association between adherence to medication and total (non-disease specific) emergency 

department visits. They especially focused on long-term benefits of adherence. Data on the use 

of prescription drugs were obtained from a national Medical Expenditure Panel Survey (MEPS), 

but specific medication was not specified. The non-adherence ratio was calculated by dividing 

the number of non-adherent days by the total days in a year.

While no significant short term effects of adherence on number of ED visits were observed, 

long-term effects of non-adherence were detected. 

Other clinical outcomes that were associated with adherence included pulmonary symptoms 

(cough, phlegm and dyspnoea), decrease in lung function and provocative concentration 

causing a 20% fall in FEV1 (PC20) during steroid treatment. 18,23 However, these results were 

based on studies with either a small population (Dompeling et al) or were measured in patients 

using nebulized therapy only (Turner et al) making results less generalizable.

Mortality

Only two studies investigated the association between adherence and mortality. The study by 

Vestbo et al 22 showed that good adherence was not only associated with decreased risk of 

severe exacerbations but also with a decreased risk of death. Using different threshold levels to 

define adherence, revealed a hierarchic association between rate of adherence and mortality: 

the lower the adherence, the higher the mortality. However, authors noted that patients 

with poor adherence may have had more comorbidities with multiple medications affecting 

adherence and prognosis, which may have biased the results. Remarkable was that the effect 
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of adherence was as strong in the placebo group as in the group treated with medication, which 

is referred to as the ‘healthy adherer effect’:  adherence to therapy is an indicator for an overall 

healthier lifestyle. In contrast, the other study, by Turner et al 23 found no significant differences 

in mortality between adherent and non-adherent patients. However, the lack of significance 

may be, just as for the other clinical outcomes, due to the use of a nonconventional threshold 

for adherence. 

Costs 

Three studies were identified describing the association between adherence and costs. 17,19,20  

The Simoni-Wastila et al study showed that adherent patients had higher costs for prescription 

medication compared with non-adherent patients. However, these costs were offset by lower 

inpatient-  and outpatient costs resulting in lower total spending for adherent compared to 

non-adherent patients. 

The second study was the administrative database analysis of Toy et al. In addition to the 

influence of a 5% increase of adherence on healthcare utilization they also calculated related 

costs. To obtain a cost estimate reflecting the national population, patient data were weighted. 

Increasing PDC with 5% resulted in lower expenditures for inpatient- and ER visits. In contrast, 

costs for outpatient visits would slightly increase, resulting in an overall net cost reduction.

The retrospective claims analysis from Halpern et al compared adherence  and outcomes 

between COPD patients initiating tiotropium (n=1,561) or salmeterol/fluticasone (n=2,976) 

therapy using  claims data from a large national US health plan. Follow-up was at least one year 

with a maximum follow-up of 1.5 years.

Adherence was defined as a medication possession ratio (MPR) ≥0.80. Pharmacy costs were 

higher in adherent patients compared with non-adherent patients. In contrast, in inpatient stay 

costs were lower in adherent patients as compared with non-adherent patients. 

All studies found, not surprisingly, that medication costs were higher in adherent patients 

compared with non-adherent patients. In contrast, inpatient stay (hospitalization) costs were 

lower in adherent patients compared to non-adherent patients in all studies. In the study of 

Halpern et al 20 adherence was associated with lower respiratory related medical costs but overall 

health care costs in adherent patients where higher compared with non-adherent patients, 

which may be explained by a possible ‘healthcare seeking behavior’ of adherent patients. The 

two remaining studies found lower total healthcare costs in adherent patients. 17,19 Regarding all 

costs, standard deviations were considerable, indicating large between patient variation. 



38

2

ENHANCING ADHERENCE IN PATIENTS WITH COPD

Quality of life

Four studies assessed the impact of non-adherence on health related quality of life (HRQoL). 

The instruments used to measure HRQoL differed between studies. Two studies 25,26 used the 

St. George’s Respiratory Questionnaire (SGRQ), which is COPD specific, widely applied in the 

field of COPD and is considered a suitable tool to assess quality of life.27 The Corden et al 

study was a small (n=82) 4–week prospective cohort study in patients using  nebulized therapy. 

74% were COPD patients and most patients were using bronchodilators. Patients’ adherence 

was measured using data loggers attached to the nebulizer. Poor compliance was defined as 

taking less than 70% of the prescribed treatment. The second study, from Takemura et al 

was a cross-sectional analysis of 88 COPD patients and assessed factors related to inhalation 

therapy adherence and its correlation with quality of life.  Adherence was measured using a 

self-reported questionnaire where patients with a score of ≥ 4 (on a 5-point Likert scale) were 

considered adherent. 

Both studies showed that the SGRQ total, symptoms and impact scores were negatively 

correlated with adherence, although the association with symptoms and impact scores did not 

achieve statistical significance in the Corden et al study, which may be due to the relatively small 

study population. 26 On the other hand, note that the Takemura et al study applied a method 

of self-reported adherence that may have biased patient adherence in a positive direction and 

thereby have resulted in an overestimation. 25

In contrast, another study found an association between adherence and lower HRQoL as 

measured with the EQ-5D. 28 

The Agh et al study was an observational cross sectional study in 170 COPD outpatients from 

Hungary. Adherence was measured with the Morisky Medication Adherence Scale (MMAS) 

and patients scoring ≥ 3 (out of 4) were considered adherent. 

The EQ-5D is a general instrument and therefore may not be sensitive to COPD specific HRQoL; 

furthermore better quality of life may be considered a trigger for non-adherence. In addition, 

patient’s decision regarding adherence was suggested a personal trade-off between benefits of 

treatment and the associated negative effects (lifestyle changes, side effects). 

Other HRQoL-tools used included the Sickness Impact Profile (SIP), the Profile of Mood States 

(POMS), and the Recent Life Changes Questionnaire (RLCQ); for the latter a significant 

association was found between non-adherence and a more disrupted home and family life. 23 

This prospective cohort study in patient using nebulized therapy (by Turner et al) demonstrated 

that an unstable environment may have a negative effect on treatment adherence, especially 

when the medication regimen requires adjustments in daily living.

Productivity

Regarding the association between adherence and productivity only one study was identified. 
16 This  1-year retrospective cross sectional analysis of administrative health care claims by 

Carls et al aimed to estimate the impact of medication adherence on absenteeism and short-
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term disability. A population of 5,417 (absenteeism) respectively 20,985 (short term disability) 

patients with asthma/COPD was assessed. Employees were classified adherent as the proportion 

of days covered was ≥80% and during hospital days patients were assumed to be adherent. 

Results were corrected for switching between medication and relevant confounders. However, 

no clear distinction was made between asthma and COPD patients in particular. Adherent 

patients were significantly fewer days absent from work and had fewer days of short-term 

disability. In their discussion the authors estimated the potential annual savings of adherent 

employees compared with non-adherent employees around $1,714 per employee. Short term 

absenteeism accounted for $178 to $833 per employee per year. 
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Table 2: Outcomes associated with adherence to COPD therapy

Absolute outcomes Relative outcomes Significance

Study Outcome specification Non-adherent Adherent p-value

Clinical outcomes

Dompeling18    r  
 
 
 

Pulmonary symptoms NR 0.57 0.036

Change in FEV1 NR 0.6 n.s.

Change in PC20 NR 0.72 0.031

Turner23  

 
 
 

Change in FEV1 -0,034 -0,04 NR n.s.

Days hospitalized 4,2 3,8 NR n.s.

Matuszewski24    
  Hospitalizations NR n.s.

Vestbo22 Rate ratio

  Hospitalizations 0,27 0,15 0.58 (0.44-0.73) <0.001

Butler21 Hazard Rate

  ED visits NR 1,011 n.s.

Toy19   Difference (%)  

 
 
 
 

ED visits 802 817 -15 (-1.8%) NR

Hospitalizations 1275 1243 -33 (-2.6%) NR

Hospital days 5906 5720 -186 (-3.1%) NR

Outpatient visits 16981 17010 29 (+0.2%) NR

Simoni-Wastila17   Adjusted RR  
  Hospitalizations 1,13 0,88 0.90 (0.87-0.93) <0.05

Mortality

Turner23

  Percentage died 22,6% 23,7% NR n.s.

Vestbo22 Hazard Rate

  Percentage died 26,4% 11,3% 0.40 (0.35-0.46) <0.001

Economic outcomes

Halpern20 Cost ratio

 

 

 

Healthcare costs NR 1.469 (1.13-1.91) <0.01

Medical costs NR 0.629 (0.43-0.91) <0.05

Inpatient costs NR 0.466 (0.30-0.72) <0.01
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Absolute outcomes Relative outcomes Significance

Study Outcome specification Non-adherent Adherent p-value

Toy19   Difference (%)  
 
 
 

ED costs $412.658 $405.248 -$7.410 (-1.8%) NR

Hospital costs $11.635.099 $11.338.501 -$296.598 (-2.6%) NR

Outpatient costs $1.867.863 $1.871.082 $3.219 (+0.2%) NR

Simoni-Wastila17  Marginal effects  
 
 
 

Inpatient costs $19.594 $14.061 -$4.609 <0.001

Outpatient costs $12.664 $11.450 -$606 <0.001

Drug costs $7.546 $9.190 $1.654 <0.001

Quality of Life

Turner23      
 
 
 

POMS total score 26,3 27,7 NR n.s.

SIP total score 16,3 16,5 NR n.s.

RLCQ home score 1,22 1,04 NR 0.04

Corden26   r

 
 
 

SGRQ symptoms NR -2,201 0.054

SGRQ impact NR -2,213 0.053

SGRQ total NR -2,477 0.03

Agh28      
  EQ-5D 0.62 0.50 NR 0.001

Takemura25 r  
 
 
 
 

SGRQ symptoms NR -0,43 0,002

SGRQ impact NR -0,35 0,011

SGRQ activities NR -0,17 n.s.

SGRQ total NR -0,35 0,023

Productivity

Carls16 Difference

 

 

Absent days NR -7,1 (-3,0 -  -11,7) <0,05

Short-term disability 

days

NR -3,7 (-1,7  -  -5,8) <0,05

NR: not reported; n.s.: not significant
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DISCUSSION

Main findings 

This review revealed a clear association between adherence to COPD medication and both 

clinical and economic outcomes. Evidence from the twelve studies included, showed increased 

hospitalizations, mortality, quality of life and loss of productivity among non-adherent patients. 

Several key elements were uncovered regarding the direction of this association reported in 

adherence studies measuring clinical symptoms. Adherence alone is not always sufficient to 

obtain improved clinical outcomes, but rather the combination of continuous use (persistence) 

in combination with high adherence. 17 Furthermore, the omission to include long-term effects 

of non-adherence may cause an underestimation of the actual costs and effects of non-

adherence. 21 

Vestbo et al 22 provides evidence for an association between high adherence and significantly 

decreased mortality in patients with moderate to severe COPD. Note that  this evidence is 

based on a selective trial population, so generalizing these results towards the complete COPD 

population may be tendentious. 29 Three recent studies described the association between 

adherence and costs and showed some clear patterns. Not surprisingly, costs of medication will 

increase when adherence is increased. However, both medical (inpatient) and total costs are 

likely to decrease in adherent patients as reported by Toy et al and Simoni-Wastila et al.17,19 

Halpern et al did not observe effects on total costs, which was explained by a higher healthcare 

seeking behavior of adherent patients. 20

Regarding quality of life, studies showed contrasting effects by reporting either small positive 

or small negative effects of improved adherence. 23,25,26,28 It was suggested that better quality of 

life may be considered a trigger for non-adherence. 23,28 Good adherence requires some rigorous 

adjustments in patients’ daily life and this may have a negative reflection on their perceived 

quality of life, outweighing for instance the benefits of somewhat less frequent exacerbations. 28 

The association between adherence and work productivity was least described, but evidence 

indicated that adherence was significantly associated with reduced days off work, putting a 

high burden on societal expenses. 16 Further research on work productivity is recommended, as 

better understanding of this topic would be of great value in order to reduce non-adherence 

related costs in the working age population. 30

An overall interesting theory some studies refer to is the so called ‘healthy adherer effect’. 17,22  

The healthy adherer effect assumes that therapy adherence is a surrogate marker for an overall 

healthy behavior. 22 This raises the question whether better clinical and economic outcomes can 

be solely explained and established by the improvement of patients’ medication adherence, 

or rather by an extensive change in patients’ behavior (lifestyle, adherence to co-medication).
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Limitations and considerations 

Though the association between adherence and outcomes is rather clear, evidence is mainly 

based on observational studies not well-suited to measure any causal effect of non-adherence. 

On the other hand, compared to clinical trials, observational studies provide long-term ‘real 

world’ evidence as seen in daily practice, thereby providing important added value regarding 

the generalizability of results among the overall COPD population. 

To include all the evidence, no stringent inclusion criteria related to the design of the studies 

were applied. As a result a wide variety of studies was included, making it difficult to combine 

quantitative results and synthesize evidence through a meta-analysis. In this review, unpublished 

and non-English studies were excluded; although non-English works have been shown to result 

in limited added value 14 this may be considered a limitation of our literature search. 

Regarding measurement of adherence, most studies used prescription refill data from pharmacy 

or administrative databases. Although prescription records provide a relatively cheap and fast 

platform to obtain adherence data, a prescription may not guarantee patients have actually 

taken their medication, or when taken, used their inhalers correctly. Mishandling of inhalers is 

common and also associated with reduced disease control. 31 Some studies used self-reported 

adherence but these were considered to be prone to patient information bias in a positive 

direction. 32

Furthermore, although well accepted in current literature, the most often used threshold of 80% 

of the proportion of days covered remains rather arbitrary. Electronic pills count or measuring 

blood serum levels may provide a more accurate way of measuring adherence but are expensive 

and invasive. Database studies often lacked information on disease severity. To overcome this 

limitation, two studies recommend to use proxies for disease severity such as use of oxygen or 

the number of prior hospitalizations. 17,19 

It is recommended to assess the effect of different levels of adherence on medication efficacy 

in prospective clinical trials. It would be of great value to report the effect of non-adherence on 

the effectiveness of the therapy, as in ‘real life’ adherence is much lower than in trials performed 

in a highly controlled setting. 4,33 These measurements would also provide some evidence on the 

minimum effective dosing regimen needed to still obtain a high benefit from COPD medication. 

To fully understand the long-term clinical and economic effects of non-adherence, the time 

patients are followed should be extended to a period more than one year. Longitudinal disease 

control should be measured using validated questionnaires like the SGRQ 27, Clinical COPD 

Questionnaire (CCQ) 34 or COPD Assessment Test (CAT). 35 One of the problems may be the 

difficulty of avoiding that patients are aware that their adherence behavior is being monitored.

Implications for future research, policy and practice

Interventions that improve adherence (behavior) are recommended, focusing not only on 

adherence to medication but on the total ‘package’ of modifying patients’ adherence behavior 

as a whole.
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Adherence is dependent on the patient, treatment and societal factors. 5-7 Strategies to improve 

adherence have been described 36 and include increasing patients’ knowledge about self-

management, enhancing healthcare providers’ communication skills and counseling. 

There is some evidence that interventions can increase patients’ adherence to COPD medication 
25, but in general studies assessing both the effect on adherence and the effect on outcomes are 

limited. 37 Further studies are recommended to identify the most (cost)effective interventions to 

improve medication adherence in patients with COPD. Latest studies show that interventions 

need to focus on both adherence as well as continued use (persistence) to fulfill the maximal 

potential of improved health and economic outcomes. 17

Regarding the association between non-adherence and overall worsened outcomes, targeting 

on specific patients in need of interventions will be facilitated by actively searching for patients 

with suboptimal adherence to COPD therapy.  These ‘targeted’ interventions are expected to be 

highly cost-effective compared with interventions using a ‘one-size-fits-all’ principle.

CONCLUSIONS

This review showed a clear association between adherence to COPD medication and clinical and 

economic outcomes, making non-adherent patients a priority for cost-effective interventions. 
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APPENDIX 1: Search strategy

Period of performing searches: February 2013

Search limits

Studies in humans 

Only English language

Published in peer reviewed journals

Full text available

Keywords

Disease terms ‘COPD’ OR ‘Chronic Obstructive Pulmonary Disease’ OR ‘Emphysema’ OR 

‘Chronic bronchitis’ 

Medication terms

‘Medication’ OR ‘therapy’ OR ‘pharmacotherapy’ OR ‘treatment’ OR ‘drugs’ OR  ‘inhalers’ 

OR ‘inhaled corticosteroids’ OR  ‘Anti-inflammatory’ OR ‘ICS’ OR ‘budesonide’ OR 

‘beclomethasone’ OR ‘fluticasone’ OR ‘ciclesonide’ OR ‘bronchodilators’  OR ‘beta-agonists’ 

OR ‘SABA’ OR  ‘salbutamol’ OR ‘terbutaline’ OR ‘fenoterol’  OR  ‘albuterol’ OR ‘LABA’ OR 

‘salmeterol’ OR ‘formoterol ‘ OR ‘indacaterol‘ OR ‘anticholinergics’ OR  ‘LAMA’  OR ‘LAAC’ OR 

‘tiotropium’ OR ‘SAMA’ OR ‘SAAC’ OR  ‘ipratropium‘ OR ‘FDC’ OR ‘Fixed dose combination’ 

OR ‘maintenance’

Adherence terms

‘Adherence’ OR ‘Compliance’ OR  ‘Persistence’ OR ‘Refill’ OR ‘discontinuation’ OR 

‘concordance’ OR ‘medication possession ratio’ OR ‘MPR’ OR ‘Patient days covered’ OR ‘PDC’ 

OR ‘noncompliance’ OR ‘nonpersistence’ OR ‘non-compliance’ OR ‘non-persistence’ OR 

‘nonadherence’ OR ‘non-adherence’ OR ‘persistent’ OR ‘adherent’ OR ‘compliant’

Outcome terms

‘Healthcare costs’ OR ‘costs’ OR ‘economic’ OR  ‘impact’ OR ‘outcomes’ OR ‘effects’ OR 

‘expenditures’ OR ‘spending’ OR ‘exacerbations’ OR ‘hospitalizations’ OR ‘benefits’ OR 

‘burden’ OR ‘consequences’ OR ‘admissions’ OR ‘resources’ OR ‘emergency’ OR ‘quality of 

life’ OR ‘symptoms’ OR ‘mortality’

Combined

(COPD OR Chronic Obstructive Pulmonary Disease OR Emphysema OR Chronic bronchitis) 

AND (Adherence OR Compliance OR Persistence OR Refill OR discontinuation OR concordance 

OR medication possession ratio OR MPR OR Patient days covered OR PDC OR noncompliance 

OR nonpersistence OR non-compliance OR non-persistence OR nonadherence OR non-
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adherence OR persistent OR adherent OR compliant) AND (Healthcare costs OR costs OR 

economic OR impact OR outcomes OR effects OR expenditures OR spending OR exacerbations 

OR hospitalizations OR benefits OR burden OR consequences OR admissions OR resources 

OR emergency OR quality of life OR symptoms OR mortality) AND(Medication OR therapy 

OR pharmacotherapy OR treatment OR drugs OR  inhalers OR inhaled corticosteroids OR  

Anti-inflammatory OR ICS OR budesonide OR beclomethasone OR fluticasone OR ciclesonide 

OR bronchodilators OR beta-agonists OR SABA OR salbutamol OR terbutaline OR fenoterol 

OR  albuterol OR LABA OR salmeterol OR formoterol OR indacaterol OR anticholinergics OR  

LAMA OR LAAC OR tiotropium OR SAMA OR SAAC OR  ipratropium OR FDC OR Fixed dose 

combination)

Search strategy

1. Search disease terms

2. Search medication terms

3. Search adherence terms

4. Search outcomes terms

5. Combine disease, medication, adherence and outcomes terms

6. Exclude reviews, editorials and other non-research articles

7. Screen titles and abstract for studies on the effects of (non-)adherence to COPD 

medication on outcomes

PubMed search results

1. Disease terms: 35,463

2. Medication terms: 3,494,636

3. Adherence terms: 272,959

4. Outcomes terms: 5,141,158

5. Combined terms: 1,552

6. Combined terms and full text available: 1,332

7. Articles excluded: 1,231

8. Final selection: 101

ISI search results

1. Disease terms: 116,354

2. Medication terms: 13,413,950

3. Adherence terms: 1,150,760

4. Outcomes terms: 23,565,599

5. Combined terms: 2,078

6. Combined terms and full text available: 2,078

7. Articles excluded: 1,991

8. Final selection: 87
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APPENDIX  2: Quality assessment of the selected studies with the STROBE checklist

Y: Yes; N: No; P: Partly; N/A: Not Applicable

Prop: The proportion of adequately reported items (“yes” responses) of all applicable items
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CHAPTER 3
THE ECONOMIC IMPACT OF COPD IN
THE WORKING-AGE POPULATION 

 

Previously published as:

Van Boven JF, Vegter S, van der Molen T, Postma MJ.

COPD in the working age population: The economic impact on both patients and government. 

COPD 2013;10(6): 629-639. 



54

3

ENHANCING ADHERENCE IN PATIENTS WITH COPD

ABSTRACT

Objectives

To explore the full economic impact, on both patients and government, as a result of COPD in 

the working age population

Methods

The economic impact of COPD due to medical treatment, impaired productivity and early re-

tirement was assessed in a cross sectional cost analysis of the Dutch COPD population aged 

45-64 years. The costing year was 2009 and input parameters were derived from both national 

data sources and the international COPD uncovered survey. 

Results

While direct medical costs for COPD patients of working age were relatively low (€91 million), 

the amount of lost productivity (income) due to early retirement (€223.1 million) exceeded over 

two times their medical costs. In addition, costs for the government were considerable because 

of lost tax revenues (€77 million) and COPD related disability pensions paid (€180 million). 

Apart from lost productivity due to early retirement, costs due to impaired productivity for 

working COPD patients were €63.1 million.

Conclusion

The costs of COPD for both patients of working age as for the government were considerable, 

making this population a priority for prevention and intervention programs of healthcare pro-

viders, employers and government. 
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INTRODUCTION

Chronic Obstructive Pulmonary Disease (COPD) is a progressive chronic respiratory disease 

characterized by non-fully reversible airway obstruction and chronic inflammation due to nox-

ious particles and gases.  COPD affects over 210 million people worldwide and is predicted to 

be the third leading cause of death by 2030. 1 In The Netherlands, COPD is estimated to affect 

over 320,000 patients and 6,000 of these patients die annually from the disease. 2

Currently, no curative treatment is available. The best option to prevent COPD from developing 

into more severe states is smoking cessation. Besides smoking cessation and some other lifestyle 

interventions (physical activity, healthy diet), pharmacologic treatment may help to control dis-

ease symptoms. 

Total direct medical costs for COPD in The Netherlands have been estimated to be around €280 

million in 2000 and may rise up to €495 million in 2025. Main cost drivers are hospitalizations 

(27%), medication (22%) and homecare (19%). 3

Though COPD has long been considered a disease of elderly men,  nowadays its prevalence 

in the younger population of people aged 45-65 years– a population which is still working- is 

more recognized and  increasing in both men and women. Between the age of 45 to 64 years 

the incidence increases from 1.8 to 7.1 per 1,000 for men and 2.8 to7.9 per 1,000 for women. 
2 This age group represents over one quarter of the total population and many in this group 

have  significant economic and social responsibilities. Two-thirds of the income earned by the 

working population is earned by those between 45 and 64 years. 4 They are also the group with 

the greatest spending power and the ones who pay the highest taxes, thereby contributing the 

most to the costs of healthcare, education and other social and public services.

Recently, results from the international COPD uncovered survey showed that 26% of people 

with COPD aged 45-68 years reported that they gave up work because of their COPD. For 

those currently working, 22.9% reported that COPD affected their work productivity. 5 

While the direct medical costs of COPD have been extensively studied, 3,6 relatively few stud-

ies have focused on the  indirect costs due to COPD. Scarce previous studies did show that 

indirect costs reflect a high proportion of total costs in The Netherlands as well as in other 

countries. 7,8 Moreover, COPD related governmental costs, including disability pensions paid 

and tax revenues lost, have never been studied before.

Estimates of the economic impact of COPD will enable the exploration of cost implications re-

lating to changes in the key drivers of directs and indirect costs. The objective of this study is to 

explore the full economic impact, on both patients as government, as a result of COPD in the 

working age population, using The Netherlands as an example. 
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METHODS 

A cost calculator was constructed consisting of three separate modules estimating costs of 

COPD in 2009: direct medical costs, costs due to early retirement and costs of impaired pro-

ductivity. Technical details and input parameters of the cost calculator are described in the 

appendix. 

Direct medical costs

The direct medical costs for COPD are all costs related to diagnostics, (pharmaco)therapy, hos-

pitalization, revalidation and nursing as a result of COPD. The annual direct medical costs for 

patients aged 45-64 have previously studied and were therefore obtained from a recent Dutch 

cost-of-illness study 3,9 and inflated to 2009 values. 10 These costs included costs for primary 

care, specialist visits, emergency room visits, hospitalizations, nursing, oxygen therapy, lung 

transplantations,  influenza vaccinations and medication.  

To provide a country-level estimate of the direct medical costs of COPD among the entire 

working age population, the per-patient costs were multiplied by the number of COPD patients 

of working age (45-64 years). The number of COPD patients of working age was estimated 

using Dutch age and sex specific prevalence data multiplied by population estimates.  The direct 

medical costs were primarily used as a reference; details of the direct medical cost estimates are 

provided elsewhere. 9,11

Costs due to early retirement

The economic impact due to early retirement was estimated using a patient flow diagram (ap-

pendix figure 1A), which followed COPD patients from age 45 to 64 years. Every five years 

the patients had a certain probability to retire from a general cause (calculated by proxy using 

the age and sex specific national labour force participation rates) or specifically due to COPD 

(calculated by proxy using the age and sex specific successful national disability pension ap-

peals). As COPD is usually accompanied by several comorbidities we took into account all 

disability appeals with COPD as primary diagnosis but also those with COPD as comorbidity. In 

a sensitivity analysis we only used those appeals with COPD as primary diagnosis. In addition 

to the probability of retirement, every five years the patients had a certain age and sex specific 

probability to die from a general cause or due to COPD.

The analysis was repeated for non-COPD patients entering the patient flow diagram.  Those 

patients had the same transition probabilities with the exception that they had no additional 

probability to die or retire due to COPD.

Costs for the patient

Costs for the patient included lost productivity (earnings) due to early retirement. This was 

calculated by subtracting the total time a COPD patient was alive and working from the total 

time a non-COPD patient was alive and working, multiplied by age and sex specific net annual 
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earnings. As COPD patients tend to have lower socio-economic status,  12,13 70% of the average 

national annual earnings were applied.

Costs for the government

The costs for the government comprises two pillars: tax revenue lost and disability benefits paid. 

Tax revenue lost

Annual tax revenue lost was based on the difference in total age and sex specific gross income 

(earnings and pension(s)) between patients with- and without COPD, multiplied by the Dutch 

income tax and national insurance rates. Due to the complexity of the tax system all patients 

were assumed to be civil servants.

Disability pensions

The annual amount paid for disability pensions was based on the difference in age and sex spe-

cific time patients were alive and retired between patients with- and patients without COPD, 

multiplied by the age and sex specific value of the disability pension. 

In the base-case scenario we took into account all disability pensions with COPD as primary 

diagnosis or COPD as comorbidity. In addition, we calculated the costs for disability pensions 

with COPD as primary diagnosis only.

Impaired productivity 

Not all COPD patients will immediately retire because of their COPD.  However, COPD may 

affect the work productivity while being still part of the labour force. The international COPD 

uncovered survey quantified the impact of COPD on impaired productivity. Impaired productiv-

ity included absenteeism (hours of work missed due to illness), presenteeism (impact of illness 

on productivity while at work), work productivity loss (combined impact of absenteeism and 

presenteeism) and activity impairment (regular activities). Further details of their methods and 

results are described separately. 5 

As no specific Dutch data were available in the base-case scenario the UK values were used 

as they were previously shown  to be comparable to The Netherlands. 7 In the UK annual im-

paired productivity was 6.2% for men (N=45, mean age: 57), 2.9% for women (N=28, mean 

age:52) and 5.0% for all. In a sensitivity analysis the German values were used. German annual 

impaired productivity was 1.7% for men (N=53, mean age: 53) and 1.8% for women (N=93, 

mean age: 53) and 1.7% for all.

The percentage of work impairment due to COPD in the week prior to the survey and was 

assumed to remain constant throughout the year. Subsequently, this percentage was multiplied 

by the average Dutch gross annual earnings for men respectively women aged 45-64 years, re-

sulting in the impaired productivity costs per working COPD patient. The total amount among 

the working population was calculated by multiplying the costs per patient with the proportion 
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of COPD patients ‘alive & working’ (derived from the flow diagram presented in appendix). 

Sensitivity analyses

To assess the uncertainty around our estimates we conducted a sensitivity analysis. Estimates 

that were varied included the number of COPD patients, direct medical costs, impaired produc-

tivity and the mean annual income of COPD patients. The variation of the impaired produc-

tivity estimate also provides an indication of the potential economic impact of decreasing the 

impaired productivity as a result of interventions. 

In addition the impact of delayed early retirement was calculated by decreasing the time pa-

tients stayed in the ‘alive &  retired’ state and adding this time to the time they stayed in the 

‘alive & working’ state (more information on states is provided in the appendix).

RESULTS

Direct medical costs were €90.9 million, while costs for patients and government due to early 

retirement, and costs due to impaired productivity were €480.2 million and €63.1 million re-

spectively. Overall, total costs were highly dependent on the number of COPD patients  (table 

4). An overview of the costs related to COPD is presented in figure 1 and specified in tables 1-4.           

Figure 1: Overview of the annual costs related to COPD in the working age population in The Netherlands (2009 euros)

Direct medical costs

Annual direct medical costs were €90.9 million in total. Costs for women were higher compared 

to the costs for men. (table 1). The per-patient direct medical costs were €832 for men and 

€1097 for women.  Note that these were weighted averages comprising all COPD severity 
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levels. Actual per-patient costs (men/women, inflated to 2009 euros)  per severity level varied 

between respectively €253/€338 for mild COPD patients up to €6281/€8270 for very severe 

COPD patients. 

Table 1: Population and annual direct medical costs due to COPD (2009 euros* and population estimates)

Men Women All

COPD patients

Age group 45-49 yrs 6069 7005 13074

Age group 50-54 yrs 8981 10278 19260

Age group 55-59 yrs 12914 13395 26309

Age group 60-64 yrs 18750 16765 35515

Total number of patients with COPD aged 

45-64 yrs 

46715 47443 94158

Direct medical costs

Per-patient annual medical costs, people 

with COPD aged  45-64 yrs

(mild-very severe COPD patient)

€832 

(€253-€6281)

€1097

 (€338-€8270)

€965

Total annual medical costs, people with 

COPD aged 45-64 yrs

€38.9m €52.0m €90.9m

*Cost data were obtained from Hoogendoorn et al (3) and inflated to 2009 values. 

Early retirement due to COPD

Using the default input values as provided in the appendix, the model calculated that 52% of 

the COPD patients (men: 42%, women: 62%) retired between age 45 and 64 years. Of those 

37% retired due to COPD (men: 39%, women: 37%). Total costs due to early retirement were 

€480.2 million comprising of lost productivity, disability pensions paid and lost tax revenues.

Costs for the patient

Lost productivity due to COPD specific early retirement was €223.1 million per year for all 

COPD patients together of which the majority of costs for men. In the age groups between 45 

and 54 years lost productivity was relatively low and comparable between men and women. 

Above the age of 55 years lost productivity due to COPD increases steeply, especially in men.  

The average annual productivity loss per male patient who retired due to COPD was €17629 

and the average loss per female patient was €8121. Lost productivity due to early retirement 

was dependent on the mean income of COPD patients. In the basecase 70% of the mean 

overall national income was assumed resulting in €223.1 million, however when 100% of the 

mean overall national income was applied total costs would increase to €300.4 million. Delayed 



60

3

ENHANCING ADHERENCE IN PATIENTS WITH COPD

early retirement for the entire COPD population would result in potential productivity savings 

of €6.1 million (delay of 1 month) up to €72.9 million (delay of 12 months).

Costs for the government

Total governmental costs were €264.1 million comprising disability pensions paid and tax rev-

enues lost. Governmental costs were about three times the direct medical costs. Two-thirds of 

the costs were due to disability pensions paid and one third due to tax revenue lost. Between 

the age of 45 and 54 years disability pensions paid were about the same for men as for women. 

However, in the higher age groups, the cost for disability pensions paid to men were double the 

amount of disability pensions paid to women. For all age groups the amount of tax revenues 

lost were about twice the amount in men as compared to women. 

Sensitivity analyses (table 4) showed that if we would only include disability pensions with 

COPD as primary diagnosis, disability pensions costs would decrease to €98.2 million. Total 

governmental costs were dependent on the mean income of COPD patients. In the basecase 

70% of the mean overall national income was assumed resulting in €264.1 million, however 

when 100% of the mean overall national income was applied total governmental costs would 

increase to €380.4 million. Delayed early retirement for the entire COPD population would 

result in potential governmental savings of €7.3 million (delay of 1 month) up to €87.7 million 

(delay of 12 months).

Table 2: Annual costs due to early retirement from COPD (2009 euros and population estimates)

Men Women All 

Patient costs

Productivity lost due to early retirement from COPD

In age group 45-49 yrs 5.3m 5.6m 11.0m

In age group 50-54 yrs 18.7m 20.1m 38.8m

In age group 55-59 yrs 41.3m 30.0m 71.3m

In age group 60-64 yrs 69.5m 32.5m 102.0m

Total 134.9m 88.3m 223.1m

Patients with COPD aged 45-64 yrs (retired due to COPD) 7650 10872 18522

Average loss per patient 45-64 yrs (retired due to COPD) €17629 €8121 €12048

Patients with COPD aged 45-64 yrs (all) 46715 47443 94158

Average loss per patient 45-64 yrs (all) €2887 €1861 €2370

Governmental costs

Tax revenue lost 

In age group 45-49 yrs 2.6m 1.9m 4.5m

In age group 50-54 yrs 8.1m 6.9m 14.9m

In age group 55-59 yrs 16.0m 9.2m 25.1m



61

3

TARGETS, INTERVENTIONS AND COST-EFFECTIVENESS

Men Women All 

In age group 60-64 yrs 23.5m 8.8m 32.4m

Total 50.1m 26.8m 76.9m

Disability pensions paid

In age group 45-49 yrs 4.2m 4.3m 8.6m

In age group 50-54 yrs 16.0m 15.5m 31.5m

In age group 55-59 yrs 35.4m 22.2m 57.6m

In age group 60-64 yrs 59.0m 23.5m 82.5m

Total 114.6m 65.6m 180.2m

Total governmental costs €164.8m €92.4m €257.1m

Impaired productivity 

The annual impaired productivity costs were €63.1 million if the per-patient costs were ap-

plied to the COPD population aged 45-64 years that is not retired yet (men: 58%, women: 

38%). Costs due to impaired productivity were about four times as high in men as compared 

to women. Percentage of impaired productivity was 6.2% for men and 2.9% for women and 

5.0% on average. Assuming 214 workdays per year 5.0% impaired productivity would result in 

10.7 impaired workdays per working COPD patient. When multiplied with the total number of 

working patients  in The Netherlands (45137) this would sum up to 482966 days per year for 

the entire working COPD population.

Sensitivity analyses (table 4) showed that if basecase impaired productivity (men: 6.2%, wom-

en: 2.9%) would be decreased with 25%  almost 16 million euros would be saved. When 

the German values were applied impaired productivity dropped to €20.0 million. The German 

values for impaired productivity were measured in a slightly younger population (mean age 53 

years) compared to the UK values (mean age 55 years). Furthermore, impaired productivity 

was highly dependent on the average income of COPD patients: when 100% of the national 

average income was applied instead of the basecase (70%), costs due to impaired productivity 

almost doubled (from €63.1 to €119.5 million).
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Table 3: Annual impaired productivity costs due to COPD (2009 euros and population estimates)

Men Women All

Impaired productivity 6.2% 2.9%

Annual impaired productivity,

All working COPD patients aged 45-64 yrs (not retired)

€54.5m €8.6m €63.1m

Working patients with COPD aged 45-64 yrs (not retired) 27185 17952 45137

Annual impaired productivity per working COPD patient aged 

45-64 yrs (not retired)

€2004 €479 €1397

Patients with COPD aged 45-64 yrs (all) 46715 47443 94158

Average impaired productivity per patient aged 45-64 yrs (all) €1166 €181 €670

Table 4: Sensitivity analyses (2009 euros and population estimates)

Parameter 

(men/women)

Direct 

medical 

costs

Impaired 

productivity

Lost productivity 

due to early 

retirement

Disability 

benefits paid

Tax revenue lost

Number of COPD patients

+25% 113.6m 77.8m 276.8m 227.5m 94.7m

Basecase 

(46715/47443)

90.9m 63.1m 223.1m 180.2m 76.9m

-25% 68.2m 48.3m 169.5m 132.8m 59.2m

Direct medical costs 

+25% 113.6m

Basecase 

(€832/€1097)

90.9m

-25% 68.2m

Impaired productivity 

+25% 78.8m

Basecase 

(6.2%/2.9%)

63.1m

-25% 47.3m

German values 

(1.7%/1.8%)

20.3m

COPD patients’ income  (% of average national annual income)

Basecase (70%) 63.1m 223.1m 180.2m 76.9m

80% 72.1m 249.4m 205.9m 92.1m

90% 81.1m 275.0m 231.7m 107.5m

100% 119.5m 300.4m 257.4m 123.0m
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Parameter 

(men/women)

Direct 

medical 

costs

Impaired 

productivity

Lost productivity 

due to early 

retirement

Disability 

benefits paid

Tax revenue lost

Disability pensions

COPD as primary 

diagnosis only

98.2m

COPD as primary 

diagnosis or 

comorbidity

180.2m

Savings due to delayed early retirement with: 

1 month 6.1m 5.3m 2.0m

3 months 18.2m 15.9m 5.1m

12 months 72.9m 63.4m 24.3m
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DISCUSSION

This study uncovered the full economic impact of COPD in the population of working age on 

both patient and government. The results of this study showed that indirect costs in COPD 

patients of working age were considerable and several times higher than the direct medical 

cost of COPD. In addition to the indirect costs of COPD patients, the economic impact on the 

government is substantial. 

Interpretation

Total yearly costs of COPD patients’ direct medical costs were estimated at around €90 million 

(€965 per patient) for the working age population.  Per patient costs are in line with a previous 

Dutch study, which estimated total direct costs per patient (indexed to 2009 euros) at  €1,052. 6 

Direct medical costs per patient are relatively low compared to the medical costs in older COPD 

patients in which costs will increase to €1,725 for patients aged 85 and older. 3

Lost productivity due to early retirement was found to be four to five times higher than the 

direct medical costs. Although direct medical costs for women are slightly higher than the costs 

for men, the indirect costs for women are significantly lower than for men. This is mainly ex-

plained by the fact that the overall labour participation  and salaries of women were lower, 

resulting in less potential productivity to lose. The high amount of lost productivity is mainly 

influenced by the fact that about 52% of the COPD patients retired before the age of 65 and 

of those retiring early 37% retired due to COPD. These results are supported by a previous 

Dutch study based on 617 questionnaires that found that 45% (260 of 580) of COPD patients 

between 45 and 60 years with a working history retired early of which 39% retired because of 

their COPD. 14 

Impaired productivity was estimated at about €63 million. However, when applying the Ger-

man values for impaired productivity, this decreased to less than one third. Impaired productivi-

ty has been shown to be highly dependable on the severity of COPD and the age of the patient. 

Severe COPD patients have an approximately four to five times higher impaired productivity. 5 

A Dutch study that in particular focused on patients’ impaired productivity (n=4,715 of which 

243 with respiratory diseases) showed that 11 additional working days per patient are annually 

lost because of respiratory diseases. 15 This number did include days off work but also days at 

work with impaired productivity which is comparable to our definition. Assuming an employee 

has 214 working days per year , based on 1540 hours and a 36 hour workweek 16, this would 

result in an impaired productivity of 5.1%, which is comparable to our value for productivity 

impairment (5.0%). This may support our assumption that the UK data for impaired productiv-

ity are representative for the Dutch situation. The costs of the impaired productivity and costs 

due to early retirement together were previously studied and in this study per patient costs were 

estimated (index to 2009 values) at €623 (men) and €248 (women). 17 These costs are lower 

than calculated in our study, which may be explained by the relatively high mean age of their 

study (61 years) and the use of the friction cost method instead of the human capital method 
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18 to estimate costs due to early retirement. 

In addition to the high economic impact on patients, COPD in the working age population 

has a considerable impact on governmental expenses. With an estimated €180 million, COPD 

accounts for 2.0%  of the total governmental expenses on disability pensions of 8.8 billion. 19 

The number of disability pensions for COPD is 2.4% of the total number of pensions granted.  

Although disability pensions paid and tax revenues lost due to COPD have not been calculated 

before, they have been applied in recent cost studies in other fields like IVF 20 and cardiovascular 

diseases. 21 From a societal perspective, these type of costs may be solely seen as transfer of 

money and not as lost money. 18 However, they can help to understand the full impact and fiscal 

benefits derived from health investments in the field of COPD.

Strengths

Using a novel broad approach this study is the first - to our knowledge - to uncover the size of 

the economic impact of COPD in the population of working age on both patient and govern-

ment. By using recent national data combined with data from COPD uncovered we were able 

to show the full economic impact of COPD in this relatively young age group. Moreover, this 

study not only demonstrates the impact of COPD in people of working age but also provides 

an example of the impact of illness in a working age population across the spectrum of disease 

burden. Further studies are recommended to see if comparable cost patterns are observed in 

other countries.

The results of this study provide a useful dataset and method when considering including pro-

ductivity and early retirement in cost-effectiveness studies. 

Limitations

A factor potentially causing an underestimation of the cost estimate is the problem of underdi-

agnoses as COPD is easily misdiagnosed as the cough and sputum are considered to be normal 

in smokers. 22,23 Also we may have to consider including the loss of productivity among family 

members and others who provide informal care. 5

Furthermore, we may have to consider changing future scenarios like smoking patterns, which 

will influence COPD prevalence 24 and costs, or an increasing retirement age, which will increase 

costs as a result. 

A factor which may have caused an overestimation of the lost productivity costs is the human 

capital approach, which takes into account all costs of missing work due to illness from start 

till return to work or retirement age. One can argue that after some weeks a person will be 

replaced by another employee and therefore lost productivity is limited to a certain friction time. 
16,25 However, especially in countries outside The Netherlands, the friction cost method is still 

controversial and  the human capital method is more widely applied.

Lastly, this study focused on the costs for COPD patients between the age of 45 and 64 only 

and showed that governmental costs in this age category are considerable. However, on the 
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same time governmental costs for the population above 65 years are expected to be lower due 

to the lower amount of governmental old age pensions  paid as a result of excess mortality due 

to COPD. 

Recommendations

Governmental campaigns should focus on the awareness of people to take appropriate action 

to maintain good lung health and provide them with information on how they should under-

stand risks and recognize disease symptoms.

Special attention should be given to prevention programs to discourage people from start 

smoking, as this will prevent them from developing COPD in the first place. Other governmen-

tal policies that are likely to add to the benefits of a prevention program are the raising of taxes 

for tobacco and the raising of the legal purchase age of tobacco. 26

Healthcare professionals should focus on effective diagnosis, education and  management of 

COPD at an early stage. After diagnosis, healthcare professionals should, in collaboration with 

the patient, discuss the importance of  smoking cessation, an active lifestyle and healthy diet. 

Besides, healthcare professionals should focus on optimization of pharmacotherapy by devel-

oping and running interventions like inhalation techniques improvement. 27 In particular, multi-

disciplinary interventions have been shown to be highly effective. 28

Preferably, national implementation and reimbursement of these interventions should focus on 

those which are besides effective also cost-effective. 29,30 For this part, there may be a significant 

role for healthcare insurance companies.

Employers can play an important role by creating a workplace which minimizes exposure to 

known risks (e.g. tobacco) and  should collaborate with health and social care providers to 

manage the condition of their employees and to stimulate them to remain in their workplaces. 

The ability to work is dependent on the nature of the work and the flexibility of both employee 

and employer. Effort should be made to adapt the type and intensity of work to the capacity 

of the COPD patient.

Overall, COPD has an enormous economic impact on society and a joint effort of all stakehold-

ers is required to develop (cost)effective  interventions, prevention and disease management 

programs, especially focusing on the working age population. When provided with optimal 

work environment and therapy, people will improve quality of life and disease control, stay 

productive for longer and will contribute to the financial wellbeing of themselves, their families 

and the economic growth of society as a whole.
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CONCLUSIONS

Societal costs in COPD patients of working age were considerable and several times higher than 

the direct medical cost of COPD, making this population a priority for prevention- and interven-

tion programs of healthcare providers, employers and government. 
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APPENDIX - Technical note on the COPD cost calculator

Model program

The model was a spreadsheet driven model created in Microsoft Excel.

Model input values

The data inputs for the model were of three kinds:  COPD-specific, demographic and financial 

which are listed in table A1. We assumed all earnings of COPD patients to be 70% of the aver-

age Dutch earnings as COPD is known to have a higher incidence among lower socioeconomic 

groups with lower incomes on average. (12,13)

Table A1: COPD model inputs and their sources

COPD-specific inputs

Prevalence of COPD National Health Compass (RIVM)

http://www.nationaalkompas.nl/gezondheid-en-ziekte/ziekten-en-aan-

doeningen/ademhalingswegen/copd/cijfers-copd-prevalentie-inciden-

tie-en-sterfte-uit-de-vtv-2010/. Accessed May 2012

Mortality among people with 

COPD

National Health Compass (RIVM)

http://www.nationaalkompas.nl/gezondheid-en-ziekte/ziekten-en-aan-

doeningen/ademhalingswegen/copd/cijfers-copd-prevalentie-inciden-

tie-en-sterfte-uit-de-vtv-2010/. Accessed May 2012

Extent of early retirement 

among people with COPD

Employee Insurances Implementing Agency (UWV)

http://onderzoekwerkeninkomen.nl/rapporten/hte29qif/uwv-kwartaal-

verkenning-2007-iii.pdf.  Accessed July 2012

and

http://rvwi.nl/CmsData/Signaal%202010/UKV_2010-III.pdf.  Accessed 

Oct 2012

Demographic inputs

Population estimates 2009 Central Bureau of Statistics (CBS) http://statline.cbs.nl/StatWeb/

publication/?DM=SLNL&PA=71090NED&D1=0&D2=1-2&D3=0,4

6-65,107,121-122&D4=a&D5=0&D6=42&HDR=T, G3,G1&STB= 

G2,G4,G5&VW=T. Accessed May 2012

All-cause mortality 2009 Central Bureau of Statistics (CBS)

http://statline.cbs.nl/StatWeb/publication/?DM=SLNL&PA=37530

NED&D1=1,3,5&D2=101-120&D3=0&D4=59&HDR=G1,G2&ST-

B=G3,T&VW=T. Accessed May 2012
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Marital status estimates 2009 Central Bureau of Statistics (CBS)

http://statline.cbs.nl/StatWeb/publication/?DM=SLNL&PA=7461BEV-

&D1=a&D2=a&D3=110-113&D4=59&HDR=T,G3&STB=G1,G2&VW=T.  

Accessed May 2012

Labour participation 2009 Central Bureau of Statistics (CBS)

http://statline.cbs.nl/StatWeb/publication/?DM=SLNL&PA=7188

6ned&D1=1-2,5,18&D2=1-2&D3=1-13&D4=50&HDR=G1,T&ST-

B=G2,G3&VW=T. Accessed Oct 2012.

Default retirement age 2009 65 years (for both men and women)

Social Security Bank (SVB) www.svb.nl/int/en/aow/index.jsp

Financial inputs

Annual earnings 2009 Central Bureau of Statistics (CBS)

http://statline.cbs.nl/StatWeb/publication/?DM=SLNL&PA=709

57NED&D1=1&D2=1-3&D3=a&D4=0&D5=0,26-29&D6=9&H-

DR=G5,G3,G4,G2,T&STB=G1&VW=T. Accessed May 2012

% with occupational pension Men: 91.6%, Women: 58.2%; Central Bureau of Statistics (CBS) http://

www.cbs.nl/nl-NL/menu/themas/inkomen-bestedingen/links/2012-

3555-tab.htm

Value of occupational pension Assumption (pension=earnings[n/80], where n=[age minus 18]) (31)

Dependent’s pension Assumption (50% of occupational pension)  (31)

Tax & national insurance 

2009

Dutch Government

http://www.rijksoverheid.nl/bestanden/documenten-en-publicaties/

circulaires/2011/12/21/informatieblad-belastingtarieven-2009-2012/

informatieblad-belastingtarieven-2009-2012.pdf.  Accessed July 2012

Value of disability pension National Institute for Budget Information (Nibud)

www.nibud.nl/inkomsten/geen-werk-meer/wiawao-uitkering.html. 

Accessed May 2012

Dutch COPD population

The estimated number of people with COPD in The Netherlands was 320,000 of which 94,158 

aged 45 to 64 years (46,715 male and 47,443 female).

Model description and structure

In the model description all variables that are listed in table A1 are Italic.

A patient flow diagram was constructed to follow a hypothetical person with COPD from age 

45 to 64 years  (figure A1). The age range of interest (45-64 years) was divided into four quin-

quennia in each of which a person with COPD could spend time in one or more of three states: 

alive & working; alive & retired; dead.  At start (45 years) the person was assumed still to be 
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working. The default retirement age (ie the age after which retirement was considered neither 

early nor due to COPD) was 65 years and was a flexible parameter.

Figure A1: Patient flow diagram

State transition probabilities 

Movement through the flow diagram depended on age-group and sex-specific mortality and 

the probability of retiring early during the quinquennium, both included all cause and COPD 

specific probabilities. All-cause early retirement was derived from national labour participation 

rates and COPD specific retirement was based on successful COPD disability pension appeals, 

both assumed to be permanent. 
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State-specific monetary value

Each of the three states was associated with a monetary value, as follows.

Alive and working: age-group- and sex-specific Dutch mean annual earnings (70%)

Alive and retired: occupational- and disability pension, calculated as follows:

occupational pension                                                                       disability pension

age-group- and 

sex-specific  

mean annual 

earnings

n/80, where n = 

midpoint of age 

group

minus 18yrs

sex-specific % 

persons who have 

occupational 

pension

age-group- and 

sex-specific 

 mean annual dis-

ability pension

 % disability 

pension 

applicants who 

are successful

Dead: dependents’ pension, calculated as 50% of occupational pension (calculated as above). 

As a proxy for the probability of there being a dependent the dependents’ pension is multiplied 

by the age group- and sex-specific percentage of persons married.

The values were combined  (as shown in the formula below) to obtain quinquennium-specific 

estimates for productivity (earnings) and total income (earnings + pensions), and divided by 

5 to obtain an average annual estimate for persons in the age-group corresponding to each 

quinquennium, and then summed across quinquennia as shown in the formula in the appendix.

The calculation was repeated with input values appropriate to a person without COPD. There-

fore, we changed the mortality probability to all-cause (minus COPD) mortality only and there 

was no early retirement due to COPD possible. 

The impact of early retirement due to COPD was estimated by subtraction, resulting in a cross 

sectional estimate.

Value of the disability pension

In The Netherlands there are three types of disability pensions which are all part of the disability 

act (‘WIA’) from 2006. 

  - Full permanent disability pension (‘IVA’): 75% of the average age and sex specific 

income 

   - Full temporary disability pension (‘full WGA’): 70% of the average age and sex spe-

cific income  

   - Partly disability pension (‘partly WGA’): assumed 50% of the full WGA

The weighting of the pensions was based on the distribution of successful pension appeals.

* * + *
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Tax revenues

In The Netherlands all people have to pay income tax as well as national insurance over their 

earnings to the government. Income tax was calculated based on average age and sex specific 

income. National insurance (employees part) included AOW, ANW and AWBZ. National insur-

ance (employers part) included WGA, WAO/WIA, WW, sectors premium and ZVW.
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CHAPTER 4
INHALED CORTICOSTEROIDS AND THE
OCCURRENCE OF ORAL CANDIDIASIS

Previously published as:

Van Boven JF, de Jong-van den Berg LT, Vegter S.

Inhaled corticosteroids and the occurrence of oral candidiasis: a prescription sequence symme-

try analysis. Drug Safety 2013; 36(4): 231-236. 
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ABSTRACT

Objectives

The primary aim of the study was to gain insight into the relative risk of clinically relevant oral 

candidiasis following inhaled corticosteroid (ICS) initiation over time.  A secondary aim was to 

analyze the influence of patient characteristics and co-medication on the occurrence of this 

adverse effect.

Methods

Drug prescription data from 1994 to 2011 were retrieved from the IADB.nl database.

To study the influence of ICS use on occurrence of oral candidiasis, a prescription symmetry 

analysis was used, including patients using medication for oral candidiasis up to 1 year before or 

after ICS initiation. The relative risk was calculated by dividing the number of patients receiving 

medication for oral candidiasis after ICS initiation by the number of patients receiving the same 

medication before ICS initiation.  Sub-analyses were conducted to compare the relative risks at 

several time points after ICS initiation and to account for therapy persistence by only including 

chronic users of ICS. A multivariate logistic regression model was used to identify predictive 

factors. 

Results

A total of 52,279 incident users of ICS therapy were identified, of which 1,081 received medi-

cation for oral candidiasis up to 1 year before or after ICS initiation.  A total of 701 patients re-

ceived medication for oral candidiasis after ICS initiation, while 361 received these medications 

in the reversed sequence, resulting in a sequence ratio (SR) of 1.94 (95%CI: 1.71-2.21).  In the 

first 3 months after ICS initiation, the SR was 2.72 (95%CI: 2.19-3.38) and then decreased to 

1.47 (95%CI: 1.11-1.95) 9 to 12 months after ICS initiation.  Predictive factors were higher 

daily dose of ICS and concomitant use of oral corticosteroids. 

Conclusion

This study found a significant and clinically relevant increased number of patients receiving 

medication for oral candidiasis in the first year after therapy initiation with ICS. Relative risk is 

highest in the first 3 months, but remains increased up to at least 1 year after ICS initiation. This 

study stresses the need for patient education and inhalation instruction.
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INTRODUCTION

Inhaled corticosteroids (ICS) are widely prescribed as maintenance therapy for respiratory dis-

eases such as asthma and chronic obstructive pulmonary disease (COPD). ICS suppress inflam-

mation in the lower airway tract, thereby reducing inflammation-driven airflow obstructions 

and improving disease outcomes. ICS cause fewer adverse effects than systemic-acting corti-

costeroids due to the local mode of action. Nonetheless, adverse effects still occur, mostly on 

a local level.  The most common local adverse effects of ICS are oral candidiasis, dysphonia, 

pharyngitis and cough. 1-3 These adverse effects may decrease therapy adherence and quality 

of life. 2,4

Oral candidiasis is thought to be a consequence of local immunosuppression at the oral muco-

sal surface by deposition of ICS particles in the higher respiratory airways. 1,4 Importantly, the 

therapeutic efficacy of ICS is localized in the lower respiratory airways. 5

In healthy patients, oral candidiasis primarily leads to local discomfort such as altered taste 

sensation, but in immuno-compromised patients, the local infection may enter the bloodstream 

and develop into a potentially systemic life-threatening infection. 6 The main treatments for oral 

candidiasis are nystatin mouthwashes or miconazole oral gels. 7 Local administration of meth-

ylrosaniline and amphotericin B may be prescribed in patients showing insufficient response to 

nystatin and miconazole. 8

Various studies have been conducted assessing the association between ICS and the occurrence 

of oral candidiasis. 9-12 One review reported incidence rates between 0% and 70%, based on 

four studies performed between 1974 and 1990 using different diagnostic criteria.2  A recent 

meta-analysis reported an odds ratio of 3.6 for oral candidiasis in ICS users compared with 

placebo, regardless of dose or device. 13] This meta-analysis included 23 randomized controlled 

trials (RCTs) performed between 1994 and 2003 with an average follow-up of 12 weeks.  

Although incidence and risk factors are well-known, the relative risk during long-term ICS use 

has not previously been studied. Furthermore, data from actual clinical practice as opposed to 

clinical trials are scarce.

The primary aim of the present study was to gain insight into the relative risk of clinically rele-

vant oral candidiasis following ICS initiation over time. The secondary aim was to analyze the 

influence of predictive factors such as patient characteristics and co-medication on the occur-

rence of this adverse effect.  Results of this study will assist healthcare professionals in develop-

ing and providing tailored patient interventions and education.

METHODS

Data source

Drug dispensing data from Dutch community pharmacies were obtained from the IADB.nl 

database, which holds prescription records of over 500,000 individuals in The Netherlands. 

The IADB.nl prescription database has been validated for drug-utilization studies 14,15 and has 

previously been used for such studies.16 Dutch patients usually register at a single community 
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pharmacy and therefore prescription records can provide an almost complete listing of the 

subjects’ prescribed drugs. 17 Data in the database contain information on drug name, anatom-

ical therapeutic chemical (ATC) classification, dispensing date, dosage and defined daily dose 

(DDD) as provided by the World Health Organization (WHO). Data between January 1994 and 

December 2011 were used for analyses.

Analysis and outcomes

To study the influence of ICS use on occurrence of oral candidiasis, a prescription symmetry 

analysis was used. This method determines whether medication for oral candidiasis is prescribed 

more frequently following ICS initiation than the other way around. A recurrent problem of oth-

er types of analyses, such as case-control or cohort designs, is the inherent tendency of drugs 

to accumulate in certain patients, such as elderly or otherwise frail individuals. The prescription 

symmetry analysis corrects for these confounding factors, as long as they remain constant over 

time. The advantages and limitations of the method are discussed in more detail by Hallas. 18 

The method has been used to study the occurrence of side effects for different drug classes. 18-20 

The outcome of the prescription symmetry analysis is the sequence ratio (SR), calculated as the 

number of patients starting ICS first and medication for oral candidiasis second, divided by the 

number of individuals starting these medications in the reverse sequence. The sequence ratio 

was adjusted for incidence trends of the drugs, to account for potential increasing or decreasing 

prescription incidence over time. 18

The SR is an estimate of the relative risk of oral candidiasis in patients receiving ICS compared 

with patients not receiving ICS. 18,21 By including only cases in which medication was prescribed, 

the study focused on clinically relevant oral candidiasis. The 95% confidence interval  was 

calculated as eln(SR)±1.96*SE, in which SR is the sequence ratio and SE the standard error (SE), esti-

mated as √ ((1/patients starting ICS first)+(1/patients starting ICS second)).

Population

All incident users of both ICS and medication for oral candidiasis within a year timespan of 

each other were selected for analysis. Incidence was defined as a period of 2 years without 

use of the study drugs, while being present in the database. ICS included were beclometha-

sone, budesonide, fluticasone, ciclesonide and ICS combination inhalers with long-acting beta 

agonists. Medication for oral candidiasis were local oral formulations of nystatin, miconazole, 

methylrosaniline and amphotericin B. 

Sub-analyses

Sub-analyses were conducted to compare the relative risks at several time points after ICS ini-

tiation and to account for therapy persistence by only including chronic users of ICS. Chronic 

use was defined as having at least 4 follow-up prescriptions in the year after initial prescription. 

Furthermore a sensitivity analysis was performed in which we changed the period of no use 

(‘wash-out’) from 2 years to 3 years.
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Potential effect modifiers

A multivariate logistic regression model was used to identify predictive factors of the ‘ICS fol-

lowed by oral candidiasis’ order compared with the reverse order, including low (≤10 years) 

or high (≥60 years) age, sex, year of ICS therapy initiation (per year), total daily dose of ICS 

(beclomethasone equivalent), type of inhaler (pressurized metered dose inhaler [pMDI], dry 

powder inhaler [DPI] or nebulizer) and co-medication with antibacterials and oral systemic 

corticosteroids 1 month prior to oral candidiasis. The influence of comorbidities known to be 

associated with increased frequency of oral candidiasis, namely diabetes mellitus and HIV,22,23 

was also determined. 

Note that the odds ratios (OR) calculated in the multivariate model are not risk factors for oral 

candidiasis but rather effect modifiers of the prescription order ‘ICS followed by medication for 

oral candidiasis’.

Statistical analyses were performed using SPSS 18.0.3 (SPSS Inc. Chicago, IL, USA) and Micro-

soft Excel 2010.

RESULTS

A total of 52,279 incident users of ICS therapy were identified; 1,081 of these were incident 

users of medication for oral candidiasis within 1 year before or after ICS initiation. A total of 

19 (1.8%) patients started both therapies on the same day and were excluded from further 

analyses. In the remaining 1,062 patients, mean age at ICS initiation was 54.2±20.7 years 

and 62.6% were female. A total of 80 (7.5%) were diabetes patients and none received HIV 

medication. 

A total of 701 patients received medication for oral candidiasis after ICS initiation, while 361 

received these medications in the reversed sequence, resulting in a sequence ratio of 701/361 

= 1.94 (95% CI: 1.71-2.21). The results were not influenced by time trends in prescribing (cor-

rection factor =0.999). 

Sub-analyses

The sub-analysis showed the number of prescriptions for oral candidiasis medication were high-

est in the first 3 months after ICS initiation, resulting in a sequence ratio of 2.72 (95%CI: 

2.19-3.38). This decreased to 1.47 (95%CI: 1.11-1.95) in the 9-12 months after ICS initiation 

(figure 1). 

A total of 387 patients were included when using the criterion for chronic exposure. Of these 

277 patients started ICS first and 107 started oral candidiasis medication first, resulting in a 

sequence ratio of 277/107 = 2.59 (95%CI: 2.07-3.24). 

When the wash-out period was changed to 3 years, 954 patients were included and this yielded 

a sequence ratio of 629/309 = 2.04 (95% CI: 1.78-2.33).
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Figure 1: Medication for oral candidiasis is prescribed more often following ICS initiation (n=701) than before ICS initia-

tion (n=361)

Effect modifiers

The results of the multivariate logistic regression analysis are shown in table 1. There was a 

significantly increased OR for receiving oral candidiasis medication after ICS initiation when 

using a medium daily ICS dose or with concomitant use of oral corticosteroids. Using a high 

dose also increased the OR, although not significantly. Concomitant use of antibacterials or 

use of a pMDI significantly decreased the OR.  Age, sex or year of ICS initiation and selected 

co-morbidities were not significant predictors. 
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Table 1: Variables predicting the prescription order ‘ICS followed by medication for oral candidiasis’ compared with ‘med-

ication for oral candidiasis followed by ICS’ (N=1,062)

Variable Number of patients with 

variable (%)

OR 95% CI

Age

     Young age (≤10 years) 50 (4.7) 1.143 0.585-2.231

     High age (≥60 years) 468 (44.1) 0.944 0.712-1.252

     Age between 11 and 59 years 544 (51.2) ref

Female sex 665 (62.6) 0.892 0.678-1.176

Daily dose of ICS 

     Low dose (≤400μg) 286 (26.9) ref

     Medium dose (401-800μg) 527 (49.6) 1.402* 1.012-1.942

     High dose (>800μg) 249 (23.4) 1.356 0.928-1.982

Type of inhaler 

     pMDI 305 (28.7) 0.710* 0.522-0.964

     DPI 

     Nebulizer

747 (70.3)

10 (0.9)

ref

0.497

0.135-1.832

Year of ICS initiation (per year) - 0.974 0.941-1.008

Co-medication

     Antibacterials 386 (36.3) 0.579* 0.436-0.770

     Oral corticosteroids 221 (20.8) 2.239* 1.552-3.229

     HIV 0 (0) n/a n/a

     Diabetes Mellitus       80 (7.5) 0.897 0.546-1.474

CI confidence interval, DPI dry powder inhaler, ICS inhaled corticosteroid, NA not applicable, OR odds ratio, pMDI pres-

surized metered dose inhaler  * Significant at p < 0.05

DISCUSSION

This study found a significant and clinically relevant increased number of patients receiving 

medication for oral candidiasis in the first year after therapy initiation with ICS. The relative risk 

was highest in the first 3 months of ICS use but remains increased up to at least one year after 

ICS initiation. In addition, higher dose of ICS and concomitant use of oral systemic corticoste-

roids were predictive factors that strengthen this relationship. Use of pMDI or concomitant use 

of antibacterials were identified as negative predictive factors.

Comparison with other studies 

The predictive factors for oral candidiasis medication following ICS initiation identified in our 

study were high ICS dose and use of oral systemic corticosteroids. These factors  were also 

reported in previous studies.1,2,4,11-13 
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A meta-analysis of Rachelefsky et al. 13 reported a 3.6-fold greater risk for oral candidiasis fol-

lowing the first 12 weeks after ICS initiation, while we found an approximately two fold greater 

risk. This difference may be explained by the duration of follow-up in studies included in the 

meta-analysis, which was approximately 12 weeks, whereas our study covers a period of 12 

months. Indeed, we noted an increased effect in the first 3 months after ICS initiation.  

Notably, our study reported a decreased risk for oral candidiasis when using pMDI, while Ra-

chelefsky et al reported an increased risk. This may be explained by use of different ICS drugs, 

such as high prescription rates for fluticasone and low rates for mometasone. 

Strengths and limitations

By including patients with prescriptions for oral candidiasis medication, only clinically relevant 

oral candidiasis was included.  We included only first time users of both ICS and medication for 

oral candidiasis, but we have to consider that the outcome of our study may be a contra-indi-

cation for exposure to ICS.  There may be a risk that a physician is less willing to prescribe ICS 

to a patient who is already suffering from oral candidiasis and consequently these patients will 

selectively be excluded from the proportion that is prescribed ICS after oral candidiasis . A lim-

itation of the prescription database used in our study is that no indications are recorded. Thus, 

antifungal drugs may have been prescribed for other indications, such as intestinal candidiasis. 

On the other hand, clinically relevant oral candidiasis may have remained untreated or treated 

with other medications in some patients. However, these limitations are not expected to have 

an impact on the reported SR.

Incident ICS use was defined as having not been prescribed the drug for at least 2 years. It is 

possible that patients redeemed their  ICS prescription before this period, thereby being incor-

rectly defined as incident users in our analysis.  A sensitivity  analysis was therefore performed 

in which the required period of non-use was 3 years; however, this did not influence the results. 

The risk for oral candidiasis is highest in the first month after ICS initiation and decreases there-

after (figure 1). This may be due to the fact that patient inhalation technique improves. How-

ever, we cannot rule out the fact that patients discontinue their ICS after first prescription 

and are consequently no longer at risk. For some patients continuous use of ICS may not be 

mandatory, but for some patients, especially those with asthma, ICS are essential therapy for 

disease control.

A separate analysis was therefore performed for patients with chronic ICS exposure. This anal-

ysis yielded slightly higher risk estimates.  The interpretation of this result should take into ac-

count the lower patient number available for analysis because a large number of patients were 

excluded.  If a patient initiates ICS and a violent oral candidiasis occurs shortly after he or she 

might not redeem a second prescription and this might consequently bias the results. 

Furthermore, it is recommended that further study on this topic should include the use of spac-

ers as a variable in the regression analysis, because spacers have been shown to lower oropha-

ryngeal deposition and this may reduce the occurrence of oral candidiasis. 4  Unfortunately, the 

use of spacers was not recorded in the prescription database used in these analyses. 
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Clinical implications

Although oral candidiasis is a common adverse event of ICS, the occurrence in the general 

population over time has not been studied before. This information may assist healthcare pro-

fessionals in developing tailored interventions to prevent oral candidiasis. 

Oral candidiasis from ICS use is believed to be mainly caused by ICS deposition in the higher 

airways. 1 Proper inhalation techniques and use of spacer devices, as well as rinsing the mouth 

after ICS inhalation, are effective 24-26 in lowering oropharyngeal ICS deposition, and thereby 

may reduce the occurrence of oral candidiasis. 4 Unfortunately, patient education about inhal-

er devices and inhalation techniques is not always given and when given, instruction is often 

rushed, of poor quality or not reinforced.27,28  This is further complicated by suggestions that 

knowledge of correct inhalation techniques decreases quickly after use in clinical practice.29  In 

children, between 30% (using one inhaler) and 54% (using multiple inhalers) of patients do not 

use their inhalation medication well enough to gain optimal benefit and minimize the chance 

of adverse effects. 30

Although the risk for oral candidiasis was highest in the first 3 months following ICS initiation, 

an increased number of patients are prescribed oral candidiasis medication after this period. The 

follow-up time of this study was limited to only 1 year after ICS initiation, but if the present 

trends are continued in longer follow-up periods, the number of patients receiving oral candi-

diasis medication will stay increased.  

These results demonstrate not only the need for inhalation technique education at first prescrip-

tion but also the need for long-term follow-up instructions or periodical inhalation checks, as 

suggested in earlier studies.31,32  

Healthcare professionals in primary care, pharmacists and general practitioners, can improve 

patients’ inhalation technique by providing proper inhalation instructions. Patient education in 

this respect may lead not only to clinical improvements but also to cost reductions. 33

CONCLUSION

This study found a significant and clinically relevant increased number of patients receiving 

medication for oral candidiasis in the first year after therapy initiation with ICS. Relative risk 

is highest in the first 3 months, but remains increased up to at least 1 year after ICS initiation. 

Mainly, this study stresses the need for patient education and inhalation instruction, especially 

in the first 3 months of ICS initiation but also in the long term. Pharmacists and general practi-

tioners can improve patient care by providing these instructions in order to avoid this local ad-

verse effect, thereby increasing therapy effectiveness and patients’ quality of life and reducing 

waste of healthcare resources.
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CHAPTER 5
ADHERENCE TO PHARMACOLOGICAL
SMOKING CESSATION TREATMENTS 
DURING REIMBURSEMENT 

Previously published as:

Van Boven JF, Vemer P.

Higher adherence during reimbursement of pharmacological smoking cessation treatments.

Nicotine & Tobacco Research 2015; DOI: 10.1093/ntr/ntv064
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ABSTRACT

Introduction

In The Netherlands, pharmacologic Smoking Cessation Treatments (pSCTs) were reimbursed in 

2011. In 2012 the reimbursement was discontinued. As of 2013, pSCTs were again reimbursed, 

provided they are accompanied by behavioral counseling. The aim of this article is to assess the 

impact of changes in reimbursement policy on use of- and adherence to- pSCTs.

Methods

A retrospective dispensing database analysis was performed on real-world observational data 

(2010-2013) from The Netherlands. Data on use and adherence was collected, in patients who 

were dispensed bupropion or varenicline in community pharmacies for the first time. Using the 

InterActionDataBase (iadb.nl), adherence per patient that initiated varenicline or bupropion 

was calculated by adding up all dispenses between initiation of the therapy and the 120 days 

thereafter. Good adherence was defined as using minimal 80% of the recommended duration 

and intensity of use.

Results

The prevalence of patients initiating pSCTs was stable at 0.4 per 1,000 inhabitants per quarter 

during 2010. In 2011, the prevalence was on average 0.7, with peaks in the first (0.8 per 1,000) 

and fourth (1.0 per 1,000) quarters of 2011. In 2012, the prevalence was stable again at 0.3. 

In 2013, prevalence was on average 0.4, with a small peak in the first quarter. Adherence was 

15.4% in 2010 versus 20.1% in 2011 (P=0.002). In 2012, adherence was 13.9%, compared 

with 18.9% in 2013 (P=0.008).

Conclusions

Not only the likelihood of initiating pSCTs, but also the extent of adherence to these treatments, 

although generally low, seems higher during reimbursement. 
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INTRODUCTION

Tobacco smoking puts patients at high risk for a wide range of smoking-related diseases such as 

chronic obstructive pulmonary disease, lung cancer, and cardiovascular diseases.1 In spite of the 

worldwide recognized serious consequences of tobacco, the addictive components of tobacco 

make it difficult to quit smoking.

To promote and assist in quit smoking attempts, both behavioral counseling and pharmacotherapy 

are available. These treatments have been proven to increase the success rates of quitting 

attempts and are recommended to be used simultaneously for optimal effects.2

On one hand, smoking cessation treatments put a high burden on patients’ healthcare 

expenditures, thereby reducing the number of patients that initiated treatment and the number 

of quit smoking attempts, while on the other hand societal costs due to smoking habits are 

even more significant.3 Therefore, several countries have decided to add smoking cessation 

treatments to their national health insurance plans.4-6

In The Netherlands, smoking cessation treatments were not reimbursed before 2011. 

Reimbursement was available in the basic health insurance plan in 2011 and in 2013 for a 

maximum of one attempt per calendar year. Pharmacologic smoking cessation treatments 

(pSCT) are reimbursed under the condition that they are accompanied by effective behavioral 

support, that is, only the combination of both treatments is reimbursed. During the year 2012, no 

reimbursement was available, allowing for a natural experiment on the effects of reimbursement 

of smoking cessation therapies. Two recent Dutch studies showed that this reimbursement of 

smoking cessation treatments increased the use of smoking cessation medication 7 and the 

use of telephone counseling for smoking cessation.8 In addition, accumulated international 

evidence indicated that reimbursement of smoking cessation treatments did also increase the 

proportion of smokers who succeeded in their quitting attempt.9

In general, smoking cessation treatments have shown favorable and robust cost-effectiveness.10-14 

However, when studying cost-effectiveness of smoking cessation, several pitfalls have to 

be taken into account. Examples include the distinction between short-term and long-term 

effects, the extrapolation of results from randomized controlled studies with a relative selective 

population to the general disease population and the incorporation of different health care 

policies of smoking cessation both within time as between countries.15, 16 

Another, often overlooked factor is the extent of adherence to pSCT. Adherence is defined as 

acting according to the prescriber’s advice.17 Although medication adherence is only scarcely 

highlighted in literature, it may play an important role in impacting both effectiveness and cost-

effectiveness. For both varenicline and bupropion, high adherence to these medications was 

associated with higher quit rates.18-21 However, none of these studies controlled for reversed 

causality, so possible associations need to be interpreted with caution. A systematic review 

by Raupach et al. summarized the evidence for a causal relationship between adherence and 

treatment success. The evidence that was available (for nicotine replacement therapy only) 

indicated a possible relationship, but again results were not definitive as the number of studies 

was limited.22
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pSCTs are usually prescribed for 7 (bupropion) up to 12 weeks (varenicline).23 However, it is 

unclear whether all patients that initiate treatment are completing their recommended treatment 

duration. It is suggested that treatment costs may hold them back from completing.24,25 

While it has previously been shown that reimbursement of smoking cessation in The Netherlands 

increased the number of patients with a quitting attempt,7,8 it is unknown whether this led to 

more adherence to the prescribed pharmacological treatment. Therefore the aim of this study 

was to assess the impact of reimbursement of smoking cessation treatments on use of- and 

adherence to- pharmacological assisted smoking cessation.

METHODS

Study design

A retrospective cohort design was used to study the effect of reimbursement on patients’ 

adherence with their pharmacological smoking cessation treatment. 

Data source

Data were retrieved from the InterActionDatabase (IADB.nl, available from www.iadb.nl). 

The IADB.nl database contains drug dispensing data from about 600,000 patients from over 

55 community pharmacies located in the North of The Netherlands. Dispensing data provide 

specific drug information like Anatomical Therapeutic Chemical (ATC) code, prescriber and 

prescribed dose, amount of delivered units, number of daily defined doses (DDDs26) and patient 

characteristics like gender, age, and socio economic status (SES). In The Netherlands, SES is 

based on the income and education per postal code area and is represented using a measure 

that ranges from -3 (lowest SES) to +3 (highest SES). The database includes all patients, 

regardless of their healthcare insurance plan, making the database representative for the real 

world drug use in The Netherlands. Over-the-counter (including nicotine replacement therapy) 

and hospital prescribed medication are not regularly recorded. The IADB.nl database uses 

anonymized patient data, has been validated for drug utilization studies27 and has been used in 

previous drug adherence studies.28-31 Data were available from 1994 up to December 2013. As 

in The Netherlands patients usually redeem their prescriptions at the same pharmacy, complete 

longitudinal follow-up is possible.

Population selection 

All patients initiating varenicline (ATC code: N07BA03) or bupropion (ATC code: N06AX12) 

between 2010 and 2013 were included in the study population. Nicotine Replacement 

Therapy was considered as well, but is mainly available as over-the-counter medication in The 

Netherlands and therefore not consistently recorded in the pharmacy dispensing database.

Initiating varenicline or bupropion was defined as not having used these medications for at 

least 1 year, while present in the database. As these medications may sometimes be prescribed 

in patients suffering from depression, patients that had any dispense of selective serotonin 
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reuptake inhibitors or tricyclic antidepressants in the year preceding initiation of varenicline or 

bupropion were excluded. Also patients dispensed less than 1% (indicating possible dispense 

registration error) or more than 200% (indicating possible chronic users for depression) of the 

recommended amount (Table 1, and as specified in the Adherence section) were excluded. 

Table 1. Definition of recommended number of tablets and the 80% adherence cut-off

Unit of measurement Recommended number of 

tablets

Minimal number of tablets to be considered adherent 

Percentage of tablets 100% 80% 

Adults Elderly Adults Elderly

Varenicline 179 95 143 76

Bupropion 104 55 83 44

Extending the 200% criterion to a larger amount would increase the risk of including patients 

with a second quit attempt within the same year. Patients who moved or died within 3 months 

after treatment initiation were excluded as well. Information was obtained on patients’ age, 

gender, SES as well as the use of specific medication in the year preceding initiation of smoking 

cessation medication. Use of medication (ATC codes for cough medication: R05; diabetes med-

ication: A10; respiratory medication: R03) in the preceding year was obtained as a proxy for the 

existence of comorbidities that may have influenced the decision for the quit smoking attempt. 

Moreover, diabetes and respiratory diseases are disease states where smoking cessation is of 

increased importance. Although we acknowledge that these are not the only two comorbidities 

where smoking cessation is of extra importance, these two comorbidities are the ones spe-

cifically highlighted in the Dutch general practitioners “Smoking cessation” guidelines23 and 

therefore we included these as covariables.

Pharmacological treatment options

According to the Dutch General Practitioners guidelines on “Smoking cessation”23, varenicline 

should initially be prescribed for a period of 12 weeks. The recommended standard starting 

dose is 0.5 mg 1× per day during 3 days; then 0.5 mg 2× per day during 4 days. Maintenance 

dosing for the following 12 weeks is 1 mg 2× per day.23 For elderly (>65 years), the mainte-

nance dose is 1 mg 1x per day. The DDD for varenicline is 2 mg and costs per DDD are €3.18.26 

For bupropion, the recommended treatment duration is 7 weeks.23 The recommended standard 

starting dose for bupropion, when used as smoking prevention, is 150 mg 1× per day during 

6 days followed by maintenance dose of 150 mg 2× per day for the next 7 weeks. For elderly 

(>65 years), the maintenance dose is 150 mg 1x per day. The DDD for bupropion is 300 mg 

and costs per DDD are €2.45.26 



94

5

ENHANCING ADHERENCE IN PATIENTS WITH COPD

Adherence

Before start of the actual analysis, we calculated the amount of tablets that would be required 

when varenicline or bupropion would be used according to the period and intensity as recom-

mended in the general practitioner guidelines.23 Using the IADB.nl database, we calculated 

the adherence per individual patient that initiated varenicline or bupropion by adding up all 

dispenses between initiation of the particular therapy and the 120 days thereafter. By using 

this time interval some “reflection” time (± 1 month) for patients to considerate (after picking 

up their first prescription in the pharmacy) exact time of initiation of treatment is included 

and still this period is deemed short enough to minimize the risk of including prescriptions of 

patients with multiple quit attempts within the same year. In The Netherlands, it is common 

practice that the first time a prescription is redeemed, medication for a maximum of 2 weeks is 

dispensed. After these 2 weeks, medication (side) effects are evaluated and new prescriptions 

for another 2 weeks up to a maximum of 3 months (needing between 1 and about 5 refills 

after initial prescription), is filled. In addition, some patients use weekly pillboxes (and therefore 

needing up to 10 refills). The primary requirement to be considered and labeled adherent was 

the use of at least 80% of the amount of tablets that would be needed if all medication was 

used (intensity and length of use) according to the Dutch general practitioners guidelines. This 

cut-off for adherence is in line with the common consensus cut-off used in previous adherence 

studies in tobacco research.19, 20, 32 Note that the adherence cut-off remained 80% in all patients, 

whereas absolute number of tablets required to be labeled adherent could vary based on type 

of medication and patient’s age (Table 1). 

Although the 80% criterion is often used, a secondary assessment of adherence was included 

by calculating the percentage of patients with at least two or more prescription refills after 

initial prescription. Patients always need some follow-up prescription refills after initial 2-week 

dispense. Filling a prescription requires another visit to the doctor and/or pharmacy and usually 

new prescriptions are only filled when previous ones are finished. Note that this measure is not 

meant to compare adherence between sub-groups as different cut-offs apply depending on age 

and medication (Table 1). Therefore, this measure was only used as a secondary assessment of 

the impact of reimbursement on adherence for the total population. 

Statistics

The extent of adherence (as specified above) was compared between all patients initiating 

bupropion or varenicline in a reimbursement period (2011 or 2013) and patients initiating bu-

propion or varenicline in a non-reimbursed period (2010 or 2012). The periods 2010-2011 and 

2012-2013 were handled separately. In addition, sub-analyses were performed for bupropion 

and varenicline alone.

Baseline characteristics of the reimbursement group and the non-reimbursement group were 

compared using Chi-square tests (categorical variables, i.e. gender and use of co-medication) or 

independent samples t-tests (continuous variables, i.e. age and SES). The number of adherent 
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patients in the reimbursement period and non-reimbursement periods was compared using 

Fisher’s exact tests, for total users as for bupropion and varenicline separately.

Binary logistic regression was used to predict the effect of reimbursement on medication ad-

herence (adherent or non-adherent) as specified above. In this logistic regression, the 2 years 

of reimbursement (2011 and 2013) were assessed separately, with 2010 and 2012 (non-reim-

bursement) as the reference years. In multivariate logistic regression analyses, baseline charac-

teristics were added to the regression model as covariates. 

RESULTS

Patient population

Between 2010 and 2013, 5,343 patients initiated bupropion or varenicline. Seven hundred for-

ty-eight patients used antidepressants in the preceding year and were excluded leaving 4,595. 

Four patients moved within 3 months and 3 died, 16 patients had possible dosing errors, 10 

had no gender information and 341 were considered chronic users, resulting in a final cohort 

of 4,221 patients. One thousand eighty-six users initiated bupropion and 3,135 users initiated 

varenicline. 

Patient characteristics

Table 2 shows the characteristics of patients initiating bupropion or varenicline respectively. In 

both groups, about half of the patients were men, the average age was 46 and the average SES 

was a little below average. Significant differences between patients’ characteristics in the reim-

bursement and non-reimbursement periods were found regarding previous use of respiratory 

or cough medication.
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Table 2. Patient characteristics of the total population initiating smoking cessation medication (N=4241) and the sub-

groups initiating bupropion (N=1086) and varenicline (N=3135), during two periods of non-reimbursement-reimburse-

ment

Total population Period 1 Period 2

2010

(N=964)

2011*

(N=1671)

P 2012

(N=713)

2013*

(N=873)

P

Men (N, %) 474 (49.2) 857 (51.3) 0.31 405 (56.8) 463 (53.0) 0.14

Age (mean, SD) 46.3 (12.2) 46.1 (13.4) 0.70 45.5 (13.5) 44.6 (13.2) 0.18

SES (mean, SD) -0.67 (1.31) -0.67 (1.30) 0.99 -0.60 

(1.35)

-0.59 

(1.24)

0.88

Cough Med (N, %) 75 (7.8) 120 (7.2) 0.59 32 (4.5) 64 (7.3) 0.02

Respiratory Med (N, %) 205 (21.3) 290 (17.4) 0.01 110 (15.4) 153 (17.5) 0.28

Diabetes Med (N, %) 39 (4.0) 89 (5.3) 0.16 30 (4.2) 43 (4.9) 0.55

Bupropion Period 1 Period 2

2010

(N=309)

2011*

(N=385)

P 2012

(N=167)

2013*

(N=225)

P

Men (N, %) 145 (46.9) 198 (51.4) 0.25 101 (60.5) 130 (57.8) 0.61

Age (mean, SD) 43.5 (13.0) 44.0 (13.3) 0.62 40.6 (15.0) 39.5 (12.8) 0.43

SES (mean, SD) -0.66 (1.21) -0.54 (1.15) 0.18 -0.63 

(1.50)

-0.73 

(1.36)

0.49

Cough Med (N, %) 24 (7.8) 34 (8.8) 0.13 5 (3.0) 10 (4.4) 0.60

Respiratory Med (N, %) 53 (17.2) 72 (18.7) 0.62 27 (16.2) 27 (12.0) 0.24

Diabetes Med (N, %) 13 (4.2) 15 (3.9) 0.85 0 (0.0) 8 (3.6) 0.02

Varenicline Period 1 Period 2

2010

(N=655)

2011*

(N=1286)

P 2012

(N=546)

2013*

(N=648)

P

Men (N, %) 329 (50.2) 659 (51.2) 0.70 304 (55.7) 333 (51.4) 0.15

Age (mean, SD) 47.7 (11.5) 46.7 (13.4) 0.10 47.0 (12.7) 46.3 (12.9) 0.35

SES (mean, SD) -0.67 (1.35) -0.71 (1.34) 0.54 -0.59 

(1.31)

-0.55 

(1.19)

0.58

Cough Med (N, %) 51 (7.8) 86 (6.9) 0.40 27 (4.9) 54 (8.3) 0.02

Respiratory Med (N, %) 152 (23.2) 218 (17.0) <0.01 83 (15.2) 126 (19.4) 0.06

Diabetes Med (N, %) 26 (4.0) 74 (5.8) 0.10 30 (5.5) 35 (5.4) 0.99

*: reimbursement of smoking cessation medication; Med=Medication; SD=Standard Deviation; SES=Socio-Economic 

Status (ranges from -3 (lowest) to +3 (highest))
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Initiation of pharmacological smoking cessation treatment

In figure 1, the prevalence of patients initiating pharmacologic smoking cessation treatments 

is presented. Prevalence is presented per 1,000 inhabitants as actual smoking status was not 

available.

Prevalence was stable at 0.4 per 1,000 inhabitants during each quarter in 2010. In 2011, the 

prevalence was on average 0.7 per quarter, that is, 75% higher, with peaks in the first (0.8 per 

1,000) and fourth (1.0 per 1,000) quarters. In 2012, the prevalence was stable again at 0.3 per 

quarter, a drop of nearly 60% in new smoking attempts. In 2013, prevalence was on average 

0.4, with a small peak in the first quarter. 

Adherence

Overall

Overall adherence over the period 2010 to 2013 is presented in the columns of figure 1 and 

Table 3. Seven hundred forty-eight patients (17.7%) out of the total number of patients 

(N=4,221) initiating pharmacological smoking cessation treatment between 2010 and 2013 

were considered adherent. Adherence was 15.4% (148 out of 964) in the pre-reimbursement 

period (2010) and 20.1% (336 out of 1,671) in the first year of reimbursement (2011) 

(P=0.002). In the following non-reimbursement year (2012), adherence was 13.9% (99 out 

of 713), compared with 18.9% (165 out of 873) in the second reimbursement year (2013) 

(P=0.008).

In 2010, 231 out of 964 (24.0%) patients had two or more refills after initiation; whereas in 

2011, 469 out of 1671 (28.1%) (P=0.022). In 2012, 191 out of 713 (26.8%) patients had two 

or more refills after initiation, compared with 274 out of 873 (31.4%) in 2013 (P=0.046).
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Figure 1. Prevalence of number of subjects that initiated pharmacologic smoking cessation therapy and adherence with 

smoking cessation medication over time: 2011 and 2013 (lightgrey) are the reimbursement periods, 2010 and 2012 

(darkgrey) the non-reimbursement periods

Bupropion

For bupropion, 300 out of 1,086 (27.6%) patients initiating treatment were adherent. In the 

pre-reimbursement period (2010), 75 out of 309 (24.3%) patients were considered adherent; 

in the first year of reimbursement (2011), 104 out of 385 (27.0%) patients (P=0.433). In the 

second non-reimbursement period (2012), 47 out of 167 (28.1%) were adherent, compared 

with 74 out of 225 (32.9%) in the second reimbursement year (2013) (P=0.322).

Varenicline

For varenicline, 448 out of 3,135 (14.3%) patients initiating treatment were adherent. In 

the first pre-reimbursement year (2010), 73 out of 655 (11.1%) were adherent; in the first 

reimbursement year (2011) 232 out of 1,286 (18.0%) patients (P<0.001). In the second non-

reimbursement year (2012), 52 out of 546 (9.5%) patients were adherent, compared with 91 

out of 648 (14.0%) in the second reimbursement year (2013) (P=0.020).

Regression analysis

An overview of the results of the logistic regression is presented in Table 3. In the total study 

cohort, in the first year of reimbursement (2011), with the previous year of no reimbursement 

(2010) as the reference year, a significant increase in adherence (OR: 1.39, 95%CI: 1.12-1.79) 

was noticed. In the second year of reimbursement (2013), with 2012 as reference year (no 

reimbursement), again a significant increase in adherence (OR: 1.45, 95%CI: 1.10-1.95) was 

noticed. 
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For bupropion alone, there was no-significant higher adherence during reimbursement in 

both periods, while for varenicline alone, there were higher odds of being adherent during 

reimbursement. Including covariates did not change the significance of the impact of 

reimbursement on extent of adherence to varenicline and bupropion (Table 3). 

Table 3. Percentage of adherent patients and odds ratio for adherence by year and medication during two periods of 

reimbursement and non-reimbursement

Bupropion (N=1086) Varenicline (N=3135) Total (N=4221)

Year Ad-

herent 

(%)

uOR 

(95% 

CI)

aOR

(95% 

CI)

Adherent 

(%)

uOR 

(95% 

CI)

aOR

(95% 

CI)

Ad-

herent 

(%)

uOR 

(95% 

CI)

aOR

(95% 

CI)

2010 24.3 - - 11.1 - - 15.4 - -

2011* 27.0 1.16 

(0.82-

1.63)

1.12 

(0.79-

1.58)

18.0 1.76 

(1.32-

2.33)

1.88 

(1.41-

2.51)

20.1 1.39 

(1.12-

1.79)

1.41 

(1.14-

1.75)

2012 28.1 - - 9.5 - - 13.9 - -

2013* 32.9 1.25 

(0.81-

1.95)

1.24 

(0.79-

1.93)

14.0 1.55 

(1.08-

2.23)

1.65 

(1.13-

2.41)

18.9 1.45 

(1.10-

1.95)

1.49 

(1.13-

1.96)

*: reimbursement of smoking cessation; bold: significant; 95% CI: 95% confidence interval; uOR: unadjusted odds ratio; 

aOR: adjusted odds ratio

DISCUSSION

Main findings and interpretation

Overall, this study indicated that there is a higher likelihood of initiating pharmacological 

smoking cessation treatment during reimbursement periods and that there seems to be a higher 

extent of adherence during these periods. A potential explanation for a higher adherence during 

reimbursement is that drug expenses may hold patients back from continuing and completing 

the recommended period, as also illustrated by the overall higher amount of prescription refills 

during periods of reimbursement. For bupropion no significant effect on adherence was noticed, 

whereas for varenicline there was a significant effect on adherence during reimbursement. The 

higher price of varenicline and the longer recommended period of use compared to bupropion, 

may help to explain why the effect of reimbursement was only statistically significant in the 

varenicline subgroup, and why the absolute proportion of adherent patients was lower over all 

periods in users of varenicline. For bupropion, also the smaller sample size could explain that 

there was no significant effect observed.

To our knowledge, no previous studies have assessed the impact of reimbursement on the extent 

of adherence with smoking cessation medication. One study indicated that reimbursement 
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of smoking cessation treatment had favorable effects on the prolonged abstinence rates33, 

however the effect on adherence was not incorporated. Two studies showed that high co-

payments for smoking cessation medication may have held patients back from continuing their 

therapy.24, 25 Zeng et al. assessed if a second prescription was redeemed within half a year after 

the first prescription of varenicline, but did not take into account other follow-up prescriptions.24 

Suehs et al. reported similar absolute adherence to varenicline, with 14.9% classified as 

adherent (PDC ≥ 80%).25 A previous Dutch study by Schuck 2014 et al.34 used adherence to 

pharmacotherapy (varenicline or bupropion) as a secondary outcome of their intervention study 

(N = 512). Although adherence rates were reported for only a small number of patients (N = 

62), these rates showed that between 55% and 60% discontinued their medication within the 

first 4 weeks after initiation, implicating that only a maximum of 40% - 45% completed the 

recommended period of use. Our adherence rates are even lower. This may be caused by the 

fact the our results are based on real-world measures obtained from the general population, 

while the population of Schuck et al. was more selective with only smoking parents, used a 

self-reported measure of adherence, and only included patients that were subject to intensive 

counseling programs.

A retrospective cohort study from the United States reported adherence rates for varenicline 

only and found that 54.9% (or 24% when primary non-adherence was included) of the patients 

that initiated varenicline were adherent (≥80%) based on their pharmacy dispensing records.32 

Moreover, successful smoking cessation occurred more often in adherent patients. Yet, because 

of the observational design, outcomes may have been subject to selection bias and the risk of 

reversed causality. In the study by Bock et al.35  the risk of reversed causality was minimized as 

of the use of a randomized controlled study design. Their study highlighted the importance of 

integrated therapeutic approaches to improve adherence to smoking cessation medication and 

found that for nicotine replacement therapy, increased patch use was associated with enhanced 

smoking cessation. However, the protected effect of increased patch use on abstinence rates 

decreased after 6 months. The Dutch national smoking prevalence (2010: 27%, 2011: 25%, 

2012: 26%, 2013: 23%) shows a decrease in years in which smoking cessation was reimbursed 

(2011 and 2013), thereby strengthening the validity and relevance of our findings.36

In general, our study showed that initiation of smoking cessation medication was higher 

in periods of reimbursement. This finding is in line with a previous Dutch study that used a 

different database.7 As Verbiest et al. used data up till 2012, a similar increase in number of 

patients that initiated pSCT during reimbursement in 2011 was noticed as well as the sharp 

drop in 2012. The two significant peaks in medication use during the first reimbursement year 

(2011) may be related to the Dutch health insurance system, in which individuals have to spend 

their mandatory deductible before they can claim any reimbursement. People then wait until 

the end of the year, when more pressing health matters have taken up their deductible. The 

first peak might be explained by New Year’s resolutions and, more likely, by the timing of media 

campaigns as Nagelhout et al. recently suggested that media campaigns are associated with 
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increased quit attempts in The Netherlands.37

Our study also included data from 2013. Notably, after re-reimbursement in 2013, the number 

of subjects that initiated pSCT increased again, but not in the same extent as in 2011, when 

reimbursement was introduced for the first time in The Netherlands. Adherence increased again 

to rates comparable to 2011. The lower number of patients that initiated pSCT in 2013 could 

be explained by a lower extent of media attention.37 Another explanation might be that many 

smokers already had a reimbursed attempt in 2011 and did not give it another try.

Strengths and limitations

A major strength of this study was the use of a dataset that represents the real-world situation 

in The Netherlands. All patients in The Netherlands have an obligatory health insurance and 

therefore a representative population of patients was included during the, so far, 2 years’ 

experience with reimbursement of smoking cessation treatments. However, since our population 

was from the Northern Netherlands only, regional representation could be limited, although no 

significant differences between Dutch regions are known. A limitation of the database was 

the lack of any information on clinical diagnosis, smoking status or other substance abuse. 

Information on smoking status and quit smoking motivation would be interesting to assess the 

link between motivation to quit, adherent use and actual smoking cessation. It may be the case 

that in non-reimbursement periods, those who have a quit smoking attempt tend to be more 

highly motivated, as the treatment is expensive. In reimbursement periods, less committed 

smokers may also have a quit attempt, due to the greater accessibility of treatments due to 

reduced cost. If true, this would likely have the effect of reducing the effect of reimbursement 

on adherence. It was however not possible to control for such motivational factors using the 

dataset. Another issue might be the occurrence of history bias, as patients that had already a 

quit smoking attempt in the first reimbursement period may not be given it another try in the 

second reimbursement period. Also, some patients may have been prescribed bupropion for 

depression. However, this is often prescribed as second or third choice. By the exclusion of 

patients with use of selective serotonin reuptake inhibitors or tricyclic antidepressants in the 

year preceding initiation of bupropion and exclusion of long-term users, we aimed to minimize 

this possibility. Lastly, although pharmacy dispense records provide an easy accessible, validated 

and quick tool to assess adherence38, the dispense of medication may not guarantee a patient 

actually taking his or her medication. However, this method provides a non-invasive and more 

objective measure of adherence than self-report, in which adherence is often overestimated.39 

Recommendations for future research, policy, and clinical practice

Reimbursement of pharmacological smoking cessation treatments seems associated with an 

increased adherence to medication and may thereby increase the likelihood of success of the 

medication. Future research is recommended to explore factors that influence this association. 

In addition, future studies are recommended to assess the long-term effects of reimbursement 
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on the extent of adherence. While this study focused on the use of bupropion and varenicline, 

additional research is recommended on the impact of reimbursement on adherence to other 

smoking cessation treatments such as nicotine replacement therapy and counseling.

Results of this study strengthen the decision of the Dutch government to reimburse smoking 

cessation treatments. However, the worldwide prevalence of smoking is still considerable and 

therefore other policies could be introduced in addition. Governments could, for example, 

play a pivotal role in the implementation and consolidation of public smoking bans, increasing 

tobacco taxes, and the control of illegal import of (high amounts) of tobacco.1, 40 

This study also highlights some important points for the healthcare provider. Previous studies 

have outlined the importance of training healthcare providers in providing effective smoking 

cessation support. Training of general practitioners, cost-free nicotine replacement and tailored 

interventions to support pharmacy-based counseling showed some promising results.12, 41 Con-

vincing and counseling patients to initiate a quit smoking attempt may be not enough however. 

In particular, when treatments are initiated it is recommended not only to pay attention to 

successful initiation of the treatment, but also to monitor and safeguard patients’ adherence to 

this treatment as long as needed.32 So far, the few studies that focused on improving adherence 

showed promising results by the use of Medication Event Monitoring Systems.18, 42

CONCLUSION

Not only the likelihood of initiating pharmacological smoking cessation treatments, but also the 

extent of adherence to these treatments, although generally low, seems higher during periods 

of reimbursement. 
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ABSTRACT
 

Background

With a growing availability of different devices and types of medication, additional evidence is 

required to assist clinicians in prescribing the optimal medication in relation to chronic obstructive 

pulmonary disease (COPD) patients’ persistence with long-acting β2-agonists (LABAs). 

Aims

To assess the impact of the type of inhaler device (multiple-dose versus single-dose inhalers) on 

1-year persistence and switching patterns with LABAs.

Methods

A retrospective observational cohort study was performed comparing a cohort of patients 

initiating multiple-dose inhalers and a cohort initiating single-dose inhalers. The study 

population consisted of long-acting bronchodilator naive COPD patients, initiating inhalation 

therapy with mono-long-acting beta agonists (formoterol, indacaterol or salmeterol). Analyses 

were performed using pharmacy dispensing data from 1994 to 2012, obtained from the IADB.

nl database. Study outcomes were 1-year persistence and switching patterns. Results were 

adjusted for initial prescriber, initial medication, dosing regimen and relevant comorbidities.

Results

In all, 575 patients initiating LABAs were included in the final study cohort. Among them, 

475 (83%) initiated a multiple-dose inhaler and 100 (17%) a single-dose inhaler. Further, 

269 (47%) initiated formoterol, 9 (2%)  indacaterol and 297 (52%) salmeterol. There was 

no significant difference in persistence between users of multiple-dose or single-dose inhalers 

(hazard ratio: 0.98, 95% confidence interval : 0.76-1.26, P=0.99). Over 80% re-started or 

switched medication. 

Conclusions

There seems no impact of inhaler device (multiple-dose vs single-dose inhalers) on COPD 

patients’ persistence with long-acting beta agonists. Over 80% of patients who initially seemed 

to discontinue LABAs, re-started their initial medication or switched inhalers or medication 

within 1 year.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) places a high burden on both public health 

and health-care budgets of patients and government.1,2 Despite no curative treatment being 

available, inhaled medication has been shown to reduce disease symptoms.3,4 However, 

effectiveness of current medication has mainly been assessed in controlled clinical trial 

settings, which may not properly reflect real-life behavior of patients. Furthermore, these trial 

populations do not fully represent the characteristics of the average COPD population.5 Both 

factors contribute to a real-life adherence to COPD medication that is far beyond adherence 

reported in clinical trials.6,7 Recently, non-adherent patients were highlighted as a target for 

interventions because of the significant clinical and economic impact of non-adherence in 

patients with COPD.8 Factors associated with non-adherence with COPD medication include 

age, comorbidity, disease severity  and class of medication.9,10 However, only a few factors 

may be modified by the prescribing clinician. Compared to the abundant number of adherence 

studies in asthma patients, studies on patients with COPD are limited.6,7,11-13 In particular, 

studies assessing the impact of the type of inhaler device on medication adherence in patients 

with COPD are lacking.14 With a growing availability of different types of medication and 

inhaler devices, additional evidence is required to assist clinicians in prescribing the optimal 

medication in relation to their patients’ adherence. Adherence does encompass compliance 

(the extent of acting according to the prescribers’ advice) and persistence (duration of time 

from initiation till discontinuation of therapy).15 The objective of this study is to assess the 

impact of the type of inhalation device on COPD patients’ persistence with, and switching 

between, long-acting respiratory medication. The focus on persistence was chosen as this could 

be objectively measured using a dispensing database, whereas compliance would require face-

to-face assessment of patients. In particular, we focused on persistence with long-acting β2-

agonists (LABAs), where we compared single-dose vs multiple-dose inhalers.

METHODS

Data source

Data were obtained from the InterActionDatabase (IADB.nl, available from http://www.

iadb.nl). The IADB.nl database covers pharmacy dispensing data from over 500,000 patients 

from 55 community pharmacies located in the Northern Netherlands between 1994 and 

2012. Dispensing data contain information on drug name, product specifications, anatomical 

therapeutic chemical code, prescriber, amount of delivered drug units, daily dose and patient 

characteristics such as date of birth, gender and socioeconomic status, regardless of health-

care insurance status of the patients. Thus, the database is representative for the real-world 

situation in The Netherlands. Medication dispensed in hospitals is not included. The IADB.

nl database has been validated for drug utilization studies16 and has been used in previous 

persistence studies.17,18 In The Netherlands, patients usually redeem their prescriptions at the 

same pharmacy allowing a complete longitudinal follow-up. 
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Study population

As the database lacked data on clinical diagnosis, COPD patients were selected based on 

initiation of inhaled respiratory medication above the age of 55 years, in line with previous 

studies.7,12 Treatment initiation was defined as at least one prescription of LABAs for inhalation 

(salmeterol (R03AC12), formoterol (R03AC13) or indacaterol (R03AC18)). The group of LABAs 

was chosen as for this group both dry powder inhalers (DPI) and pressurized metered dose 

inhalers are available. Moreover, within the DPI group, both single-dose as well as multiple-

dose inhalers are available, making this the group of long-acting bronchodilators where the 

influence of inhaler device could be most extensively tested. Starters were defined as not having 

used any long-acting respiratory medications (LABAs, inhaled corticosteroids (ICS) or long-

acting muscarinic antagonists) for at least 2 years before treatment initiation. To make sure that 

a complete overview of history and follow-up was available, patients needed to be registered 

in the database at least 2 years before and 1 year after initiation of therapy. We only included 

patients who started one type of inhaled medication at treatment initiation (that is, patients who 

started a LABA and at the same date ICS or long-acting muscarinic antagonist were excluded). 

To minimise the possibility to include (late onset) asthma patients, we excluded patients using 

typical asthma medication (antihistamines (R06), anti-allergics (R03BC), leukotriene receptor 

antagonists (R03DC) and omaluzimab (R03DX05)) within 1 year after long-acting beta agonist 

initiation. 

Persistence

Continuous drug use in the first year was calculated by the total number of doses dispensed 

from therapy initiation, divided by the prescribed daily dose. A gap of maximal 60 days without 

medication coverage within the period of continuous use was allowed to consider a patient 

being still persistent to medication, that is, patients who did not have any gaps exceeding 60 

days in the 1-year period after therapy initiation were considered persistent. This 60-day gap 

is a common cutoff and was used in various previous studies assessing persistence with COPD 

medication.6,7 

Switching

Part of the non-persistent patients were those who did discontinue their initial inhaler or 

medication, but did not completely discontinue the use any long-acting medication at all (that 

is, they switched therapy). Therefore, follow-up of non-persistent (to initial therapy) patients 

was monitored by assessing patients’ medication profiles after the date of discontinuation of 

their initial therapy. For all patients, follow-up was at least 1 year from the date of treatment 

initiation; however, to be able to assess switching patterns in the year after the date of treatment 

discontinuation, follow-up needed to be longer. Therefore, we defined a subcohort where 

patients needed to have a follow-up of at least 2 years. After discontinuation of initial treatment, 

we assessed the following possibilities: a switch to a different inhaler within the DPI class (that 
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is, from single- to multiple-dose inhaler or vice versa), a switch to a LABA-pressurised metered 

dose inhaler, a switch to a different bronchodilator class (LABA/ICS or long-acting muscarinic 

antagonist), a restart with initial type of medication/inhaler or permanent discontinuation of 

any long-acting bronchodilator. 

Defining the single-dose and multiple-dose cohorts

Two cohorts were defined based on type of LABA-DPI initiated by the patients. We made a 

distinction between single-dose and multiple-dose DPI inhalers. Single-dose inhalers require 

loading of separate capsules before using the device.19,20  Examples include the Handihaler, the 

Cyclohaler, the Rotahaler and the Breezhaler. Multiple-dose inhalers contain a fixed amount of 

doses (usually between 60 and 120) that can be taken successively until the device runs out of 

doses. Examples include the Diskus, the Turbuhaler and the Novolizer. We hypothesized that 

the use of single-dose inhalers required more complex and time-consuming handlings in order 

to perform proper inhalation and would therefore decrease treatment persistence. 

Covariates 

Although this study focused on the medication and inhaler devices, persistence may be altered by 

several other parameters. The following parameters were  compared between the two cohorts:  

age, gender, socioeconomic status, initial prescriber, comorbidity (described in more detail 

below), number of short courses of oral corticosteroids, use of short-acting bronchodilators, 

initial medication and dosing regimen. We performed a multivariate analysis to correct for 

parameters that significantly differed (P < 0.05) between the two cohorts. 

Comorbidity. Included comorbidities were selected based on frequently reported comorbidities 

from previous studies.21 If available, proxies from earlier studies were used to identify comorbidities 

based on medication use.22-24 Diabetes was identified by use of glucose-lowering drugs, that 

is, drugs with anatomical therapeutic chemical code ‘A10%’. Dyslipidemia was identified by 

use of lipid-lowering drugs (C10). Heart failure and ischaemic heart disease were identified 

by prescription of digoxin or loop diuretics (C01AA05 or C03C) and C01DA, respectively. 

Patients not using previously mentioned anatomical therapeutic chemical codes but using other 

cardiovascular drugs (C02, C03, C07, C08 or C09) were classified as patients suffering from 

other cardiovascular disorders. Other diseases included osteoporosis (M05B), anxiety (N05B 

and N05C), dementia (N06B), depression (N06A), rheumatic arthritis (M01 and M02) and 

hypothyroid disease (H03). Patients needed to have at least two of these prescriptions within 

1 year after COPD treatment initiation to be considered a chronic user of these comedications.

Statistics

Parameters of the two cohorts were compared using Fischer’s exact tests or Mann-Whitney 

U-tests, where appropriate. 

Kaplan-Meier (KM) survival analyses were used to visualize patients’ persistence over a 1-year 

time period, comparing patients initiating multiple-dose inhalers and single-dose inhalers. 



112

6

ENHANCING ADHERENCE IN PATIENTS WITH COPD

In multivariate Cox proportional Hazard analyses, results were adjusted for parameters that 

differed between the two cohorts with a 95% confidence level (P < 0.05). Statistics were 

performed with IBM SPSS Statistics 22 (IBM Corp, Armonk, NY, USA).

Handling of missing data

Patients without gender or date of birth information were excluded from the cohort, just as 

patients who died in the year after treatment initiation. In case of missing data on essential 

parameters such as dosing regimen or amount of inhalers dispensed, patients were also 

excluded. 

Sensitivity analyses

In order to assess the sensitivity of the gap that was chosen to define persistence, we also 

performed an analysis with a 30- and 90-days gap. These analyses will ease generalisability 

of results by allowing comparison to previous studies using different definitions of persistence. 

Sensitivity analyses were performed for patients with at least two prescriptions for long-acting 

bronchodilators (including LABA-ICS or long-acting muscarinic antagonist) in the year after 

treatment initiation, that is, one-time users (for example, in case of an incident exacerbation) 

were excluded. 

RESULTS

Population selection process 

In all, 1,838 potential COPD patients initiated a LABA of interest (formoterol,  indacaterol or 

salmeterol) between 1996 and 2011. After exclusion of likely asthma patients (223), 1,615 

patients remained. Of these, 595 patients had no complete information records on essential 

parameters to calculate persistence (for example, dosing regimen or amount of inhalers) and 

were excluded, leaving 1,020 patients. Among them, 207 started two long-acting inhalers on 

the same date and were excluded, leaving 813 patients. Of those, 238 (29%) started with a 

pressurised metered dose inhaler and 575 (71%) started with a DPI. Of all the DPI users, 475 

(83%) initiated a multiple-dose inhaler and 100 (17%) a single-dose inhaler.

A flow-diagram is provided in Figure 1. Patient characteristics, per cohort, are presented in Table 

1. Parameters that significantly differed (P < 0.05) were the initial prescriber, comorbidities 

(lipid-metabolism disorders and psychosis, in particular), the initial medication and the dosing 

regimen.
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Figure 1. Flow diagram of the population selection process. Asthma patients, excluded based on use of antihistamines, 

anti-allergics, leukotriene receptor antagonists or omaluzimab; COPD, chronic obstructive pulmonary disease; double 

medication, initiating of two types of inhaled medication at the same date; DPI, dry powder inhaler; LABA, long-acting 

β2-agonist; pMDI, pressurised metered dose inhaler. 
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Table 1: Patient characteristics (N=575)

Multiple-dose inhalers (N=475) Single-dose inhalers (N=100)

Patient characteristics N % N % P

Gender

Male 226 47.6 55 55.0 0.19*

Age 

Mean (SD) 69.3 (8.9) 69.6 (9.2) 0.75#

Initial prescriber

Specialist 56 11.8 27 27.0 <0.05*

Socio-economic status 

Mean (SD) 0.6 (1.1) 0.6 (1.1) 0.67#

Comorbidity

Osteoporosis 21 4.4 2 2.0 0.40*

Diabetes Mellitus 70 14.7 12 12.0 0.53*

Ischemic heart disease 36 7.6 10 10.0 0.42*

Heart failure 73 15.4 21 21.0 0.18*

Disorders of lipid 

metabolism

134 28.2 16 16.0 <0.05*

Other cardiovascular 

disorders

271 57.1 52 52.0 0.38*

Depression 45 9.5 9 9.0 0.99*

Dementia 1 0.2 2 2.0 0.08*

Anxiety 123 25.9 26 26.0 0.99*

Psychosis 7 1.5 6 6.0 <0.05*

Rheumatic arthritis 76 16.0 13 13.0 0.54*

Thyroid disease 28 5.9 3 3.0 0.33*
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Multiple-dose inhalers (N=475) Single-dose inhalers (N=100)

Patient characteristics N % N % P

Number of comorbidities

Mean 1.9 (1.6) 1.7 (1.5) 0.42#

Short-acting bronchodilators

At least one prescrip-

tion

94 19.8 23 23.0 0.50*

Short courses oral corticosteroids (yearly)

Mean 0.5 (2.1) 0.4 (0.7) 0.36#

Initial medication 

Formoterol 224 47.2 45 45.0

<0.05*Indacaterol 0 0.0 9 9.0

Salmeterol 251 52.8 46 46.0

Dosing regimen

Mean 2.00 (0.50) 1.89 (0.55) <0.05#

SD: Standard Deviation;  *:2-sided Fisher’s Exact Test;  #: Mann-Whitney U-Test; Italic=significant (p<0.05)

Analysis of persistence 

Overall, 1-year persistence in the basecase scenario (60-day gap, minimal one prescription) was 

14.4%. Persistence between users of multiple-dose and single-dose inhalers did not significantly 

differ (hazard ratio: 0.96, 95% confidence interval: 0.76-1.22, P = 0.74). In the multivariate 

analysis, results did not change (HR: 0.98, 95% confidence interval: 0.76-1.26, P = 0.99).

Sensitivity analyses

Impact of the gap

In sensitivity analyses, overall 1-year persistence changed when increasing or decreasing the gap 

allowed for being considered persistent. Decreasing to a 30-day gap reduced overall persistence 

to 9.6%, whereas increasing to a 90-day gap improved overall treatment persistence to 19.0%. 
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Excluding one-time users

Including only patients with two prescriptions or more resulted in a cohort of 375 patients 

initiating LABAs. Sixty-six (18%) patients initiated a single-dose inhaler and three hundred 

nine (82%) a multiple-dose inhaler. Overall persistence was 21.9%. There was no significant 

difference between persistence of users of single-dose or multiple-dose inhalers (25% vs 

21%, P = 0.24). Persistence with initial medication over time is graphically shown in Figure 2. 

Note that in this figure patients were marked non-persistent when they did not redeem their 

next prescription of their initial inhaler within 60 days after the theoretical end-date of their 

previous prescription (when used as prescribed). Take into account that the dosing regimen 

varied between one and four times per day. The time point of non-persistence is the theoretical 

end-date of their last prescription before their first gap.

Allowing switching. In Figure 3, persistence with any long-acting medication over time is shown 

for a cohort that included only patients with two or more prescriptions and allowing switching, 

resulting in an overall persistence of 38.4%.

Figure 2: Persistence with initial inhaled beta agonists of patients (N=375) with minimal two dispenses for bronchodila-

tors, allowing a maximum gap of 60 days: multiple-dose versus single-dose inhalers.
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Figure 3: Overall persistence with any long-acting inhaled medication of patients (N=375) with minimal two dispenses 

for bronchodilators, allowing a maximum gap of 60 days and allowing switching.

Switching patterns

Figure 4 shows the switching patterns of non-persistent patients after their first 60-days gap. 

Note that the switching analysis was performed in a subcohort (N=307) with at least two 

dispensings for long-acting bronchodilators (that is,  one-time users are not included) and a 

follow-up of at least 2 years from treatment initiation. In this cohort, 38 out of 53 single-

dose inhaler users were non-persistent and  203 out of 254 multiple-dose inhaler users. From 

Figure 4 it is shown that ~40% of all patients (disregarding their inhaler type) re-started their 

initial therapy within 1 year after their first gap. Less than 19% of the patients with a gap did 

permanently discontinue any type of long-acting respiratory therapy. A considerable percentage 

of patients switched to fixed dose inhalers of LABA and ICS. Of the single-dose inhaler users, 

11% switched to multiple-dose inhalers of the same medication, whereas none of the multiple-

dose inhaler users switched to single-dose inhalers with the same medication. 
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Figure 4: Switching patterns after first 60-day gap in patients with at least 2 dispenses and two years follow-up: sin-

gle-dose vs multiple-dose inhalers. 

DISCUSSION

Main findings 

This study showed no significant impact of inhaler device on COPD patients’ persistence with 

LABAs: persistence of patients initiating multiple-dose inhalers was comparable to patients 

initiating single-dose inhalers. Whereas overall persistence with long-acting beta agonists 

seemed relatively low at first sight, this study showed that ~40% of all patients (disregarding 

their inhaler type) re-started their initial therapy within 1 year. Only 15% of the patients who 

seemed to discontinue based on a 60-day treatment gap, did indeed permanently discontinue 

any type of long-acting respiratory therapy. A considerable percentage of patients (about one-

third) switched to fixed dose inhalers of LABA and ICS. Of the single-dose inhaler users, 11% 

switched to multiple-dose inhalers of the same medication, whereas none of the multiple-dose 

inhaler users switched to single-dose inhalers with the same medication.

Interpretation of findings in relation to previously published work

This study is the first describing the relationship between inhaler devices and persistence 

with COPD maintenance medication. In asthma, DPI devices have been linked to improved 

adherence compared to pressurized metered dose inhalers.25 Specific studies in COPD patients 

assessing the impact of inhaler device on adherence or persistence are lacking.14  In general, 
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medication persistence was far short of optimal, for both multiple-dose as well as single-dose 

inhalers. This relatively low persistence is in line with findings from previous studies;6,7 however, 

this study showed that over 80% of patients who initially seemed to discontinue LABAs, based 

on a 60-days treatment gap, re-started their initial medication or switched to different types of 

inhaler or medication within 1 year after discontinuation. The high percentage of switching may 

suggest that for some prescribers it takes some time to find the optimal inhaler and medication 

to suit their patients’ preferences regarding persistent use. However, whereas an optimal inhaler 

may favor patients’ persistence, improved disease control and better clinical outcomes are not 

guaranteed. Even though in controlled clinical trial settings comparing inhalers devices no 

differences in outcomes were observed26, in daily practice, many problems with inhalers have 

been described.19,20,27 Main problems are related to a poor inhalation technique28, resulting in 

suboptimal deposition in the lungs, oropharyngeal side effects29 and ultimately poor disease 

control.30 Instruction on inhalation techniques have been shown to not only improve adherence, 

but was also associated with better health-related quality of life.31 Apart from inhalation technique 

and lung deposition issues, one can argue whether improved health outcomes are solely achieved 

by adherence to respiratory medication or that COPD patients’ (self-management) skills and 

behavior determine an important part improved outcomes. Notably, good adherers with COPD 

placebo inhalers showed comparable outcomes on mortality and hospitalization rates as good 

adherers to real medications.32 Vestbo et al. describe this phenomenon as the ‘healthy adherer 

effect’.32 It is suggested that COPD patients who are good adherers to their medication have a 

healthier lifestyle in general (similar to more awareness of the importance of smoking cessation, 

a healthy diet and intensity of exercise). In other words, medication non-adherence may be an 

indicator of patients’ shortage of disease- and self-management skills. This reveals an important 

opportunity for the healthcare provider: actively search for non-adherent COPD patients (for 

example, by medication dispense records) and target your interventions to these patients. Using 

this strategy, not only health-care providers’ time is more efficiently spend, but also the cost-

effectiveness of disease management interventions is expected to increase as non-adherence 

has a marked effect on worsened economic outcomes.8

Strengths and limitations

By using real-world and up-to-date data, the results of this study are expected to be representative 

for the current situation in the community. However, whereas relative results are expected to be 

generalisable between countries, absolute results may be less generalisable because of intensive 

monitoring and lung revalidation programs currently running in The Netherlands, which may 

attribute to a more adherent behaviour. Some late onset asthma patients may be incorrectly 

classified as COPD patients as the database does not provide a diagnosis. In addition, some 

severe exacerbations (requiring hospital admission) may have been missed as the database 

only collects data from community pharmacies. Although we tried to use the dispensing of 

short-courses of oral corticosteroids as a proxy for disease severity, findings could still be 
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confounded by COPD severity as neither lung function data nor a full set of proxies for COPD 

severity were available. The last two limitations are related to the size of the sample. It might be 

possible that the observed non-difference in persistence between the two inhaler types resulted 

from an insufficient power to detect the persistence difference. Another possibility is that the 

persistence difference might only exist, for example, in those COPD patients using their inhaler 

four times per day, and only a small proportion of the studied subjects used the inhaler at this 

high frequency.

Implications for future research, policy and practice

In order to optimise patients’ persistence with COPD medication, we recommend a choice 

of inhaler depending on patients’ individual abilities to handle the inhaler.33 Besides, factors 

relating to optimal prescription, taking into account patients’ preferences34 and interventions 

on behaviour modification (for example, stimulation of self-management and inhalation 

techniques) are equally important and may add to patients’ capacity of acting in a more adherent 

behaviour.35 In addition, enhancing health-care providers’ education and communication skills 

may be beneficial.36 Targeting these interventions on non-adherent patients is expected to 

improve cost-effectiveness.8,37

CONCLUSIONS

The choice of an appropriate inhaler device is an important issue regarding COPD patients’ 

persistence; however, regarding the inhaler being a multi-dose or a single-dose device does not 

seem to affect patients’ persistence with LABAs. Over 80% of patients, who initially seemed to 

discontinue LABAs, re-started their initial medication or switched to a different type of inhaler 

or medication within 1 year.

ACKNOWLEDGEMENTS

The authors thank Bert Bijker for database assistance.

Conflicts of interest

JB, JR, RG and SV declare that they have no conflicts of interest in relation to this article. TM 

has received research grants from AstraZeneca, GlaxoSmithKline, Nycomed, MSD, Almirall, 

consultancy fees for advisory boards from AstraZeneca, Nycomed, MSD, Novartis, Almirall and 

speaker fees from AstraZeneca, GlaxoSmithKline, Nycomed, Novartis and MSD. PD has received 

reimbursements for attending symposia, fees for speaking, organizing educational events, 

funds for research or fees for consulting from AstraZeneca, Boehringer-Ingelheim, Chiesi, MSD, 

Mundipharma, Novartis, Takeda, Almirall and Teva. MP has received grants, honoraria and 

travel stipends from various pharmaceutical companies including GlaxoSmithKline.



121

6

TARGETS, INTERVENTIONS AND COST-EFFECTIVENESS

Author contributions

JB and TM designed the study. JR and RG prepared the database. JB and SV performed the 

analyses. All authors were involved in study methodology and interpretation of results. JB wrote 

the first draft. All authors commented on the manuscript and contributed to the final version. 

JB is the guarantor of the study. 

Funding

This study was supported by an unrestricted educational grant from GlaxoSmithKline.



122

6

ENHANCING ADHERENCE IN PATIENTS WITH COPD

REFERENCES

1.   Sullivan SD, Ramsey SD, Lee TA. The economic burden of COPD. Chest. 2000;117(2 Suppl):5S-9S.

2.   van Boven JF, Vegter S, van der Molen T, Postma MJ. COPD in the working age population: The eco-

nomic impact on both patients and government. COPD. 2013;10(6):629-639.

3.   Calverley P, Pauwels R, Vestbo J, et al. Combined salmeterol and fluticasone in the treatment of chron-

ic obstructive pulmonary disease: A randomised controlled trial. Lancet. 2003;361(9356):449-456.

4.   Calverley PM, Anderson JA, Celli B, et al. Salmeterol and fluticasone propionate and survival in chronic 

obstructive pulmonary disease. N Engl J Med. 2007;356(8):775-789.

5.   Herland K, Akselsen JP, Skjonsberg OH, Bjermer L. How representative are clinical study patients with 

asthma or COPD for a larger “real life” population of patients with obstructive lung disease? Respir 

Med. 2005;99(1):11-19.

6.   Cramer JA, Bradley-Kennedy C, Scalera A. Treatment persistence and compliance with medications for 

chronic obstructive pulmonary disease. Can Respir J. 2007;14(1):25-29.

7.   Penning-van Beest F, van Herk-Sukel M, Gale R, Lammers JW, Herings R. Three-year dispensing pat-

terns with long-acting inhaled drugs in COPD: A database analysis. Respir Med. 2011;105(2):259-

265.

8.   van Boven JF, Chavannes NH, van der Molen T, Rutten-van Molken MP, Postma MJ, Vegter S. Clinical 

and economic impact of non-adherence in COPD: A systematic review. Respir Med. 2014;108(1):103-

113.

9.   George J, Kong DC, Thoman R, Stewart K. Factors associated with medication nonadherence in pa-

tients with COPD. Chest. 2005;128(5):3198-3204.

10.   Khdour MR, Hawwa AF, Kidney JC, Smyth BM, McElnay JC. Potential risk factors for medication 

non-adherence in patients with chronic obstructive pulmonary disease (COPD). Eur J Clin Pharmacol. 

2012;68(10):1365-1373.

11.   Blais L, Bourbeau J, Sheehy O, LeLorier J. Inhaled corticosteroids in COPD: Determinants of use and 

trends in patient persistence with treatment. Can Respir J. 2004;11(1):27-32.

12.   Breekveldt-Postma NS, Gerrits CM, Lammers JW, Raaijmakers JA, Herings RM. Persistence with in-

haled corticosteroid therapy in daily practice. Respir Med. 2004;98(8):752-759.

13.   Rand CS, Nides M, Cowles MK, Wise RA, Connett J. Long-term metered-dose inhaler adherence in a 

clinical trial. the lung health study research group. Am J Respir Crit Care Med. 1995;152(2):580-588.

14.   Makela MJ, Backer V, Hedegaard M, Larsson K. Adherence to inhaled therapies, health outcomes and 

costs in patients with asthma and COPD. Respir Med. 2013.

15.   World Health Organization. Adherence to long-term therapies - evidence for action. available from: 

Http://Apps.who.int/medicinedocs/pdf/s4883e/s4883e.pdf. . 2003.

16.   Visser ST, Schuiling-Veninga CC, Bos JH, de Jong-van den Berg LT, Postma MJ. The population-based 

prescription database IADB.nl: Its development, usefulness in outcomes research and challenges. Ex-

pert Rev Pharmacoecon Outcomes Res. 2013;13(3):285-292.

17.   Vegter S, Nguyen NH, Visser ST, de Jong-van den Berg LT, Postma MJ, Boersma C. Compliance, per-

sistence, and switching patterns for ACE inhibitors and ARBs. Am J Manag Care. 2011;17(9):609-616.



123

6

TARGETS, INTERVENTIONS AND COST-EFFECTIVENESS

18.   van Boven JF, de Boer PT, Postma MJ, Vegter S. Persistence with osteoporosis medication among new-

ly-treated osteoporotic patients. J Bone Miner Metab. 2013;31(5):562-570.

19.   Barrons R, Pegram A, Borries A. Inhaler device selection: Special considerations in elderly patients with 

chronic obstructive pulmonary disease. Am J Health Syst Pharm. 2011;68(13):1221-1232.

20.   Virchow JC, Crompton GK, Dal Negro R, et al. Importance of inhaler devices in the management of 

airway disease. Respir Med. 2008;102(1):10-19.

21.   Garcia-Olmos L, Alberquilla A, Ayala V, et al. Comorbidity in patients with chronic obstructive pulmo-

nary disease in family practice: A cross sectional study. BMC Fam Pract. 2013;14:11-2296-14-11.

22.   Gray J, Majeed A, Kerry S, Rowlands G. Identifying patients with ischaemic heart disease in general 

practice: Cross sectional study of paper and computerised medical records. BMJ. 2000;321(7260):548-

550.

23.   Tu K, Manuel D, Lam K, Kavanagh D, Mitiku TF, Guo H. Diabetics can be identified in an electronic 

medical record using laboratory tests and prescriptions. J Clin Epidemiol. 2011;64(4):431-435.

24.   Udris EM, Au DH, McDonell MB, et al. Comparing methods to identify general internal medicine clinic 

patients with chronic heart failure. Am Heart J. 2001;142(6):1003-1009.

25.   Roy A, Battle K, Lurslurchachai L, Halm EA, Wisnivesky JP. Inhaler device, administration technique, 

and adherence to inhaled corticosteroids in patients with asthma. Prim Care Respir J. 2011;20(2):148-

154.

26.   Dolovich MB, Ahrens RC, Hess DR, et al. Device selection and outcomes of aerosol therapy: Evi-

dence-based guidelines: American college of chest physicians/american college of asthma, allergy, and 

immunology. Chest. 2005;127(1):335-371.

27.   Rau JL. Determinants of patient adherence to an aerosol regimen. Respir Care. 2005;50(10):1346-56; 

discussion 1357-9.

28.   Broeders ME, Sanchis J, Levy ML, Crompton GK, Dekhuijzen PN, ADMIT Working Group. The ADMIT 

series--issues in inhalation therapy. 2. improving technique and clinical effectiveness. Prim Care Respir 

J. 2009;18(2):76-82.

29.   van Boven JF, de Jong-van den Berg LT, Vegter S. Inhaled corticosteroids and the occurrence of oral 

candidiasis: A prescription sequence symmetry analysis. Drug Saf. 2013;36(4):231-236.

30.   Lindgren S, Bake B, Larsson S. Clinical consequences of inadequate inhalation technique in asthma 

therapy. Eur J Respir Dis. 1987;70(2):93-98.

31.   Takemura M, Mitsui K, Itotani R, et al. Relationships between repeated instruction on inhalation ther-

apy, medication adherence, and health status in chronic obstructive pulmonary disease. Int J Chron 

Obstruct Pulmon Dis. 2011;6:97-104.

32.   Vestbo J, Anderson JA, Calverley PM, et al. Adherence to inhaled therapy, mortality and hospital ad-

mission in COPD. Thorax. 2009;64(11):939-943.

33.   Vincken W, Dekhuijzen PR, Barnes P, ADMIT Group. The ADMIT series - issues in inhalation therapy. 

4) how to choose inhaler devices for the treatment of COPD. Prim Care Respir J. 2010;19(1):10-20.

34.   Price D, Lee AJ, Sims EJ, et al. Characteristics of patients preferring once-daily controller therapy for 

asthma and COPD: A retrospective cohort study. Prim Care Respir J. 2013;22(2):161-168.



124

6

ENHANCING ADHERENCE IN PATIENTS WITH COPD

35.   Broeders ME, Vincken W, Corbetta L, ADMIT Working Group. The ADMIT series--issues in inhalation 

therapy. 7. ways to improve pharmacological management of COPD: The importance of inhaler choice 

and inhalation technique. Prim Care Respir J. 2011;20(3):338-343.

36.   Lareau SC, Yawn BP. Improving adherence with inhaler therapy in COPD. Int J Chron Obstruct Pulmon 

Dis. 2010;5:401-406.

37.   Van Boven JF, Tommelein E, Boussery K, et al. Improving inhaler adherence in patients with Chronic 

Obstructive Pulmonary Disease: a cost-effectiveness analysis. Respir Res. 2014; 15:66. 



125

6

TARGETS, INTERVENTIONS AND COST-EFFECTIVENESS



126

6

ENHANCING ADHERENCE IN PATIENTS WITH COPD



127

7

TARGETS, INTERVENTIONS AND COST-EFFECTIVENESS

CHAPTER 7
MAPPING THE CLINICAL COPD
 
QUESTIONNAIRE (CCQ) ONTO 
GENERIC PREFERENCE-BASED EQ-5D 
VALUES 

Previously published as:

Boland MR, van Boven JF, Kocks JW, van der Molen T, Goossens LM, Chavannes NH, Rut-

ten-van Mölken MP. 

Mapping the clinical chronic obstructive pulmonary disease questionnaire onto generic prefer-

ence-based EQ-5D values. Value in Health 2015; 18(2): 299-307
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ABSTRACT

Objective

To develop a model to predict EuroQol five-dimensional questionnaire (EQ-5D) values from 

clinical chronic obstructive pulmonary disease (COPD) questionnaire (CCQ) scores.

Methods

We used data from three clinical trials (the Randomized Clinical Trial on Effectiveness of Inte-

grated COPD Management in Primary Care [RECODE], the Assessment Of Going Home Under 

Early Assisted Discharge [GO-AHEAD], and the Health Status Guided COPD Care [MARCH]). 

Data were randomly split into an estimation sample and a validation sample. The conceptual 

similarity between patient-reported CCQ and preference-based EQ-5D scores was assessed 

using correlation and principal-component analysis. Different types of models were estimated 

with increasing complexity. We selected the final models on the basis of mean absolute error 

and root mean square error when comparing predicted and observed values from the same 

population (internal validity) and from different trial populations (external validity). We also 

developed models for different country-specific EQ-5D value sets.

Results

The principal-component analysis showed that the CCQ domains functional state and mental 

state are associated with four dimensions of the EQ-5D. The EQ-5D dimension pain/discomfort 

formed a separate construct on which no CCQ item loaded. The mean observed EQ-5D values 

were not significantly different from the mean predicted EQ-5D values in internal validation 

samples but did significantly differ in external validation samples. The models underestimated 

EQ-5D values in milder health states and overestimated them in more severe health states. The 

predictive ability of the models was similar across different EQ-5D value sets.

Conclusions

The models can predict mean EQ-5D values that are similar to observed mean values in a sim-

ilar population. The overestimating/underestimating of the low/high EQ-5D values, however, 

limits its use in Markov models. Therefore, mapping should be used cautiously.
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INTRODUCTION

Studies assessing the effectiveness of new chronic obstructive pulmonary disease (COPD) treat-

ments commonly use disease-specific health-related quality of life (HR-QoL) instruments such 

as the St. George’s Respiratory Questionnaire (SGRQ)1 and the clinical COPD questionnaire 

(CCQ).2 However, preference-based HR-QoL measures such as the EQ-5D3 are often not in-

cluded in those studies. Nevertheless, data from such studies frequently form the basis of post-

hoc cost-utility analyses that aim to estimate the incremental costs per Quality Adjusted Life 

Year (QALY) gained. To enable the calculation of QALYs in the absence of directly collected 

EQ-5D data, the SGRQ or CCQ scores from these studies need to be converted to utilities. This 

can be done with a model or algorithm that maps disease-specific HR-QoL data to EQ-5D data. 

This solution has also been recommended by the National Institute for Health and Care Excel-

lence 4 and is seen as a better approach than judgements of experts.5 Prior to July 2013, ninety 

studies estimated 121 mapping models and reported algorithms to allow other researchers to 

use them to predict EQ-5D values.6

A model to map SGRQ scores onto EQ-5D values has been published.7 However, a model to 

predict EQ-5D values from CCQ data has not been developed. It is relevant to do so because 

the CCQ is increasingly used, not only because it is brief and takes little time to complete 8, but 

also because the 2013 revision of the Global Initiative for Chronic Obstructive Lung Disease 

(GOLD) guidelines recommend the CCQ as one of the options to define symptom level, i.e. one 

of the 3 components of the COPD classification.9 This study aims to develop a model to predict 

EQ-5D values from CCQ scores obtained in clinical trials.

METHODS

Instruments

CCQ. The CCQ is an instrument to measure HR-QoL in COPD patients on 3 domains (symp-

toms, functional state and mental state). The symptom and functional domain contain 4 items 

each and the mental domain contains 2 items. Patients have to respond to each item on a 

seven-point scale resulting in over 282 million possible health states. Response options on CCQ 

items 1-6 are: never / hardly ever / a few times / several times / many times / a great many 

times / almost all the time. Response options on CCQ items 7-10 are: not limited at all / very 

slightly limited / slightly limited / moderate limited / very limited / extremely limited / totally 

limited or unable to do. The total CCQ score and the scores of the domains are calculated by 

adding up the item scores and dividing this sum by the number of items, where 0 is the best 

and 6 is the worst score. 2 

EQ-5D. The EQ-5D is a generic HR-QoL questionnaire. It consists of 5 dimensions to describe 

the current health states of patients: mobility, self-care, usual activity, pain/discomfort, anxi-

ety/depression. Each dimension is measured with 1 item and respondents have to respond to 

each item on a three-point scale (no, some or extreme problems). This results in 243 potential 

health states. EQ-5D values are calculated by combining the responses on each dimension with 
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off-the-shelf preference-based weights (i.e. a value set). In the base case, we used the Dutch 

EQ-5D value set to calculate the EQ-5D values of the COPD patients. These EQ-5D values can 

range from -0.329 to 1, where 0 indicates a health state equivalent to dead and 1 indicates full 

health.3, 10 In the sensitivity analyses we used UK and US EQ-5D value sets.

Setting and participants

To include a broad range of patients with different severity levels of COPD, we combined 

the data from three trials: the RECODE trial, a 2-year, cluster-randomized controlled trial with 

1086 patients recruited from general practice11; the GO-AHEAD trial, a 3-month, multi-centre, 

randomized trial, with 166 patients hospitalized for a COPD exacerbation12; and the MARCH 

trial, a 6 months, randomized controlled trial with 53 patients recruited from general practice.13 

Patients completed both the CCQ and the EQ-5D at 2 (MARCH), 3 (GO-AHEAD) and 6 (RE-

CODE) time points. 

Conceptual similarity

Mapping would only be able to appropriately predict EQ-5D values from the CCQ if there are 

no major conceptual differences between the CCQ and EQ-5D. 14 Therefore, we first investi-

gated the conceptual (dis)similarities between the EQ-5D dimensions and CCQ items using  

Spearman rank correlations and principal component analysis (PCA). PCA explores which ques-

tions included in the two instruments are related to each other and generate information on the 

same underlying construct. The CCQ questionnaire may include items related to domains that 

are not included in the EQ-5D and hence will not be reflected in changes in the patient’s EQ-5D 

value, and vice versa. In the explorative PCA all constructs with an eigenvalue >1 were select-

ed 15 while in the confirmatory PCA the number of constructs was set to five, to investigate 

whether these five constructs would mirror the five dimensions of the EQ-5D. Eigenvalues of a 

construct represent the relative share of variance accounted for by the construct. The individual 

items have meaningful loadings on a construct if their absolute value exceeds 0.40. After ex-

tracting the initial constructs, varimax rotation was used to improve the differentiation and the 

interpretability of the results. 16

Model development 

The dataset was randomly split (50%-50%) into a sample that was used to estimate the model 

and a sample that was used to validate the estimated model. Thereafter, different types of 

models were estimated with increasing complexity. We started with simple models that predict-

ed EQ-5D value from the total CCQ score and the CCQ domain scores. We also investigated 

models that included individual items of the CCQ, either as categorical variables or as dummy 

variables for the seven possible response options of each CCQ item. We further tested whether 

the model improved when including polynomial terms, patient characteristics (age, Charlson 

co-morbidity index17 and sex), and when the seven-point response scale of the CCQ was col-
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lapsed into a three-point scale by combining the response options 1 and 2, 3 and 4, and 5, 6, 

and 7. 

These models were estimated using ordinary least squares (OLS) with backward selection pro-

cedures. Variables with a P-value>0.10 were removed. To correct for multiple testing, Bon-

ferroni corrections were applied to the models with dummy variables for the seven possible 

response options of each CCQ item. 

Because OLS regression ignores censoring in the EQ-5D values, we investigated whether Tobit 

and generalized linear models (GLM) performed better than OLS models. 18 The distribution 

and link function of these models were selected after comparing the goodness-of-fit of models 

with different specifications of the distribution and link functions (i.e. normal, inverse gauss-

ian, gamma, poisson distributions in combination with log and identity link). Models that had 

the lowest Akaike’s information criterion (AIC) and Bayesian information criterion (BIC) were 

selected. 19

To analyse the effect of using repeated measurements of the same patients as independent 

observations, we estimated a model based on (I) the baseline data of the RECODE trial and (II) 

data from all measurements in the RECODE trial. Additionally, we estimated models based on 

(III) data from the GO-AHEAD trial only (because the patients in that trial are more severely ill) 

and (IV) data from the combined RECODE, GO-AHEAD and MARCH trials. 

Model validation 

We validated the models that were developed for each dataset (i.e. dataset I to IV as mentioned 

above). Firstly, the models were used to predict the EQ-5D values of the patients in the valida-

tion sample (internal validation). In addition, the models that were developed using data from 

one trial were used to predict EQ-5D values in the other trials (external validation). Predicted 

EQ-5D values were compared to the observed EQ-5D values. The mean absolute error (MAE) 

was reported for the overall range of observed EQ-5D values and for observed EQ-5D values 

in a specific range, i.e. EQ-5D<0.25, 0.25≤EQ-5D<0.50, 0.50≤EQ-5D<0.75, 0.75≤EQ-5D≤1. 

We also calculated the root mean square error (RMSE) which attaches greater weight to larger 

errors. A scatter plot of observed and predicted values in the validation sample was provided 

and we tested whether the mean predicted EQ-5D value significantly differed from the mean 

observed EQ-5D value. We selected the final models based on the MAE and RMSE when 

comparing the predicted and observed EQ-5D values from the same trial population (internal 

validity) and from different trial populations (external validity). This was done for models in 

which EQ-5D values were based on the Dutch value set and, in sensitivity analyses, for models 

in which EQ-5D values were based on the US value set and UK value set. 

Finally, we assessed the precision of the predicted mean EQ-5D value by applying a bootstrap 

procedure: (I) we randomly sampled patients, with replacement, to create a group of size 10, 

25, 50, 100, 250 and 500; (II) we computed the mean predicted EQ-5D value and the mean 

predicted error for each of the six group sizes; (III) we repeated step (1) and (2) 1000 times to 

generate a distribution of the group predicted error for each of the six group sizes.
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RESULTS

Descriptive statistics

The patient characteristics are presented in Table 1. Observations with missing data on the total 

EQ-5D and/or CCQ score were excluded, resulting in a study population containing 5751 ob-

servations. The patients were mainly elderly (68 years), included slightly more men (55%), and 

had moderate airflow obstruction. Mean (standard deviation (SD)) CCQ score was 1.66 (1.04) 

and mean EQ-5D value was 0.75 (0.25) whereas the mean EQ-5D value for a representative 

sample of the Dutch population has been estimated at 0.89.20 The distribution of EQ-5D val-

ues was left-skewed: 25% of the observations were at 1 (full health), 25% were between 0.8 

and 1, 25% were between 0.7 and 0.8 and 25% between -0.3 and 0.7. The CCQ scores also 

showed skewness towards the severe end of the scale: one percent of the CCQ scores were 

at 0 (full health), 50% of the observations were between 0 and 1.5, 25% between 1.5 and 

2.3, and 25% were between 2.3 and 6. Decreased HR-QoL was mainly due to the CCQ items 

2, 5, 6 and 7 (Table 1 gives a description of these items) and more than 50% of the patients 

reported some or extreme problems in the EQ-5D dimensions mobility and pain/discomfort. 

The Charlson co-morbidity index, a weighted sum score of the comorbid conditions of a pa-

tient, was lower (i.e. better) in patients in the GO-AHEAD trial than in patients in the MARCH 

trial.21 Despite this, the rank order from best to worst mean HR-QoL in the trials was: MARCH, 

RECODE, GO-AHEAD.
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Table 1. Patient characteristics at baseline and the average EQ-5D and CCQ scores of all the time points in the different 

databases  

Total data RECODE GO-AHEAD MARCH

Patients 1303 1084 166 53

Observations (number) 5751 5268 382 101

Age, years 68 (11) 68 (11) 68 (11) 64 (11)

Men, % 55.0 54.0 61.0 58.5

FEV1, % predicted 65.7 67.8 48.3 75.4

FEV1 ≥50% predicted 76.2 77.7 41.3 94.3

FEV1 <50% predicted 23.8 22.3 58.8 5.7

Charlson co-morbidity index 2.27 (1.29) 2.34 (1.26) 1.75 (1.09) 2.56 (1.83)

EQ-5D 0.75 (0.25) 0.75 (0.25) 0.67 (0.25) 0.88 (0.13)

      Mobility 

      (no/some/extreme problems),%

48.7/ 50.8/ 0.5 49.7/ 49.9/ 0.5 30.69/ 67.5/ 1.8 67.3/32.7/0

      Self-care 

      (no/some/extreme problems),%

79.0/ 19.1/ 1.9 80.9/ 17.5/ 1.6 48.2/ 45.0/ 6.8 96.0/4.0/0

      Usual activities 

      (no/some/extreme problems),%

58.3/ 37.5/ 4.2 60.7/ 35.8 /3.5 23.6/ 61.3/15.2 65.3/34.7/0

 Pain/discomfort 

      (no/some/extreme problems),%

47.5/ 41.4/ 11.1 46.3/ 41.9/ 11.8 57.9/ 37.7/ 4.5 71.3/27.7/ 

1.0

   Depression/anxiety 

  (no/some/extreme problems),%

77.0/ 20.6/ 2.4 78.1/ 19.6/ 2.3 60.7/ 34.6/4.7 82.2/17.8/0

CCQ1 1.66 (1.04) 1.61 (1.00) 2.51 (1.17) 1.10 (0.78)

 Symptoms 2.13 (1.18) 2.12 (1.18) 2.44 (1.16) 1.68 (1.06)

 Functional state 1.69 (1.37) 1.60 (1.30) 3.07 (1.58) 0.92 (0.94)

 Mental state 0.65 (1.04) 0.59 (0.99) 1.52 (1.39) 0.29 (0.60)

 CCQ-1 Short of breath at rest 1.18 (1.31) 1.16 (1.30) 1.68 (1.37) 0.64 (0.84)

  CCQ-2 Short of breath doing 

physical activities

2.76 (1.73) 2.72 (1.71) 3.54 (1.70) 2.15 (1.62)

    CCQ-3 Concerned about getting 

a cold or your breathing getting 

worse

0.59 (1.11) 0.53 (1.05) 1.52 (1.55) 0.18 (0.46)

  CCQ-4 Depressed (down) 

because of your breathing prob-

lems

0.71 (1.19) 0.66 (1.14) 1.51 (1.56) 0.41 (0.82)

      CCQ-5 Cough 2.47 (1.58) 2.47 (1.59) 2.54 (1.45) 2.14 (1.72)

      CCQ-6 Produce phlegm 2.11 (1.76) 2.12 (1.76) 2.00 (1.64) 1.78 (1.78)
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Total data RECODE GO-AHEAD MARCH

      CCQ-7 Strenuous physical 

  activities

2.82 (1.85) 2.75 (1.82) 4.04 (1.89) 1.92 (1.57)

 CCQ-8 Moderate psychical

 activities

1.87 (1.63) 1.78 (1.57) 3.22 (1.84) 1.02 (1.30)

      CCQ-9 Daily activities at home 1.16 (1.48) 1.05 (1.36) 2.92 (1.94) 0.37 (0.86)

      CCQ-10 Social activities 0.91 (1.32) 0.83 (1.24) 2.14 (1.72) 0.39 (0.91)

Values are means (S.D.) unless indicated otherwise, FEV1 = Forced expiratory volume in 1 second; a pulmonary function 

measurement to indicate the severity of airflow obstruction, CCQ= Clinical COPD Questionnaire, 1 Response options on 

CCQ items 1-6 are: never (0) / hardly ever (1) / a few times (2) / several times (3) / many times (4) / a great many times 

(5) / almost all the time (6). Response options on CCQ items 7-10 are: not limited at all (0) / very slightly limited (1) / 

slightly limited (2) / moderate limited (3) / very limited (4) / extremely limited (5) / totally limited or unable to do (6)

Correlation between CCQ and EQ-5D

The correlation matrix between the two instruments is shown in Appendix 1. The correlation 

between the total CCQ scores and the EQ-5D values was moderate (-0.514). The correlations 

were negative because a better score is indicated by a higher value on the EQ-5D and a lower 

value on the CCQ. Correlations between the EQ-5D dimensions and the CCQ total score was 

mostly lower. Weak correlation (<0.3) was found between the total CCQ score and the EQ-5D 

dimension pain/discomfort. The highest correlation (0.583) was found between the total CCQ 

score and the EQ-5D dimension usual activity. The lowest correlations (<0.2) were those be-

tween any of the EQ-5D dimensions and the CCQ items 5 and 6 related to cough and phlegm 

production.

The exploratory PCA showed that 4 constructs had an eigenvalue >1 and explained 69% of 

the total variance (Appendix 2). CCQ items 1, 2, 7, 8, 9, 10, which all related to being active 

and the impact of being active on breathlessness, and the EQ-5D dimensions mobility, self-care 

and usual activities all loaded onto the same construct. CCQ items 3 and 4 related to being 

concerned and depressed loaded on the same construct as the EQ-5D dimension depression/

anxiety. CCQ items 5 and 6 related to cough and phlegm production formed a distinct con-

struct, unrelated to any of the EQ-5D items. Likewise, the EQ-5D dimensions pain/discomfort 

and mobility formed a construct on which none of the CCQ items loaded. Hence, the EQ-5D 

dimension mobility had a loading > 0.4 on two constructs. The two constructs containing both 

CCQ and EQ-5D items explained a total variance of 48%.

The confirmatory PCA in which the number of components was fixed at 5 is presented in 

Appendix 3. Construct 1 of the exploratory PCA was split into two constructs: one construct 

with CCQ items 1, 2, 7, 8, 9 and 10 and one construct with CCQ items 7, 8, 9, 10 and EQ-5D 

dimensions mobility, self-care and usual activities. 
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Models with the Dutch EQ-5D value set

The simplest equation for predicting EQ-5D values using the Dutch value set is the 10-parame-

ter model A in Table 2. This model, which was based on the GO-AHEAD dataset, had the lowest 

MAE and RMSE when comparing the predicted and observed EQ-5D values from the same 

population and from different trial populations, especially when the observed EQ-5D values 

were below 0.5 (Appendix 4). Therefore, this model was chosen as the best model. Model A 

was able to predict a mean EQ-5D value that was not significantly different from the observed 

mean EQ-5D value in the validation dataset (Table 3). In the external validation, the model was 

able to predict a mean EQ-5D value that did not significantly differ from the mean observed 

EQ-5D value in the MARCH dataset but the model was unable to predict an accurate mean 

EQ-5D value in the RECODE dataset (Table 4). Model A is a classical OLS regression model be-

cause that model outperformed the GLM models with different distributions and link functions. 

Furthermore, performing a Tobit model instead of an OLS model increased the MAE (0.152 vs. 

0.161) and the RMSE (0.198 vs. 0.214).
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Table 2.  Mapping algorithm (i.e. regression coefficients) of the recommended models 

Model A (Dutch value set) Model B (Dutch value set)

Variable B SE P Variable β SE P

Intercept .24995 .06295 .0001 Intercept .28244 .06506 <.0001

Response 0 or 1 

on CCQ-1 .13716 .06105 .0259

Response 0 or 

1 on CCQ-1

.16570 .06267 .0089

Response 2 or 3 

on CCQ-1 .13146 .05734 .0230

Response 2 or 

3 on CCQ-1

.14444 .05742 .0128

Response 0 or 1 

on CCQ-4 .14506 .05049 .0046

Response 0 or 

1 on CCQ-4

.13021 .05083 .0113

Response 2 or 3 

on CCQ-4 .09468 .05243 .0726

Response 2 or 

3 on CCQ-4

.08218 .05255 .1196

Response 0 or 1 

on CCQ-8 .14845 .05814 .0115

Response 0 or 

1 on CCQ-8

.12698 .05897 .0327

Response 2 or 3 

on CCQ-8 .06910 .03915 .0793

Response 2 or 

3 on CCQ-8

.05938 .03927 .1323

Response 0 or 1 

on CCQ-9 .18815 .04875 .0002

Response 0 or 

1 on CCQ-9

.18981 .04844 .0001

Response 2 or 3 

on CCQ-9 .14164 .03762 .0002

Response 2 or 

3on CCQ-9

.14809 .03755 .0001

Male .06658 .03028 .0292 Male .08202 .03127 .0095

Charlson 

co-morbidity 

index

-.02427 .01340 .0717

Model C (US value set) Model D (UK value set)

Variable β SE P Variable β SE P

Intercept .94682 .03204 <.0001 Intercept .95497 .04719 <.0001

CCQ symptoms2 -.00683 .00213 .0016

CCQ symp-

toms2 -.01041 .00314 .0011

CCQ functional -.06249 .00970 <.0001

CCQ func-

tional -.09133 .01428 <.0001

CCQ mental2 -.01529 .00684 .0265 CCQ mental2 -.02242 .01007 .0272

CCQ mental3 .00293 .00150 .0526 CCQ mental3 .00449 .00221 .0437

Male .05102 .02276 .0262 Male .07866 .03352 .0200

CCQ symptoms2 = CCQ symptoms * CCQ symptoms, CCQ mental2 =  CCQ mental * CCQ mental, CCQ mental3=  

CCQ mental * CCQ mental * CCQ mental
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Table 3. Internal validity of the recommended models based on the GO-AHEAD database  using different EQ-5D value 

sets.

EQ5D value set Dutch Model A Dutch Model B US Model C UK Model D

Ob-

served

Pre-

dicted

Ob-

served

Pre-

dicted

Ob-

served

Pre-

dicted

Observed Predicted

Mean EQ-5D .6625 .6843 .6625 .6901 .6993 .7134 .6002 .6161

MAE .1520 .1471 .1211 .1766

RMSE .1983 .1963 .1552 .2289

Mean if observed 

EQ-5D < 0.25

.1562 .5181 .1562 .5238 .2190 .5184 .0912 .4224

Mean if 0.25 ≤ 

observed EQ-5D 

< 0.5

.3513 .5618 .3513 .5567 .3849 .5964 .3101 .5135

Mean if 0.50 ≤ 

observed EQ-5D 

< 0.75

.6624 .6530 .6624 .6623 .6364 .6439 .6530 .5939

Mean if 0.75 ≤ ob-

served EQ-5D ≤ 1

.8566 .7753 .8566 .7821 .8425 .7914 .8841 .7875

MAE if observed 

EQ-5D < 0.25

.3618 .3676 .2994 .3311

MAE if 0.25 ≤ 

observed EQ-5D 

< 0.5

.2113 .2068 .2157 .2283

MAE if 0.50 ≤ 

observed EQ-5D 

< 0.75

.1254 .1215 .0968 .1387

MAE if 0.75 ≤ 

observed EQ-5D 

≤ 1

.1105 .1027 .0993 .1429

* Significant (P<0.05), ** Significant (P<0.01), MAE= Mean Absolute Error, RMSE=Root Mean Square Error
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Table 4. External validity of the recommended models based on the GO-AHEAD database using different EQ-5D value 

sets.

EQ5D value set Dutch Model A Dutch Model B US Model C UK  Model D

Dataset Ob-

served

Predict-

ed

Ob-

served

Pre-

dicted

Ob-

served

Pre-

dicted

Ob-

served

Predict-

ed

RECODE mean EQ-5D .7553 .8088 

**

.7570 .7907 

**

.7838 .8259 

**

.7085 .7788 

**

MAE .1509 .1484 .1224 .1787

RMSE .2235 .2161 .1720 .2592

MARCH mean EQ-5D .8830 .8639 .8807 .8389 

**

.8904 .8883 .8703 .8627

MAE .0933 .0979 .0749 .1010

RMSE .1107 .1179 .0908 .1276

* Significant (P<0.05), ** Significant (P<0.01),  MAE= Mean Absolute Error, RMSE=Root Mean Square Error
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Figure 1. Scatter plots of the observed and predicted EQ-5D in Model A based on the GO-AHEAD development data in 

(I) GO-AHEAD validation dataset (II) RECODE dataset (III) MARCH dataset
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Figure 2. Group mean prediction errors, by group size (10, 25, 50, 100, 250, 500) and group mean predicted EQ-5D 

value

Scatter plots of the predicted and observed values for model A are shown in Figure 1. The 

scatter plots reveal that the mapping did not produce accurate predictions of the EQ-5D value 

on an individual level, especially not for the more severe health states (observed EQ-5D values 

<0.5).

Figure 2 shows the results of the bootstrap procedure based on model A. From these graphs we 

can define the range of certainty of the group mean predicted error by group size: with group 

size of 10, errors range from +0.3 to -0.2, when group size is 500, errors range from +0.1 to 0. 

The group mean prediction error decreased when the group mean predicted EQ-5D increased.
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We extended model A with the Charlson co-morbidity index to build model B which improved 

the model and reduced the MAE and RMSE slightly (Table 3). We recommend this model when 

the Charlson co-morbidity index is available. The performance of the other estimated OLS 

models using the Dutch value set is shown in Appendix 4 and 5. We investigated the impact 

of treating repeated measurements from the RECODE dataset as independent observations by 

comparing a model that was based on the entire dataset with a model that was based on the 

baseline measurement only. We found that the model based on the entire dataset had better 

predicted performance (i.e. lower MAE and RMSE) than the model based on the dataset in-

cluding only the baseline measurements of RECODE. Merging the three different datasets only 

slightly decreased the MAE from 0.153 (RECODE) to 0.152 (full dataset). The RMSE was the 

lowest (0.198) when the model was based on the GO-AHEAD trial.

 

Sensitivity analyses with US and UK EQ-5D value sets

When using US and UK value sets, the models based on the GO-AHEAD dataset had the lowest 

RMSE and the lowest MAE for patients with an observed EQ-5D value below 0.5. Although 

the MAE of the models based on GO-AHEAD dataset were somewhat higher than for the 

other models in case of milder impaired health states, only the GO-AHEAD models predicted a 

mean EQ-5D value that was not significant different from the observed mean in the MARCH 

trial. Therefore, the recommended 6 parameter model for the US value set (model C) and the 

recommended 6 parameter model for the UK value set (model D) are based on the GO-AHEAD 

dataset. The predicted performances of these models are shown in Table 3 and 4 and the al-

gorithm can be found in Table 2. The predictive ability of the model based on the US value set 

(MAE 0.121; RMSE 0.155) was slightly better in comparison with the model based on the UK 

value set (MAE 0.177; RMSE 0.229) and the models based on the Dutch value set (MAE 0.147 

and 0.152; RMSE 0.196 and 0.198). The scatter plots of Model C and D look quite similar to 

the scatterplot of Model A. These plots reveal that we were not able to produce accurate pre-

dictions on the individual level. The mapping models underestimated the EQ-5D scores for the 

mild health states, while they overestimated those for the more severe health states. Appendix 

6 shows the results of the other estimated models for predicting EQ-5D values based on US 

and UK value set. 
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DISCUSSION

This study aimed to develop a model that predicts EQ-5D values from CCQ scores, which 

can be used in the absence of directly collected EQ-5D data. The recommended models were 

estimated from the GO-AHEAD dataset because it had the lowest MAE and RMSE, especially 

for EQ-5D values below 0.5. The main reason is that the GO-AHEAD dataset had the widest 

variation in EQ-5D values and the highest proportion of severe health states. On a group level, 

the models predicted mean EQ-5D values that were similar to the mean observed EQ-5D val-

ues in the same population (internal validity) and the errors as percentage of the EQ-5D range 

were lower than the typically found percentage of error of the EQ-5D range up to 15%. 22 

However, the predictive ability of the models varied with the severity of HR-QoL impairment. 

The mapping models underestimated the EQ-5D values for the mild health states, while they 

overestimated those for the more severe health states. This “misfit” is a general problem with 

mapping studies because of regression to the mean.22, 23 The over- and under estimation may 

cancel out when predicting the overall mean EQ-5D value. However, the underestimation for 

patients with good health states is less than the overestimation for patients with more severe 

health states.22 This combination of findings may indicate reduced room for improvement in 

severe health states. In the typical Markov models of COPD, COPD patients are divided into 

different disease severity states with different EQ-5D values. When using the mapping models 

to predict EQ-5D values for these states, these predictions are likely to be biased and the over-

estimation of the low values and underestimation of the high values would probably no longer 

cancel each other out.

An important cause of the problematic map of the CCQ scores onto EQ-5D values is the con-

ceptual difference between the two instruments. The correlation between the CCQ and the 

EQ-5D was moderate (-0.514) and PCA suggest that there are differences in the underlying 

constructs of the CCQ and EQ-5D. The EQ-5D dimension pain/discomfort formed a separate 

construct on which none of the CCQ items loaded. As this dimension is an important driver of 

a reduced EQ-5D value in this population, this is an important limitation. Furthermore, CCQ 

symptom items 5 and 6 related to cough and phlegm production formed a distinct construct, 

unrelated to any of the EQ-5D items.

If we compare our mapping model, with the mapping model of the SGRQ7, another frequently 

used disease-specific HR-QoL instrument in COPD, the overall predictive ability is comparable. 

The MAE and RMSE of the model that predicts EQ-5D values (US value set) from SGRQ scores 

were 0.124 and 0.172, respectively,7 and the MAE and RMSE of our model that predicts EQ-5D 

values (US value set) from CCQ scores were 0.121 and 0.155, respectively. Unfortunately, we 

cannot compare the misfit (i.e under- and overestimation of the EQ-5D values) of the model 

with the SGRQ because a scatter plot of the predicted and observed EQ-5D values is not pre-

sented in the SGRQ mapping study.  

This is the first mapping study which developed models for EQ-5D value sets of different coun-

tries. Because the model coefficients differ between countries, future mapping studies are rec-
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ommended to account for different value sets of the EQ-5D. Apart from the fact that we inves-

tigated a wide range of different models with increasing complexity for different EQ-5D value 

sets, the strength of our study lies in the large number of observations compared to previous 

mapping studies.6 Using repeated EQ-5D measurements of the same patients as unique obser-

vations, as previous mapping studies also did, increased the predictive ability of the model. The 

bootstrap procedure showed to which extend the accuracy of the mapping increases when they 

are estimated in a larger sample size. These results are consistent with the study from Groo-

tendorst and colleagues.24 However, the fact that the model estimated from the GO-AHEAD 

trial performed best, demonstrates that not only the size of the dataset matters but also the 

variation in EQ-5D values as we mentioned earlier. A wide range of disease severity is a premise 

for undertaking mapping.22 

A limitation of this study is that the numbers of patients with an EQ-5D value below<0.5 were 

relatively small and 25% of the observations were at full health. The final models were based on 

OLS regression as GLM and Tobit models did not improve the prediction. Some studies suggest 

that the prediction performance of mapping models may be improved by using more complex 

models such as the censored least absolute deviation model.22 However, their use in previous 

mapping studies was limited (80% of the mapping studies used OLS models6) and showed 

conflicting results on improvement of predictive ability.22, 25, 26 Recently, latent class analysis 

showed some promising improvements in the predictive ability of mapping models.27 For future 

studies it would be worthwhile to investigate if these new modelling approach will actually lead 

to better predictability in COPD patients.  

CONCLUSION

On a group level, the CCQ mapping models can predict mean EQ-5D values that are similar 

to the observed mean values, if the patient population is similar to the population in which the 

algorithm was developed. However, the overestimating of the low observed EQ-5D values and 

underestimation of the high observed values limits its use in cost-effectiveness Markov models 

where utility estimates by disease severity state are required. Therefore, the use of mapping 

algorithms should be used cautiously. 
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Appendix 1. Correlation matrix between the CCQ and the EQ-5D of the full dataset

Item Description EQ-5D Mobility Self-care Usual 

activities

Pain/

Discom-

fort

Depression/

Anxiety

CCQ -0.514 .473 .499 .583 .293 .326

Symptoms CCQ-1. CCQ-2. 

CCQ-5. CCQ-6

-0.339 .313 .316 .390 .221 .217

Functional state CCQ-7. CCQ-8. 

CCQ-9. CCQ-10

-0.530 .530 .547 .620 .292 .283

Mental state CCQ-3. CCQ-4 -0.418 .278 .335 .418 .181 .457

CCQ-1 Short of breath 

at rest

-.375 .314 .315 .409 .214 .228

CCQ-2 Short of breath 

doing physical 

activities

-.435 .409 .401 .491 .229 .205

CCQ-3 Concerned about 

getting a cold or 

your breathing 

getting worse

-.337 .225 .286 .363 .140 .361

CCQ-4 Depressed (down) 

because of your 

breathing problems

-.414 .265 .327 .397 .179 .468

CCQ-5 Cough -.178 .116 .130 .159 .125 .116

CCQ-6 Produce phlegm -.137 .105 .096 .122 .092 .095

CCQ-7 Strenuous physical 

activities

-.487 .461 .449 .523 .262 .222

CCQ-8 Moderate psychical 

activities

-.531 .525 .481 .591 .270 .260

CCQ-9 Daily activities at 

home

-.519 .465 .608 .580 .248 .264

CCQ-10 Social activities -.445 .379 .455 .506 .220 .283

CCQ= Clinical COPD Questionnaire
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Appendix 2. Overview of the items associated with the four constructs derived from the exploratory principal component 

analysis of the full dataset

Item Description Factor loading Eigenvalue

Construct 1

CCQ-1 Short of breath at rest 0.60 4.970      

CCQ-2 Short of breath doing physical activities 0.77

CCQ-7 Strenuous physical activities 0.80

CCQ-8 Moderate psychical activities 0.86

CCQ-9 Daily activities at home 0.83

CCQ-10 Social activities 0.70

EQ-5D-1 Mobility 0.55

EQ-5D-2 Self-care 0.64

EQ-5D-3 Usual activities 0.66

Construct 2

CCQ-3 Concerned about getting a cold or your breathing 

getting worse

0.75 2.174      

CCQ-4 Depressed (down) because of your breathing 

problems

0.77

EQ-5D-5 Depression/Anxiety 0.77

Construct 3

CCQ-5 Cough 0.90 1.832       

CCQ-6 Produce phlegm 0.91

Construct 4

EQ-5D-1* Mobility 0.54 1.326

EQ-5D-4 Pain/Discomfort 0.83

* Item is more strongly associated with Construct 1, CCQ= Clinical COPD Questionnaire
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Appendix 3. Overview of the items associated with the five constructs derived from the confirmatory principal compo-

nent analysis of the full dataset

Item Description Factor loading Eigenvalue

Construct 1

CCQ-1 Short of breath at rest 0.72 3.175

CCQ-2 Short of breath doing physical activities 0.81

CCQ-7 Strenuous physical activities 0.71

CCQ-8 Moderate psychical activities 0.69

CCQ-9 Daily activities at home 0.52

CCQ-10 Social activities 0.50

Construct 2

CCQ-7* Strenuous physical activities 0.41 2.758

CCQ-8* Moderate psychical activities 0.52

CCQ-9* Daily activities at home 0.68

CCQ-10 Social activities 0.51

EQ-5D-1 Mobility 0.54

EQ-5D-2 Self-care 0.84

EQ-5D-3 Usual activities 0.66

Construct 3

CCQ-3 Concerned about getting a cold or your breathing getting worse 0.75 2.147      

CCQ-4 Depressed (down) because of your breathing problems 0.77

EQ-5D-5 Depression/Anxiety 0.77

Construct 4

CCQ-5 Cough 0.90 1.769 

CCQ-6 Produce phlegm 0.91

Construct 5

EQ-5D-1 Mobility 0.54 1.212

EQ-5D-4 Pain/Discomfort 0.83

* Item is more strongly associated with Construct 1, CCQ= Clinical COPD Questionnaire
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Appendix 4. Performance of the best OLS models based on the different databases (Dutch value set)

Estimation & validation dataset RECODE Baseline RECODE all 

measurements

GO-AHEAD Full dataset

Internal validity Ob-

served

Pre-

dicted

Ob-

served

Pre-

dicted

Ob-

served

Pre-

dicted

Ob-

served

Pre-

dicted

Mean EQ-5D .7472 .7333 .7581 .7552 .6625 .6843 .7537 .7525

MAE .1706 .1531 .1520 .1517

RMSE .2274 .2111 .1983 .2093

Mean if observed EQ-5D < 0.25 .1368 .5835 .1315 .5802 .1562 .5181 .1334 .5832

Mean if 0.25 ≤ observed EQ-5D < 0.5 .3311 .7434 .3396 .6861 .3513 .5618 .3414 .6668

Mean if 0.50 ≤ observed EQ-5D < 

0.75

.6809 .6183 .6674 .6618 .6624 .6530 .6669 .6598

Mean if 0.75 ≤ observed EQ-5D ≤ 1 .8833 .7803 .8937 .8051 .8566 .7753 .8927 .8059

MAE if observed EQ-5D < 0.25 .4467 .4491 .3618 .4516

MAE if 0.25 ≤ observed EQ-5D < 0.5 .4123 .3682 .2113 .3374

MAE if 0.50 ≤ observed EQ-5D < 0.75 .1329 .1109 .1254 .1122

MAE if 0.75 ≤ observed EQ-5D ≤ 1 .1210 .1081 .1105 .1074

External validity

Model estimated from RECODE Baseline RECODE all 

measurements

GO-AHEAD Full dataset

RECODE .7553 .8088 

**

.7581 .7621 

MAE .1509 .1520

RMSE .2235 .2113

GO-AHEAD .6734 .5119 

**

.6725 .5592 

**

.6600 .5996 

**

MAE .2188 .1902 .1611

RMSE .2585 .2426 .1994

MARCH .8830 .7728 

**

.8830 .8232 

**

.8830 .8639 .8656 .8198 

**

MAE .1306 .1013 .0933 .1044

RMSE .1518 .1189 .1107 .1204

* Significant (P<0.05), ** Significant (P<0.01), MAE= Mean Absolute Error, RMSE=Root Mean Square Error
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Appendix 5. Performance of the best OLS models based on the different databases, including demographics (e.g. age, 

gender, lung function, Charlson co-morbidity index in de the models

Estimation & validation dataset RECODE GO-AHEAD Full dataset

Internal validity Ob-

served

Pre-

dicted

Ob-

served

Pre-

dicted

Ob-

served

Predict-

ed

Mean EQ-5D .7614 .7592 .6625 .6901 .7561 .7560 

MAE .1476 .1471 .1465

RMSE .2044 .1963 .2027

Mean if observed EQ-5D < 0.25 .1304 .5583 .1562 .5238 .1325 .5632

Mean if 0.25 ≤ observed EQ-5D < 0.5 .3384 .6955 .3513 .5567 .3403 .6757

Mean if 0.50 ≤ observed EQ-5D < 0.75 .6674 .6647 .6624 .6623 .6666 .6659

Mean if 0.75 ≤ observed EQ-5D ≤ 1 .8933 .8103 .8566 .7821 .8922 .8098

MAE if observed EQ-5D < 0.25 .4294 .3676 .4317

MAE if 0.25 ≤ observed EQ-5D < 0.5 .3736 .2068 .3427

MAE if 0.50 ≤ observed EQ-5D < 0.75 .1088 .1215 .1071

MAE if 0.75 ≤ observed EQ-5D ≤ 1 .1049 .1027 .1048

External validity

Model estimated from RECODE GO-AHEAD Full dataset

RECODE .7570 .7907 

**

.7614 .7639 

MAE .1484 .1469

RMSE .2161 .2047

GO-AHEAD .6703 .6068 

**

.6573 .6387 

MAE .1690 .1493

RMSE .2204 .1916

MARCH .8732 .8079 

**

.8807 .8389 

**

.8570 .7986 

**

MAE .1062 .0979 .1137

RMSE .1222 .1179 .1280

* Significant (P<0.05), ** Significant (P<0.01), MAE= Mean Absolute Error, RMSE=Root Mean Square Error
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Appendix 6. Performance of the best OLS models based on the RECODE, GO-AHEAD and Full database using different 

EQ-5D value set

* Significant (P<0.05), ** Significant (P<0.01), MAE= Mean Absolute Error, RMSE=Root Mean Square Error

EQ5D US UK

Internal validity RECODE GO-AHEAD Full dataset RECODE GO-AHEAD Full dataset 

Observed Predicted Observed Predicted Observed Predicted Observed Predicted Observed Predicted Observed Predicted

Mean EQ-5D .7851 .7836 .6993 .7134 .7811 .7812 .7101 .7084 .6002 .6161 .7054 .7057 

MAE .1203 .1211 .1196 .1758 .1766 .1745

RMSE .1612 .1552 .1605 .2396 .2289 .2381

Mean if observed EQ-

5D < 0.25

.1634 .5594 .2190 .5184 .1685 .5687 .0703 .5469 .0912 .4224 .0724 .5428

Mean if 0.25 ≤ ob-

served EQ-5D < 0.5

.4022 .6962 .3849 .5964 .4008 .6910 .3029 .6305 .3101 .5135 .3041 .6124

Mean if 0.50 ≤ ob-

served EQ-5D < 0.75

.6624 .6786 .6364 .6439 .6595 .6779 .6655 .6482 .6530 .5939 .6644 .6451

Mean if 0.75 ≤ ob-

served EQ-5D ≤ 1

.8811 .8208 .8425 .7914 .8798 .8202 .9064 .7865 .8841 .7875 .9059 .7885

MAE if observed EQ-

5D < 0.25

.3960 .2994 .4003 .4831 .3311 .4753

MAE if 0.25 ≤ ob-

served EQ-5D < 0.5

.2991 .2157 .2928 .3532 .2283 .3179

MAE if 0.50 ≤ ob-

served EQ-5D < 0.75

.0941 .0968 .0928 .1075 .1387 .1100

MAE if 0.75 ≤ ob-

served EQ-5D ≤ 1

.0904 .0993 .0904 .1371 .1429 .1353

External validity

Model estimated from RECODE GO-AHEAD Full dataset RECODE GO-AHEAD Full dataset

RECODE .7838 .8259 ** .7851 .7890 .7085 .7788 ** .7101 .7166 

MAE .1224 .1198 .1787 .1747

RMSE .1720 .1615 .2592 .2402

GO-AHEAD .7104 .6242 ** .6992 .6548 ** .6138 .4820 ** .6001 .5295 **

MAE .1486 .1260 .2209 .1865

RMSE .1907 .1592 .2796 .2311

MARCH .8904 .8407 ** .8904 .8883 .8742 .8374 ** .8627 .7902 ** .8703 .8627 .8413 .7850 **

MAE .0887 .0749 .0884 .1212 .1010 .1222

RMSE .1033 .0908 .1036 .1425 .1276 .1436
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EQ5D US UK

Internal validity RECODE GO-AHEAD Full dataset RECODE GO-AHEAD Full dataset 

Observed Predicted Observed Predicted Observed Predicted Observed Predicted Observed Predicted Observed Predicted

Mean EQ-5D .7851 .7836 .6993 .7134 .7811 .7812 .7101 .7084 .6002 .6161 .7054 .7057 

MAE .1203 .1211 .1196 .1758 .1766 .1745

RMSE .1612 .1552 .1605 .2396 .2289 .2381

Mean if observed EQ-

5D < 0.25

.1634 .5594 .2190 .5184 .1685 .5687 .0703 .5469 .0912 .4224 .0724 .5428

Mean if 0.25 ≤ ob-

served EQ-5D < 0.5

.4022 .6962 .3849 .5964 .4008 .6910 .3029 .6305 .3101 .5135 .3041 .6124

Mean if 0.50 ≤ ob-

served EQ-5D < 0.75

.6624 .6786 .6364 .6439 .6595 .6779 .6655 .6482 .6530 .5939 .6644 .6451

Mean if 0.75 ≤ ob-

served EQ-5D ≤ 1

.8811 .8208 .8425 .7914 .8798 .8202 .9064 .7865 .8841 .7875 .9059 .7885

MAE if observed EQ-

5D < 0.25

.3960 .2994 .4003 .4831 .3311 .4753

MAE if 0.25 ≤ ob-

served EQ-5D < 0.5

.2991 .2157 .2928 .3532 .2283 .3179

MAE if 0.50 ≤ ob-

served EQ-5D < 0.75

.0941 .0968 .0928 .1075 .1387 .1100

MAE if 0.75 ≤ ob-

served EQ-5D ≤ 1

.0904 .0993 .0904 .1371 .1429 .1353

External validity

Model estimated from RECODE GO-AHEAD Full dataset RECODE GO-AHEAD Full dataset

RECODE .7838 .8259 ** .7851 .7890 .7085 .7788 ** .7101 .7166 

MAE .1224 .1198 .1787 .1747

RMSE .1720 .1615 .2592 .2402

GO-AHEAD .7104 .6242 ** .6992 .6548 ** .6138 .4820 ** .6001 .5295 **

MAE .1486 .1260 .2209 .1865

RMSE .1907 .1592 .2796 .2311

MARCH .8904 .8407 ** .8904 .8883 .8742 .8374 ** .8627 .7902 ** .8703 .8627 .8413 .7850 **

MAE .0887 .0749 .0884 .1212 .1010 .1222

RMSE .1033 .0908 .1036 .1425 .1276 .1436
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CHAPTER 8
IMPROVING INHALER ADHERENCE
IN PATIENTS WITH COPD: A COST-
EFFECTIVENESS ANALYSIS

Previously published as:

Van Boven JF, Tommelein E, Boussery K, Mehuys E, Vegter S, Brusselle GG, Rutten-van Mölken 

MP,   Postma MJ.

Improving inhaler adherence in patients with Chronic Obstructive Pulmonary Disease: a cost-

effectiveness analysis. Respiratory Research 2014; 15:66
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ABSTRACT

Background 

The PHARMACOP-intervention significantly improved medication adherence and inhalation 

technique for patients with COPD compared with usual care. This study aimed to evaluate its 

cost-effectiveness.

Methods

An economic analysis was performed from the Belgian healthcare payer’s perspective. A Markov 

model was constructed in which a representative group of patients with COPD (mean age of 

70 years, 66% male, 43% current smokers and mean Forced Expiratory Volume in 1 second of 

%predicted of 50), was followed for either receiving the 3-month PHARMACOP-intervention 

or usual care. Three types of costs were calculated: intervention costs, medication costs and 

exacerbation costs. Outcome measures included the number of hospital-treated exacerbations, 

cost per prevented hospital-treated exacerbation and cost per Quality Adjusted Life-Year. 

Follow-up was 1 year in the basecase analysis. Sensitivity and scenario analyses (including long-

term follow-up) were performed to assess uncertainty.

Results

In the basecase analysis, the average overall costs per patient for the PHARMACOP-intervention 

and usual care were €2,221 and €2,448, respectively within the 1-year time horizon. This reflects 

cost savings of €227 for the PHARMACOP-intervention. The PHARMACOP-intervention 

resulted in the prevention of 0.07 hospital-treated exacerbations per patient (0.177 for 

PHARMACOP  versus 0.244 for usual care). Results showed  robust cost-savings in various 

sensitivity analyses.

Conclusions

Optimization of current pharmacotherapy (e.g. close monitoring of inhalation technique and 

medication adherence) has been shown to be cost-saving and should be considered before 

adding new therapies.
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BACKGROUND

Chronic Obstructive Pulmonary Disease (COPD) involves a high burden on morbidity, mortality 

as well as  healthcare and societal costs.1,2 In Belgium, between 5.5% (population aged 55 years) 

and 9.5% (population aged 75 years) of the population is suffering from COPD.3 Although 

COPD is known by its progressive character, disease symptoms can be well managed through 

proper medications and optimal disease management. For this purpose, the Global Initiative for 

Chronic Obstructive Lung Disease (GOLD) guidelines recommend close monitoring of patients’ 

pharmacotherapy, including medication adherence and inhalation technique.4 Both adherence 

and inhalation techniques have been shown to be suboptimal in patients with COPD.5 Moreover, 

suboptimal adherence and inhalation mishandling are significantly associated with worsened 

clinical, humanistic and economic outcomes.6,7  

Several intervention programs have been developed to improve disease management, of 

which multidisciplinary collaborations to provide integrated care have been shown to be 

particularly effective.8 In recent years, community pharmacists are being increasingly involved 

in COPD management.5,9,10 Due to their periodical patient contacts upon prescription refills 

and their specific knowledge on the (inter)acting and administration of medication, community 

pharmacies offer a promising platform for optimization of medication adherence and inhalation 

techniques of patients with COPD. 

The 3-month PHARMACOP-intervention (PHARMAceutical Care for COPD, N=734), 

conducted in 170 community pharmacies in Belgium, improved significantly both medication 

adherence and patients’ inhalation technique.11 In addition, significantly lower hospitalization 

rates were observed in the intervention group as compared to the usual care group. In 

times of increasing healthcare costs and higher demands, economic analyses of healthcare 

interventions are becoming of increasing importance to achieve a fair allocation of scarce 

healthcare resources. Cost-effectiveness of several COPD disease management programs 

have been studied before.12,13 A recent meta-analysis showed that such programs can lead to 

significant savings in hospital costs and total healthcare costs.14 However, economic analyses 

of COPD programs primarily focusing on medication adherence and inhalation technique are 

limited and therefore recommended.15 This study aimed to assess the cost-effectiveness of the 

PHARMACOP community pharmacists’ COPD intervention program. 

METHODS

We performed a cost effectiveness analysis of the PHARMACOP-study.11 Details of the original 

randomized controlled trial and the methods related to the cost-effectiveness analysis are 

described in the following sub-sections.

PHARMACOP study

The PHARMACOP-study was a 3-month randomized controlled trial (N=734) carried out 

between December 2010 and July 2011 in 170 community pharmacies throughout Belgium. 
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Interventions focused on improving medication adherence and inhalation technique. Results 

showed that inhalation scores were significantly improved with 13.5% (95%CI: 10.8-16.1; 

P<0.0001). Medication adherence, as measured by the medication refill adherence (MRA)16, 

was significantly improved from 85.70% to 94.21% (difference: 8.51%, 95%CI: 4.63-12.4; 

P<0.0001). In the intervention group a significantly lower hospitalization rate was observed 

(9 vs 35; Rate ratio: 0.28, 95%CI: 0.12-0.64; P=0.003). No other significant differences were 

observed. A summary of the PHARMACOP-study is provided in additional file 1 and the 

complete description of the study protocol and its results can be found elsewhere.11

Cost effectiveness analysis

The cost-effectiveness analysis was performed according to the Belgian guidelines for 

pharmacoeconomic research. The PHARMACOP-trial followed patients for up to 3 months. 

However, as some costs and effects resulting from the intervention are expected to occur after 

this period, a Markov model was constructed to be able to capture long-term costs and effects 

of the PHARMACOP-intervention. Markov models have often been used in health economic 

evaluations of COPD interventions17,18 and are a recommended approach to increase external 

validity and to allow for long-term follow-up.19,20 Details of the model are described in the 

following part.

Study perspective 

The analysis was performed from a healthcare payer’s perspective, in line with the 

recommendations from the Belgian guidelines for pharmacoeconomic research.21 This means 

that the analysis included only direct healthcare costs, such as primary care, hospital care and 

medications; i.e. public payments as well as co-payments by the patient (in Belgium known as 

“remgeld”). No indirect costs (of productivity losses) were included.

Comparison

In the model (Figure 1), a hypothetical group of patients with COPD was followed either 

receiving the PHARMACOP-intervention or usual care. The model population, with a start age 

of 70 years, 66% male and 43% current smokers, was an accurate reflection of the population 

participating in the PHARMACOP-trial.11 Moreover, the community pharmacy population is 

considered representative for the COPD population in Belgium as all patients, disregarding 

insurance or disease severity, are refilling their prescriptions in community pharmacies.

Because the trial did not collect any measures related to patients’ spirometric functions we 

assumed a truncated (at 0 and 100%) normal distribution of Forced Expiratory Volume 

in 1 second (FEV1% predicted) with a mean of 50% and a standard deviation of 19.9 to 

obtain a severity distribution with 16% of patients in the very severe, 34% in severe, 43% in 

moderate and 7% in mild COPD state. This assumption was based on characteristics from the 

PHARMACOP study: Patients were included in the PHARMACOP study if they used at least 
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one type of long-acting drug, indicating a disease state worse than GOLD 1.4 In addition, 

mean COPD Assessment Test (CAT) score of patients in the PHARMACOP-trial was 16.5 (see 

additional file 1), indicating marked symptoms.4 The impact of this arbitrary mean percentage 

of FEV1% predicted was investigated in sensitivity analyses.

Model structure

A Markov model was constructed in Microsoft® Excel 2010. In line with the length of the 

PHARMACOP-trial, the cycle length of the model was 3 months. In the first 3 months, patients 

started in the ‘PHARMACOP phase’ in which trial effects were directly projected at the model 

population. For validation purposes, after running the first cycle, results were compared to the 

results of the PHARMACOP-trial (additional file 2). In the follow-up of the model (after the 

first cycle of three months), patients could move between five disease states: mild, moderate, 

severe, very severe and death (Figure 1) in line with the GOLD spirometric classifications.4  

Figure 1: Markov model to follow patients with COPD in time. ED: Emergency Department; FEV1% pred: percentage of 

the predicted Forced Expiratory Volume in 1 second
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Table 1: Input parameters used in the model

Parameter Value 95%CI Distribution Source

Exacerbation rate (in first 3 months)

Community treated 0.534 0.483-0.586 Normal 11

ED treated 0.050 0.028-0.072 Poisson 11

Hospital treated 0.096 0.063-0.129 Poisson 11

Intervention effects trial 

RR community treated exacerbation 0.903 0.737-1.106 LogNormal 11

RR ED treated exacerbation 0.815 0.411-1.618 LogNormal 11

RR hospital treated exacerbation 0.252 0.121-0.523 LogNormal 11

Medication adherence improvement 

(%)

8.51 4.62-12.40 Normal 11

Exacerbation rate (>3 months, per year)

Mild state - Community treated 0.61 0.34-1.10 LogNormal Derived

Mild state - ED treated 0.06 0.01-0.30 LogNormal Derived

Mild state - Hospital treated 0.11 0.02-0.56 LogNormal 22

Moderate state - Community treated 0.89 0.70-1.12 LogNormal Derived

Moderate state - ED treated 0.08 0.04-0.18 LogNormal Derived

Moderate state - Hospital treated 0.16 0.07-0.33 LogNormal 22

Severe state - Community treated 1.22 1.14-1.31 LogNormal Derived

Severe state - ED treated 0.11 0.11-0.12 LogNormal Derived

Severe state - Hospital treated 0.22 0.20-0.23 LogNormal 22

Very severe state - Community treated 1.55 1.11-2.17 LogNormal Derived

Very severe state - ED treated 0.14 0.07-0.30 LogNormal Derived

Very severe state - Hospital treated 0.28 0.14-0.63 LogNormal 22

Costs (€)

Intervention fixed 10,000 8,136-12,053 Gamma Estimate

Intervention per-patient per 3 months 50 29-77 Gamma Estimate

Medication (100% adherence) per year 1,022 790-1285 Logistic 23

Exacerbation community treated 106 60-163 Gamma 24

Exacerbation ED treated 712 407-1100 Gamma 24

Exacerbation hospital treated 5,617 5,557-5,677 Gamma 25

Utilities

Mild COPD state 0.897 0.8561-0.9319 Beta 26

Moderate COPD state 0.755 0.6921-0.8131 Beta 26

Severe COPD state 0.748 0.6761-0.8138 Beta 26

Very Severe COPD state 0.549 0.4325-0.6634 Beta 26

Exacerbation community treated -0.0166 0.0126-0.0212 Beta 27
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Parameter Value 95%CI Distribution Source

Exacerbation ED treated -0.0300 0.0244-0.0361 Beta Estimate

Exacerbation hospital treated -0.0482 0.0326-0.0666 Beta 27

CI: Confidence Interval; ED: Emergency Department; RR: Relative Risk

Model parameters

Model input and rationale are described in the following section and summarized in Table 1.

COPD disease progression

Transition between disease states was based on the annual decline in the mean FEV1% 

predicted. In each cycle, a basic decline in FEV1% predicted was modeled depending on age, 

gender and smoking status. The annual decline was based on a previously published regression 

model28 that was fitted to longitudinal data from the Lung Health Study.29 We assumed that the 

PHARMACOP-intervention did not affect decline in FEV1% predicted. The PHARMACOP-trial 

did not report any effects on mortality. Therefore, in order to obtain estimates of the size of the 

COPD cohort in time, Belgian age-depended COPD and all-cause mortality was modeled and 

no effects of the PHARMACOP-intervention were assumed.3 Mortality due to exacerbations 

was not modeled.

Exacerbations

During each cycle, patients had a chance of three different kinds of exacerbations to occur: 

those that were community-treated only, those that led to an Emergency Department (ED) 

visit and those that led to hospitalization. In the control group, exacerbation rates from the 

PHARMACOP control group were applied in the first three months (Table 1) and after three 

months exacerbation rates from a meta-analysis were applied.22 In the intervention group, these 

exacerbation rates were multiplied by the effects (relative risks; RR) from the PHARMACOP-

intervention on all three types of exacerbations (Table 1). In the basecase this effect lasted only 

for the first three months, in line with the follow-up of PHARMACOP. In sensitivity analyses, 

effects that lasted for 1, 5 and 12.5 years were also analyzed. In these long-term projections 

linear extrapolation of the intervention effects was applied.

Costs

All costs were expressed in 2013 euros. Three types of costs were calculated: intervention 

costs, medication costs and exacerbation costs. Intervention costs included a fixed initial fee 

for training of the pharmacists and written materials (estimated at €10,000) and a per-patient 

fee. The fixed intervention costs were divided by 363 patients to obtain the costs per patient. 

The per-patient fee was based on the average time investment for the two face-to-face 

counseling sessions (mean total time: 38 minutes, SD: 21 minutes) provided in the 3-months 

of the PHARMACOP-trial, multiplied by the pharmacist’s salary, resulting in an estimated per-
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patient fee of approximately €50 (including employers premiums) per 3 months. Medication 

costs in the usual care group and the intervention group were calculated as the yearly costs of 

medications used in the PHARMACOP-trial when all medication would be used as prescribed 

(=100% adherence), multiplied by the actual ‘usual care group‘ adherence (85.70%) or the 

‘intervention group’ adherence (94.21%), respectively. Exacerbation costs were calculated as 

the product of the number of exacerbations (community, ED or hospital-treated) and the price 

per unit (Table 1).  

Utilities

Each COPD disease state was assigned a preference-based health-related quality of life value 

(a utility).26 In addition, a percentage of utility decrement from baseline was modeled if an 

exacerbation occurred (Table 1). Notably, the PHARMACOP-intervention showed no significant 

effects on quality of life as measured by the EQ-5D, a result that might be related to the timing 

of the pre-scheduled pharmacy-visits for measurement of health status and the relatively short 

duration of exacerbations.20 Therefore, as an conservative approach, no direct effects on quality 

of life were applied in the intervention group and utility values were solely based on disease 

state and the occurrence of exacerbations. Consequently, Quality Adjusted Life Years (QALY) 

gains due to the PHARMACOP-intervention only result from a reduction in exacerbations.

Time horizon

The time horizon in the basecase analysis was 1 year. This time horizon was chosen to align with 

budgetary timeframes from (Belgian) health insurance companies. However, as effects from 

the interventions may impact on the long-term, costs and effects using longer-term follow-up 

(up to 12.5 years) were assessed in sensitivity analyses.  Effects on medication adherence (and 

related medication costs) were assumed to last for 1 year after the program ended, based on 

delayed effects on adherence shown in previous studies.30 After 1 year, adherence went back 

to baseline adherence (85.7%). 

Outcomes

The model calculated cost per QALY gained and cost per hospital-treated exacerbation avoided. 

The generic outcome (cost per QALY) was reported to enable comparisons of cost-effectiveness 

across disease areas. The COPD specific outcome (hospital-treated exacerbations) was included 

to compare this intervention across the field of COPD interventions. The incremental cost-

effectiveness ratio (ICER) was calculated as: 

ICER = [Costs PHARMACOP  – Costs   usual care] / [Effect PHARMACOP – Effect usual care] = ∆C / ∆E
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Sensitivity & scenario analyses

To address parameter, structural and methodological uncertainty, both univariate and probabilistic 

sensitivity analyses were performed. To show individual influence of the parameters, all relevant 

parameters were varied within their 95% confidence intervals (95%CI) and outcomes were 

presented in a tornado diagram showing the most influential parameters on top of the graph. 

In probabilistic sensitivity analyses (3,000 iterations, using Monte Carlo simulations), all relevant 

parameters were varied primarily based on pre-specified statistic distributions as shown in Table 

1.31 The distribution for medication costs was fitted (best fit selected using Akaike Information 

Criterion) as patient-level data were available. Results of the probabilistic sensitivity analyses 

were presented in a cost-effectiveness plane. In scenario analyses the influence of different 

time horizons, long lasting effects of improved adherence and different program runtimes on 

cost-effectiveness were assessed. Sensitivity analyses were performed for alternative follow-

up periods of respectively 0.5 year, 2, 5, 10 and 12.5 years. In long-term follow-up, all future 

costs and benefits (after 1 year) were discounted according to the Belgian pharmacoeconomic 

guidelines; costs at a rate of 3.0% and effects at a rate of 1.5%.21
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RESULTS

Cost-effectiveness

The total costs per patient for intervention and usual care were €2,221 and €2,448, respectively 

within the 1-year time horizon in the basecase (Figure 2). This reflects a cost saving of €227 

(95%CI: €58-€403) per patient for the PHARMACOP-intervention. Also, the PHARMACOP-

intervention resulted in a significant decrease of 0.07 (95%CI: 0.04-0.10) hospital-treated 

exacerbations per patient (0.177 for PHARMACOP versus 0.244 for usual care) when 

the intervention effect was applied for the first 3-months (Figure 3). In addition, a small 

(<0.001 QALYs) increase in QALYs gain was observed. Notably, the initial higher costs in the 

PHARMACOP intervention (due to intervention costs and increased adherence) compared 

to usual care of €161 per patient were offset by €388 savings on expenses for treatment of 

exacerbations. 

Figure 2: Summary of 1-year effects on costs. Usual care: Medication costs (850), Pharmacy fee (0), Exacerbation costs 

(1598), Total costs (2448); Intervention: Medication costs (934), Pharmacy fee (77), Exacerbation costs (1210), Total 

costs (2221); Difference (95%CI): Medication costs (84; 44-129), Pharmacy fee (77; 55-104), Exacerbation costs (-388;-

225- -560), Total costs (-227;-58- -403)



165

8

TARGETS, INTERVENTIONS AND COST-EFFECTIVENESS

Figure 3: Summary of 1-year effects on hospital-treated exacerbations. Usual care: Hospital Treated(HT) Exacerbations 

(0.24), Intervention: Hospital Treated(HT) Exacerbations (0.18), Difference (95%CI): Hospital Treated (HT) Exacerbations 

(-0.07;-0.04- - 0.10)

Sensitivity analyses

Probabilistic sensitivity analyses revealed that >99% of the 3,000 simulations performed 

resulted in cost-savings for the PHARMACOP-intervention, often combined with positive 

incremental effects on both QALYs and hospital-treated exacerbations. This is illustrated in 

Figure 4 and 5: The majority of the simulations were situated in the South-Eastern quadrant 

of the cost-effectiveness plane. At a willingness to pay of €0 per QALY, the probability of the 

PHARMACOP-intervention being cost-effective was 99.4%.

Figure 4: Probabilistic sensitivity analyses for QALY.  QALY: Quality Adjusted Life-Year
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Figure 5: Probabilistic sensitivity analyses for hospital-treated exacerbations 

In univariate sensitivity analyses, all relevant parameters were varied within their 95%CI of the 

basecase values. Figure 6 shows the model was most sensitive to the number of hospital-treated 

exacerbations in the PHARMACOP-trial and the relative risk reduction due to the intervention. 

The medication costs and adherence improvement were of somewhat less influence. However, 

the dominant situation of the PHARMACOP-intervention was retained in all univariate analyses. 

Figure 6: Univariate sensitivity analyses. CT: Community Treated; EDT: Emergency Department Treated; HT: Hospital 

Treated; RR: Relative Risk
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In scenario analyses (Table 2) several variations of the intervention runtime, the time the 

adherence improvement would last, extensions of the time horizon and mean FEV1%pred were 

tested for their influence on cost-effectiveness. As no marked QALY differences were observed, 

this scenario analyses included costs and hospital-treated exacerbations only.

Table 2: Scenario analyses 

Effects on exacerba-

tions last (years)

Time horizon (years) Hospital-treated exacerbations 

Usual care PHARMACOP Prevented

Basecase scenario (effects last for 3 months)

0.25 1 0.24 0.18 0.07

Different time horizon

0.25 0.25 0.10 0.02 0.07

0.25 0.5 0.14 0.07 0.07

0.25 2 0.42 0.35 0.07

0.25 5 0.93 0.86 0.07

0.25 10 1.60 1.53 0.07

0.25 12.5 1.82 1.75 0.07

Different program run time (effects linear extrapolated)

1 1 0.24 0.06 0.18

5 5 0.93 0.23 0.70

12.5 12.5 1.82 0.46 1.36

Effect of adherence improvement lasts 2 years

0.25 5 0.93 0.86 0.07

Effect of adherence improvement lasts 12.5 years 

0.25 12.5 1.82 1.75 0.07

Mean FEV1%pred of 40

0.25 1 0.25 0.18 0.07

0.25 5 1.02 0.95 0.07

0.25 10 1.75 1.68 0.07

Mean FEV1%pred of 60

0.25 1 0.22 0.15 0.07

0.25 5 0.84 0.77 0.07

0.25 10 1.44 1.37 0.07

Lower 95% CI RR effect on hospital treated exacerbations (RR=0.121)

0.25 1 0.24 0.15 0.08

Upper 95% CI RR effect on hospital treated exacerbations (RR=0.523)

0.25 1 0.24 0.19 0.05
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The PHARMACOP-intervention remained cost-saving with longer projected time horizons and 

different assumptions on the lasting effect on adherence. If the program runtime was as long 

as the time horizon, up to 1.36 hospital-treated exacerbations per patient were prevented in 

the 12.5 year time horizon. Cost savings were retained in most sensitivity analyses, except for 

the scenario where costs due to adherence improvement lasted for 12.5 years. Although the 

mean FEV1%pred did affect absolute number of hospital-treated exacerbations, the number of 

prevented hospital-treated exacerbations remained the same.

DISCUSSION

Our aim was to assess the cost-effectiveness of the PHARMACOP community pharmacists’ 

COPD intervention program. In a 1-year time horizon, the PHARMACOP-intervention would 

induce a cost saving of €227 per patient, compared to usual care. This was primarily the result 

of the prevention of 0.07 hospital-treated exacerbations per patient. Therefore, the results 

of this cost-effectiveness analysis indicate that the PHARMACOP-intervention provides more 

value for money, combined with increased health gains when compared to usual care, i.e. it is 

the dominant strategy. Furthermore, long-term projections revealed that when the intervention 

would be extended to longer periods (up to 12.5 years), a considerable amount of 1.36 hospi-

tal-treated exacerbations per patient would be prevented. As we assumed a linear extrapolation 

of effects, long-term clinical follow-up is necessary to confirm whether this assumption does 

reflect real-life effectiveness.

Accordingly, Khdour et al  reported a pharmacist’s intervention as highly cost-effective with 

both savings on total costs and gains in effects.32 Takemura et al did not report costs but 

observed comparable effects on adherence and exacerbation rates.33 Notably, effects of these 

adherence enhancing interventions are considerable, especially when compared to reduction 

of exacerbations observed in trials assessing the effectiveness of (new) medication. This 

may be explained by the possibility that these type of behavior modifying interventions not 

just alter patients medication adherence but alter healthy behavior as a whole (i.e. “healthy 

adherer effect”34), resulting in a much larger effect. A posthoc analysis from the TORCH-trial35 

illustrates this explanation: patients with high adherence (regardless of whether the patients 

used medication or placebo) showed marked better outcomes (rate ratio severe exacerbations: 

0.58) compared to patients with lower adherence. Moreover, regarding the percentage of 

patients with >1 exacerbations in the previous year, this was only 33% in the TORCH trial, 

while in PHARMACOP this was 54%. As the ECLIPSE study showed that a higher number of 

exacerbations in the previous year indicated a higher baseline risk for new exacerbations36 , 

more exacerbations could be expected in the PHARMACOP-population, thus larger potential 

gains. This aligns with the explanation regarding differences in effectiveness of COPD self-

management interventions of which some showed positive and some showed disappointing 

results, depending on the baseline characteristics of the population.37 While the PHARMACOP-

intervention prevented a considerable amount of hospital-treated exacerbations, only little 
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gains on quality of life measures were observed. This as well corresponds with results from 

a COPD intervention program that focused on adherence.9 This finding is explained by the 

discrepancy between the timing of measurement of health status within trials and the relatively 

short duration of exacerbations.20

When comparing the hospital-treated exacerbation rate (0.38 per patient-year) of the 

PHARMACOP population to large trials, the rate seems relatively high. For example, in the 

TORCH-trial the hospitalization rate was 0.2 (SD:0.6) per year38 and in the UPLIFT-trial 0.15 

(SD 0.01).39 However, hospitalization rates highly depend on type of study and are reported to 

vary from as low as 0.09 to 2.4 per year.40 Since co-morbidities such as heart failure increase the 

risk of hospital treated exacerbations in patients with COPD, and since several co-morbidities 

are excluded in classical RCTs of COPD (such as TORCH and UPLIFT), the different prevalences 

of co-morbidities might (partially) explain the higher exacerbation rate in the real-world 

PHARMACOP-study. Another risk factor for a high exacerbation rate was the winter season in 

which the trial was performed.41 In addition, mean CAT score in the PHARMACOP-population 

was >10, indicating patients with high symptoms according to the new GOLD guidelines.4 

When compared to a previous Belgian cost-effectiveness report in the evaluation of tiotropium, 

hospitalization rates are more in line (0.36 per year)25, what might suggest that patients in 

Belgium are relatively earlier referred to hospital when exacerbations are suspected.  

Strengths

This study is the first cost-effectiveness analysis of an intervention directed at improving COPD 

patients’ medication adherence and inhalation technique based on a large RCT. One of the major 

strengths of this trial was the community care setting in which real-life data were obtained. The 

vast majority of patients with COPD fill their prescriptions in community pharmacies, where 

recruitment took place. Our study population - and therefore also the results from the current 

cost-effectiveness study - is considered representative for the Belgian COPD population using 

inhaled medication for the maintenance treatment of COPD. The study closely followed and 

modeled real-life medication distributions among the study population. Using this distribution 

enabled precise estimates of the economic impact of improving medication adherence for the 

total population. Therefore, not only the costs for the intervention itself (materials and time 

of healthcare providers) but also costs related to the extent of medication use, which effects 

may last for longer periods, were included providing a complete economic picture. Finally, the 

analysis was reported according to the CHEERS-guidelines for reporting of health-economic 

evaluations.42 

Limitations

Though basecase assumptions were well-considered and assessed for robustness in sensitivity 

analyses, long-term effects related to the programs’ future impact on frequency of (severe) 

exacerbations and costs, remain highly uncertain. Some studies recommend that inhalation 
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instruction should be (frequently) reinforced for continuation of optimal pharmacological 

effects.43,44  Also future changes in healthcare policies and treatments may change current 

cost-effectiveness estimates. Regarding implementation in the Belgian healthcare system, the 

varying ability of individual healthcare providers to adopt - and patients to respond to - the 

interventions has to be considered, which limits generalizability. Regarding generalizability 

to other countries, differences in country specific healthcare systems, costs and regulations 

should be taken into account. For example, this study did not take into account indirect costs 

(productivity) in line with Belgian guidelines, while the Dutch guidelines recommend to take 

these costs into account indeed.45

Long-term projections of our COPD model should be interpreted with caution as e.g. in spite 

of evidence that decline in lung function is increased by the occurrence of an exacerbation we 

did not account for this possibility.46 However, because this decline due to an exacerbation is 

relatively low in comparison with regular annual lung function decline, for analyses up to 2 

years (including the basecase analyses) this is considered only a minor limitation. 

Recommendations

As an alternative to addition of new drugs to COPD patients’ treatment regimen, optimization 

of current treatment has to be considered. Pharmaceutical care (i.e. optimization of medication 

adherence and inhalation technique) as provided by the PHARMACOP-protocol should be 

embedded in the integral multidisciplinary respiratory care for patients with COPD. Based 

on the cost-saving strategy, health insurance companies should be stimulated to reimburse 

these type of interventions. Furthermore, community pharmacists are well positioned - and are 

recommended - to integrate COPD specific pharmaceutical care as part of their daily practices. 

Overall, these recommendations are expected to contribute to better patients outcomes and 

to lower total healthcare costs for the COPD population. In particular, when interventions are 

performed in the winter season, the season when patients are at highest risk for exacerbations, 

potential health and cost gains are maximized.

CONCLUSIONS

In the current cost-effectiveness study of the PHARMACOP-trial, we demonstrate that 

improving inhaler adherence in community pharmacies  is  a cost-saving strategy compared 

with usual care. Before adding new therapies, the optimization of current treatment options 

has to be considered. Community pharmacies offer a cost-effective platform for improving 

medication adherence, inhalation technique and outcomes in patients with COPD and these 

activities should be embedded in the integral multidisciplinary respiratory care for patients with 

COPD.



171

8

TARGETS, INTERVENTIONS AND COST-EFFECTIVENESS

Competing interests

JB, ET, KB, EM, SV and GB declare that they have no competing interests, regarding the sub-

mitted work.

MP reports grants, personal fees and non-financial support from various pharmaceutical com-

panies,  outside the submitted work. The Erasmus University, Institute for Medical Technolo-

gy Assessment, where MR is employed, has received funding for designing and conducting 

cost-effectiveness studies of COPD drugs from multiple pharmaceutical companies (Boehringer 

Ingelheim, Nycomed, Pfizer). MRM has received speaker fees and compensation for serving on 

advisory boards for GSK, Boehringer Ingelheim, Pfizer, Nycomed and Novartis. MRM does not 

own stock of any pharmaceutical company.

Authors’ contributions

JB, SV, MR and MP designed the research. JB and SV performed the analyses. ET, KB, EM, MR 

and GB provided input for the analyses. All authors interpreted the data. JB and ET wrote the 

paper. All authors commented on the first draft. All authors read and approved the final version 

of the manuscript.

Acknowledgements

No funding was received for this study.



172

8

ENHANCING ADHERENCE IN PATIENTS WITH COPD

Additional file 1: Summary of the PHARMACOP study

Study protocol

The PHARMACOP study was a 3-month randomized controlled trial (N=734) carried out 

between December 2010 and July 2011 in 170 community pharmacies throughout Belgium. 

Before start of the trial, all participating pharmacists received a training session addressing 

COPD (non)pharmacological management, referral criteria and the study protocol. To support 

interventions, pharmacists were provided with patient information leaflets, demo inhalers and 

a list of practical solutions to tackle specific non-adherent behavior.47 

Patients in the intervention group received interventions using one-on-one counseling sessions 

at study start and after 1 month of follow-up.  Interventions included verbal and written 

information about COPD pathophysiology, COPD medication (dose and time of intake, inhalation 

technique, importance of adherence and side effects) and self-management (e.g. lifestyle 

advise, smoking cessation). Control patients were given usual care (e.g. recommendations on 

dose and time of intake only). Duration of counseling sessions was estimated to be 15 to 25 

minutes according to patients’ needs. Patients were included in the PHARMACOP study if they 

met the following inclusion criteria: prescription for inhaled  COPD maintenance medication, 

aged 50 years and older and a smoking history of at least 10 pack-years. 

PHARMACOP population

In the PHARMACOP population 66% were male, mean age at baseline was 68.7 years (SD: 

9.6), 43% were current smokers and mean COPD duration was 11 years (SD: 9). Regarding 

health status and symptoms: 23% had modified Medical Research Council (mMRC) scores of 

3 or 4, mean COPD Assessment Test (CAT) score was 16.5 (SD: 7.7) and 54% had 1 or more 

exacerbations in the preceding year.

Summary of results

The PHARMACOP trial improved inhalation scores with 13.5% (95%CI: 10.8-16.1; P<0.0001). 

Medication adherence, as measured by proportion of days covered, was improved from 85.70% 

to 94.21% (difference: 8.51%, 95%CI: 4.63-12.4; P<0.0001). In the intervention group a 

significantly lower hospitalization rate was observed (9 vs 35; Rate ratio: 0.28, 95%CI: 0.12-

0.64; P=0.003). No other significant differences were observed.

A complete description of the PHARMACOP study is provided elsewhere.11 
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Additional file 2: Comparison of model results after three months to PHARMACOP RCT 

results

Simulation

In Table 3 the model results of a cohort (N=363) that was followed for the first three months 

are compared to the real results from the PHARMACOP-trial. Results did not differ significantly 

(P>0.05).

Table 3: Comparison of the number of exacerbations between the model and PHARMACOP trial (3-month time-hori-

zon)

Usual care PHARMACOP Difference (95%CI)

RCT Model RCT Model RCT Model

Cohort 363 363 371 363 - -

Community treated 

exacerbations

194 191 179 173 -15 

(-44.8; 7.4)

-18

(-50.1; 

20.3)

Hospital treated 

exacerbations

35 34 9 9 -26

(-39.5; -13.9)

-25

(-35.5; 

-14.4)

ED treated exacer-

bations

18 17 15 15 -3

(-7.9; 14.8)

-2

(-11.1; 

11.5)

ED: Emergency Department; RCT: Randomized Controlled Trial



174

8

ENHANCING ADHERENCE IN PATIENTS WITH COPD



175

8

TARGETS, INTERVENTIONS AND COST-EFFECTIVENESS

REFERENCES

1.   World Health Organization. Chronic obstructive pulmonary disease. Available at http://www.who.int/

respiratory/copd/en/ Accessed Feb 2015. 

2.   van Boven JF, Vegter S, van der Molen T, Postma MJ. COPD in the working age population: the eco-

nomic impact on both patients and government. COPD 2013; 10:629-39. 

3.   Scientific Institute for Public Health Belgium (WIV-ISP).  

Available from: https://www.wiv-isp.be. 

4.   Global Strategy for the Diagnosis, Management and Prevention of COPD, Global Initiative for 

Chronic Obstructive Lung Disease (GOLD) 2013.  

Available from: http://www.goldcopd.org/. 

5.   Mehuys E, Boussery K, Adriaens E, Van Bortel L, De Bolle L, Van Tongelen I, et al. COPD manage-

ment in primary care: an observational, community pharmacy-based study. Ann Pharmacother 2010; 

44:257-66. 

6.    Melani AS, Bonavia M, Cilenti V, Cinti C, Lodi M, Martucci P, et al. Inhaler mishandling remains com-

mon in real life and is associated with reduced disease control. Respir Med 2011; 105:930-8. 

7.   van Boven JF, Chavannes NH, van der Molen T, Rutten-van Molken MP, Postma MJ, Vegter S. Clinical 

and economic impact of non-adherence in COPD: A systematic review. Respir Med 2014; 108:103-13. 

8.   Casas A, Troosters T, Garcia-Aymerich J, Roca J, Hernandez C, Alonso A, et al. Integrated care prevents 

hospitalisations for exacerbations in COPD patients. Eur Respir J 2006; 28:123-30. 

9.   Takemura M, Mitsui K, Ido M, Matsumoto M, Koyama M, Inoue D, et al. Effect of a network system 

for providing proper inhalation technique by community pharmacists on clinical outcomes in COPD 

patients. Int J Chron Obstruct Pulmon Dis 2013; 8:239-44. 

10.   Jarab AS, Alqudah SG, Khdour M, Shamssain M, Mukattash TL. Impact of pharmaceutical care on 

health outcomes in patients with COPD. Int J Clin Pharm 2012; 34:53-62. 

11.   Tommelein E, Mehuys E, Van Hees T, Adriaens E, Van Bortel L, Christiaens T, et al. Effectiveness of 

pharmaceutical care for patients with chronic obstructive pulmonary disease (PHARMACOP): a ran-

domized controlled trial. British Journal of Clinical Pharmacology 2014; 77:756-66. 

12.   Hoogendoorn M, van Wetering CR, Schols AM, Rutten-van Molken MP. Is INTERdisciplinary COM-

munity-based COPD management (INTERCOM) cost-effective? Eur Respir J 2010; 35:79-87. 

13.   Steuten LM, Lemmens KM, Nieboer AP, Vrijhoef HJ. Identifying potentially cost effective chronic care 

programs for people with COPD. Int J Chron Obstruct Pulmon Dis 2009; 4:87-100. 

14.   Boland MR, Tsiachristas A, Kruis AL, Chavannes NH, Rutten-van Molken MP. The health economic 

impact of disease management programs for COPD: a systematic literature review and meta-analysis. 

BMC Pulm Med 2013; 13:40,2466-13-40. 

15.   Bryant J, McDonald VM, Boyes A, Sanson-Fisher R, Paul C, Melville J. Improving medication adher-

ence in chronic obstructive pulmonary disease: a systematic review. Respir Res 2013; 14:109. 

16.   Hess LM, Raebel MA, Conner DA, Malone DC. Measurement of adherence in pharmacy administra-

tive databases: a proposal for standard definitions and preferred measures. Ann Pharmacother 2006; 

40:1280-8. 



176

8

ENHANCING ADHERENCE IN PATIENTS WITH COPD

17.  Menn P, Leidl R, Holle R. A lifetime Markov model for the economic evaluation of chronic obstructive 

pulmonary disease. Pharmacoeconomics 2012; 30:825-40. 

18.   Oostenbrink JB, Rutten-van Molken MP, Monz BU, FitzGerald JM. Probabilistic Markov model to 

assess the cost-effectiveness of bronchodilator therapy in COPD patients in different countries. Value 

Health 2005; 8:32-46. 

19.   Starkie HJ, Briggs AH, Chambers MG. Pharmacoeconomics in COPD: lessons for the future. Int J 

Chron Obstruct Pulmon Dis 2008; 3:71-88. 

20.   Rutten-van Molken MP, Goossens LM. Cost effectiveness of pharmacological maintenance treatment 

for chronic obstructive pulmonary disease: a review of the evidence and methodological issues. Phar-

macoeconomics 2012; 30:271-302. 

21.   Cleemput I, Crott R, Vrijens F, Huybrechts M, Van Wilder P, Ramaekers D. Voorlopige richtlijnen voor 

farmaco-economisch onderzoek in België. Health Technology Assessment (HTA). Federaal Kennis-

centrum voor de gezondheidszorg (KCE) KCE reports 28A (D2006/10.273/10). 2006; . 

22.   Hoogendoorn M, Feenstra TL, Hoogenveen RT, Al M, Molken MR. Association between lung function 

and exacerbation frequency in patients with COPD. Int J Chron Obstruct Pulmon Dis 2010; 5:435-44. 

23.   Belgisch Centrum voor Farmacotherapeutische Informatie (B.C.F.I. VZW) 

Available from: http://www.bcfi.be/. 

24.   Oostenbrink JB, Rutten-van Molken MP. Resource use and risk factors in high-cost exacerbations of 

COPD. Respir Med 2004; 98:883-91. 

25.   Neyt M, Van den Bruel A, Gailly J, Thiry N, Devriese S. Tiotropium in the Treatment of Chronic Ob-

structive Pulmonary Disease: Health Technology Assessment. Health Technology Assessment (HTA). 

Brussels: Belgian Health Care Knowledge Centre (KCE). KCE reports 108C. D/2009/10.273/20. 2009; 

26.   Borg S, Ericsson A, Wedzicha J, Gulsvik A, Lundback B, Donaldson GC, et al. A computer simulation 

model of the natural history and economic impact of chronic obstructive pulmonary disease. Value 

Health 2004; 7:153-67. 

27.   Hoogendoorn M, Rutten-van Molken MP, Hoogenveen RT, Al MJ, Feenstra TL. Developing and ap-

plying a stochastic dynamic population model for chronic obstructive pulmonary disease. Value Health 

2011; 14:1039-47. 

28.   Hoogendoorn M, Rutten-van Molken MP, Hoogenveen RT, van Genugten ML, Buist AS, Wouters EF, 

et al. A dynamic population model of disease progression in COPD. Eur Respir J 2005; 26:223-33. 

29.   Scanlon PD, Connett JE, Waller LA, Altose MD, Bailey WC, Buist AS. Smoking cessation and lung func-

tion in mild-to-moderate chronic obstructive pulmonary disease. The Lung Health Study. Am J Respir 

Crit Care Med 2000; 161:381-90. 

30.   Wysocki T, Greco P, Harris MA, Bubb J, White NH. Behavior therapy for families of adolescents with 

diabetes: maintenance of treatment effects. Diabetes Care 2001; 24:441-6. 

31.   Briggs AH, Claxton K, Sculpher MJ. Decision modelling for Health Economic Evaluation. New York: 

Oxford University Press; 2006. 

32.   Khdour MR, Agus AM, Kidney JC, Smyth BM, McElnay JC, Crealey GE. Cost-utility analysis of a phar-

macy-led self-management programme for patients with COPD. Int J Clin Pharm 2011; 33:665-73. 



177

8

TARGETS, INTERVENTIONS AND COST-EFFECTIVENESS

33.   Takemura M, Mitsui K, Itotani R, Ishitoko M, Suzuki S, Matsumoto M, et al. Relationships between 

repeated instruction on inhalation therapy, medication adherence, and health status in chronic ob-

structive pulmonary disease. Int J Chron Obstruct Pulmon Dis 2011; 6:97-104. 

34.   Simpson SH, Eurich DT, Majumdar SR, Padwal RS, Tsuyuki RT, Varney J, et al. A meta-analysis of the 

association between adherence to drug therapy and mortality. BMJ 2006; 333:15. 

35.   Vestbo J, Anderson JA, Calverley PM, Celli B, Ferguson GT, Jenkins C, et al. Adherence to inhaled 

therapy, mortality and hospital admission in COPD. Thorax 2009; 64:939-43. 

36.   Hurst JR, Vestbo J, Anzueto A, Locantore N, Mullerova H, Tal-Singer R, et al. Susceptibility to exacer-

bation in chronic obstructive pulmonary disease. N Engl J Med 2010; 363:1128-38. 

37.   Bourbeau J. Not all self-management programs in chronic obstructive pulmonary disease have positive 

results: why is replication a problem? Chron Respir Dis 2004; 1:5-6. 

38.   Calverley PM, Anderson JA, Celli B, Ferguson GT, Jenkins C, Jones PW, et al. Salmeterol and fluticasone 

propionate and survival in chronic obstructive pulmonary disease. N Engl J Med 2007; 356:775-89. 

39.   Tashkin DP, Celli B, Senn S, Burkhart D, Kesten S, Menjoge S, et al. A 4-year trial of tiotropium in 

chronic obstructive pulmonary disease. N Engl J Med 2008; 359:1543-54. 

40.   Seemungal TA, Hurst JR, Wedzicha JA. Exacerbation rate, health status and mortality in COPD--a 

review of potential interventions. Int J Chron Obstruct Pulmon Dis 2009; 4:203-23. 

41.   Jenkins CR, Celli B, Anderson JA, Ferguson GT, Jones PW, Vestbo J, et al. Seasonality and determinants 

of moderate and severe COPD exacerbations in the TORCH study. Eur Respir J 2012; 39:38-45. 

42.   Husereau D, Drummond M, Petrou S, Carswell C, Moher D, Greenberg D, et al. Consolidated Health 

Economic Evaluation Reporting Standards (CHEERS)--explanation and elaboration: a report of the 

ISPOR Health Economic Evaluation Publication Guidelines Good Reporting Practices Task Force. Value 

Health 2013; 16:231-50. 

43.   Crompton GK, Barnes PJ, Broeders M, Corrigan C, Corbetta L, Dekhuijzen R, et al. The need to im-

prove inhalation technique in Europe: a report from the Aerosol Drug Management Improvement 

Team. Respir Med 2006; 100:1479-94. 

44.   Lavorini F, Magnan A, Dubus JC, Voshaar T, Corbetta L, Broeders M, et al. Effect of incorrect use of dry 

powder inhalers on management of patients with asthma and COPD. Respir Med 2008; 102:593-604. 

45.   Health Care Insurance Board. Dutch pharmacoeconomic guidelines [in Dutch]. Available at: http://

www.zorginstituutnederland.nl/binaries/content/documents/zinl-www/documenten/publicaties/

publications-in-english/2006/0604-guidelines-for-pharmacoeconomic-research/0604-guide-

lines-for-pharmacoeconomic-research/Guidelines+for+pharmacoeconomic+research.pdf. 2004. 

46.   Makris D, Moschandreas J, Damianaki A, Ntaoukakis E, Siafakas NM, Milic Emili J, et al. Exacerba-

tions and lung function decline in COPD: new insights in current and ex-smokers. Respir Med 2007; 

101:1305-12. 

47.   NICE Clinical Guideline 76: Medicines adherence. National Institute for Health and Clinical Excellence. 

2009. 



178

8

ENHANCING ADHERENCE IN PATIENTS WITH COPD



179

9

TARGETS, INTERVENTIONS AND COST-EFFECTIVENESS

CHAPTER 9
EFFECTS OF TARGETING DISEASE AND 
MEDICATION MANAGEMENT 
INTERVENTIONS TOWARDS PATIENTS 
WITH COPD

Van Boven JF, Stuurman-Bieze AG, Hiddink EG, Postma MJ.

Effects of targeting disease and medication management interventions towards patients with 

COPD.  Submitted
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ABSTRACT

Aims

Suboptimal adherence in Chronic Obstructive Pulmonary Disease (COPD) patients is associated 

with decreased clinical and economic outcomes. Intervention programs, targeted at patients 

with suboptimal adherence and symptoms, offer opportunities for cost-effective COPD care. 

We aimed to assess the effects of the targeted COPD-intervention program Medication Moni-

toring and Optimization (MeMO).

Methods

Twenty settings participated in this 1-year real-world study with a pre-test/post-test design. 

Patients with a physician-confirmed COPD diagnosis, oral corticosteroid use,  suboptimal ad-

herence and Clinical COPD Questionnaire (CCQ)-score ≥1 were selected by community phar-

macists. Pharmacy interventions included inhalation-instruction, medication information and 

motivational interviewing regarding adherence and smoking cessation. Proposals for dose-, 

medication- and/or inhaler change and physical activity- or diet recommendations were dis-

cussed with the general practitioner (GP), physiotherapist or dietician. Primary endpoint was 

the change in CCQ-score. Secondary outcomes were adherence, exacerbations, healthcare uti-

lization, quality of life (EQ-5D), dyspnea by modified Medical Research Council (mMRC) and 

cost-effectiveness.

Results

Interventions were performed in 88 patients (mean age: 69; 52% male; mean CCQ: 2.10). 

Most performed interventions were inhalation-instruction (89%), medication education (98%) 

and adherence counseling (58%). Respectively 9%, 45% and 16% were referred to GP, phys-

iotherapist or dietician. After 1 year, mean CCQ-decrement was 0.12 and 38% had a clinical 

relevant improvement. There was a significant decrease (-0.82) in exacerbations. Adherence, 

mMRC and EQ-5D did not change. Medication costs were €26 higher, intervention costs €33, 

but total healthcare costs were €333 lower. The small sample size and lack of control group 

were the main limitations.

Conclusion

By specifically targeting COPD patients with potential gain for improvement, the MeMO-COPD 

program seems an efficient and cost-saving method to improve patients’ health outcomes.
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INTRODUCTION

Disease and medication management programs for patients with Chronic Obstructive Pulmo-

nary Disease (COPD) have shown promising, but also contradictive results. 1-4 A major factor 

predicting a positive result may be related to the population included in the considered study. 
5 The RECODE-study (N=1,086) assessed an integrated disease management program and 

showed no effects. According to the authors, one of the reasons for this limited effect was re-

lated to the lack of selection of patients that might have the largest benefits. 3 

A COPD subpopulation that offers large potential room for improvement is the group of 

non-adherent patients. Non-adherence to inhaled medication in COPD patients is an increas-

ingly recognised healthcare issue that is not only associated with diminished health effects, 

but also with higher total treatment costs. 6, 7 Optimal adherence encompasses continuous 

use (persistence) as well as use in accordance with the instructions of the prescriber. The latter 

means patients should follow to the advised dosing regimen, while performing their inhalation 

technique as instructed. 8 

So far, interventions to improve adherence in patients with COPD have shown some promising 

effects regarding adherence, exacerbations and costs. 9, 10 However, long-term evidence and 

effects on quality of life are less clear. Furthermore, the key aspects that contribute to the (cost) 

effectiveness of disease management and adherence enhancing interventions still need to be 

uncovered. 11, 12 

In other chronic disease areas, targeted disease management programs like Medication Mon-

itoring and Optimization (MeMO) have shown their value regarding adherence, cost-effec-

tiveness and patient satisfaction. 13-16 Recently, the MeMO-COPD program was launched in 

several Dutch community pharmacies that were embedded in local primary care settings. These 

integrated community care settings, with strong collaborations between general practitioners 

(GPs), pharmacists, primary care nurses and physiotherapists offer possibilities for effective, 

continuous, multidisciplinary care for COPD patients. 17 In the MeMO program, community 

pharmacists play an integral role in the proactive detection and optimization of suboptimal 

pharmacotherapy in patients with COPD. Due to the possession of longitudinal data on phar-

macy dispenses, combined with physician confirmed diagnoses and Clinical COPD Question-

naire (CCQ)-scores, the MeMO program could specifically and efficiently target those COPD 

patients with suboptimal adherence as well as symptoms and risk for exacerbations. Conse-

quently, not all patients are intervened, like in ‘one-size-fits-all’ intervention programs, but only 

those that may have the greatest potential benefits. Therefore, this strategy is expected to have 

a favourable impact on the programs’ effectiveness and cost-effectiveness.

The aim of this study was to assess the effectiveness and cost-effectiveness of the targeted 

MeMO intervention program in terms of different health outcomes.
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METHODS

Study design

This was a pragmatic study with a pre-test/post-test design. Patients were recruited from com-

munity pharmacies spread out over The Netherlands, between October 2013 and February 

2014. All pharmacies were part of the Connecting Care collaborative (www.connecting-care.

nl). These are pharmacies with well-established collaborations with their local primary care team 

including GPs, physiotherapists and primary care nurses. The follow-up period was 1 year. Eth-

ical approval was granted by the Zorggroep Noorderbreedte (RTPO 813a).

Participation and local primary care team involvement

At start, all 22 Connecting Care pharmacies, including both rural and urban pharmacies, agreed 

to participate in the study. Of the 22 pharmacies that initially agreed to participate, two phar-

macies dropped out shortly after the educational session. One pharmacy had to leave the study 

due to time constraints and the other pharmacy had to stop the study because of interference 

with another primary care COPD study in which many of their patients already participated in.

The pharmacist(s) that functioned as project leads for each pharmacy received training about 

COPD pharmacotherapy optimization (with special attention on the handling of non-adherence 

management), COPD guidelines, referral criteria, as well as instructions on the study protocol 

and the technical procedure on how to extract their patients’ data from the pharmacy infor-

mation system. Pharmacists received written material to educate their pharmacy colleagues not 

attending the educational session and to support their interventions and were free to involve 

other members of their local primary care team.

Patient selection and inclusion process: targeting the intervention

Patients were pre-selected according to the algorithm presented in figure 1. Pharmacists were 

instructed to select patients with a physician-confirmed COPD diagnosis and the use of mini-

mal one short course of oral corticosteroids with or without antibiotics (indicating a likelihood 

of exacerbations) in the previous year, as well as suboptimal adherence to inhaled respiratory 

maintenance medication. Suboptimal adherence was defined as the discontinuation of a respi-

ratory maintenance drug or continuous use with less than 80% of the prescribed doses taken 

(underuse) or more than 120% of the doses taken (overuse), as calculated by the proportion 

of days covered (PDC). The PDC over the last year was obtained by dividing the total number 

of days with medication available, when used as prescribed, by 365 days. The use of oral cor-

ticosteroids was more important than the adherence criterion as dispense adherence may not 

guarantee actual (correct) intake. Patients were invited for an intake and completed the CCQ 

in the pharmacy. Only patients with a total CCQ-score or a CCQ-subscore ≥ 1 were invited to 

participate in the MeMO-program. The pharmacist discussed the inclusion with the GP in order 

to reassure eligibility and to minimize the possibility that patients would be included in other 

COPD studies. All patients signed agreement before participating in the study. 
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Figure 1: Targeted interventions to optimize COPD therapy: selecting patients with largest potential for improvement

Interventions

The MeMO-COPD intervention program involved a patient counseling session, followed by 

a second consultation at three months and active monitoring for suboptimal adherence at six 

and nine months. Interventions that could be performed during the initial session included (re-

inforcement of) inhalation instructions, provision of additional information on the medication 

used (e.g. mechanism of action, side-effects), counseling on several aspects of adherence (e.g. 

beliefs and expectations, reminders, highlighting importance of continuous use in accordance 

with prescription)  tailored to the type of non-adherence and smoking cessation and recom-

mendations regarding self-management. In some cases (change of dose regimen, change of 

type of inhaler or change of medication), the GP was contacted by the pharmacist or patients 

were immediately referred to the GP. Pharmacists were recommended to always advise physical 

activity, with or without recommendation to contact the physiotherapist. In case of low (<21) or 

high (>30) body mass index (BMI), they were recommended to refer to a dietician.

In specific cases (e.g. after a recommendation for dose or inhaler change), a follow-up inter-

vention was undertaken as a supplement to the first intervention. These interventions included, 

after evaluation of patients’ medication profiles, a second patient counseling session or consul-

tation with the GP. The monitoring  at six and nine months was performed using the pharmacy 

dispense information system. Only when deemed relevant by the pharmacist (e.g. in case of 

increased use of short-acting bronchodilators), an active intervention was performed at these 

time points. At one year, an evaluation was performed. All interventions, along with the time 

investment per intervention, were logged by the participating pharmacists.
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Outcome measures

The primary study effectiveness endpoint was the mean change in CCQ-score, between base-

line and one year after intervention. Secondary outcomes included medication adherence, ex-

acerbations, healthcare utilization, general quality of life, dyspnea and cost-effectiveness, as 

specified in the following sections.

CCQ

The mean change in CCQ-score was the primary study endpoint. The CCQ is a 10-item vali-

dated instrument for measuring COPD specific quality of life.18 The CCQ ranges from 0 (good 

COPD control) to 6 (no COPD control), provides sub-scores on physical, symptoms and depres-

sion domains and has an established minimal clinically important difference of 0.4. 19 Sub-scores 

as well as the percentage with clinical relevant improvement in CCQ-score were calculated and 

reported.

General quality of life

To measure general quality of life, the EuroQoL 5-Dimensions (EQ-5D) questionnaire was used. 

The five dimensions of the EQ-5D comprise mobility, self-care, usual activities, pain/discomfort 

and anxiety/depression. The EQ-5D is a general preference based instrument that enables the 

estimation of utilities, where a utility of 1 represents perfect health and 0 represents a state 

similar to death. The EQ-5D has been validated for use in the Netherlands. 20 

Dyspnea

Dyspnea was measured using the modified Medical Research Council dyspnea score (mMRC). 

The mMRC consists of a 1-item questionnaire asking the extent of dyspnea on a 0 (few dys-

pnea) to 4 (heavy dyspnea) scale. 21

CCQ, EQ-5D and mMRC scores were measured at baseline, after 3 months and after one 

year. Mean CCQ and EQ-5D scores and proportion of patients with mMRC≥2 were compared 

between baseline and three months (short-term effects) and between baseline and one year 

(long-term effects).

Medication adherence

Medication adherence was calculated based on the PDC with COPD maintenance medication 

(long-acting bronchodilators and inhaled corticosteroids) during the year before intervention 

and one year after intervention. To avoid recall bias, medication adherence was directly extract-

ed from the pharmacy dispense system.

Exacerbations

As this study focused on health outcomes and cost-effectiveness, exacerbations were defined 

by healthcare utilization. 22 As such, a community treated exacerbation was defined by the dis-
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pense of a short-course of oral corticosteroids with or without antibiotics (7-14 days). To avoid 

recall bias, these were directly extracted from the pharmacy dispense system over the pre-inter-

vention reference period of 1 year and over the post-intervention period of 1 year. More severe 

exacerbations were patient reported and defined as the number of COPD-related emergency 

department (ED) visits and COPD-related hospitalizations. 

Healthcare utilization and costs

Resource use related to COPD was divided into four categories: (1) intervention costs (2) costs 

of medication, (3) costs of healthcare use and (4) costs due to lost productivity. 

Intervention costs were calculated based on time investment of healthcare providers (obtained 

via self-report) and multiplied by a fixed hourly fee. 10 Healthcare resource use was obtained 

from self-reported questionnaires, in which the patients were retrospectively asked about the 

use of healthcare resources. These included COPD related GP consultations (phone calls or 

visits), specialist visits, visits to the emergency department and hospitalizations. Days of lost 

productivity were also self-reported by the patients (only patients that were not retired). Data 

on the use of medication were extracted from the pharmacy information system as this type of 

resource use is usually prone to recall bias. 23 

The costs of resource use were calculated by multiplying the specific type of resources with their 

unit costs according to Dutch national price lists. 24, 25 

Cost-effectiveness

The cost-effectiveness was calculated with data collected alongside the 1-year time horizon of 

this study. Costs included the sum of all four cost categories as specified above. Effects were 

either expressed as difference in Quality Adjusted Life-Years (QALYs) or CCQ score.

Statistics

Differences in mean outcome values before and after intervention were compared using paired 

samples T-tests. P-values <0.05 were considered statistically significant. For each difference, 

95% confidence intervals (95%CI) were reported. For all statistical analyses, IBM SPSS Statistics 

22 was used.

RESULTS

Participation and local primary care team involvement

In total, 20 different pharmacies were involved in the patient selection process and the perfor-

mance of the interventions and follow-up. Most pharmacies did involve other members of their 

local primary care team, varying from data exchange only to full collaborations and agreements 

on the different tasks to be performed.
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Patient selection process

By using the search algorithm, the 20 pharmacies identified on average 68 patients per pharma-

cy that were dispensed respiratory medication (ATC code R03) and had at least one prescription 

of prednisone or prednisolone (H02AB06, H02AB07) in the previous year. These were about 

19% of the total users of R03 medication. When cross-tabbed with the clinical diagnoses of 

GPs, on average in 25 of the 68 patients (37%), a COPD diagnosis was confirmed. These pa-

tients were assessed for underuse of maintenance medication (LABA, LAMA, ICS) or overuse of 

rescue (SABA, SAMA) or maintenance medication, discussed with the GP and eligible patients 

were invited for an initial assessment (including CCQ). After these additional assessments, on 

average 5 patients per pharmacy (median: 4; interquartile range: 3) were eligible for final inclu-

sion, resulting in a total of 94 patients initiating the study. 6 patients did not complete the study 

due to several reasons (2 moved, 1 died, 1 stopped all medication and 2 were lost to follow-up).

Patient characteristics

88 patients were included in the final study cohort and completed the study. Patients’ charac-

teristics are presented in Table 1. 

Table 1: Patient characteristics (N=88)

Parameter Value

General

Age (mean, SD) 68.8 (7.8)

Male (%) 52.2

BMI (mean, SD) 27.1 (5.1)

Smoking status (N, %)

Smoker

Ex-smoker

Never smoker

23 (26%)

52 (59%)

13 (15%)

Work status (N, %)

Fulltime

Part-time

Disability pension

Unemployed

Retired

3 (3%)

6 (7%)

6 (7%)

5 (6%)

68 (77%)

COPD severity

Years since COPD diagnosis (mean, SD) 11.4 (10.1)
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Parameter Value

Main physician (N, %)

GP

Pulmonologist

Both

45 (51%)

34 (39%)

9 (10%)

Spirometric classification (N, %)

I: Mild (FEV1%predicted >80%)

II: Moderate (FEV1%predicted 50-80%)

III: Severe (FEV1%predicted 30-50%)

IV: Very severe (FEV1%predicted <30%)

Unknown

13 (15%)

27 (31%)

22 (25%)

7 (8%)

19 (22%)

Exacerbation history in previous year

Community treated exacerbations (mean, SD) 1.84 (1.63)

ED treated exacerbations (mean, SD) 0.24 (0.73)

Hospital treated exacerbations (mean, SD) 0.26 (0.51)

Health status

CCQ score (mean, SD) 2.10 (1.12)

mMRC dyspnea score (N, %)

0

1

2

3

4

12 (14%)

26 (30%)

21 (24%)

24 (27%)

5 (6%)

EQ-5D score (mean, SD) 0.74 (0.25)

EQ-5D-VAS (mean, SD) 62.5 (14.9)

Comorbidity (%)

Cardiovascular disease (CVD) 66%

Osteoporosis 20%

Depression 16%

Diabetes 24%

Asthma 20%

Other 30%

Total number of comorbidities (mean, SD) 1.8 (1.2)

Respiratory medication use in previous year (%)

SABA 35%

SAMA 13%

SABA-SAMA 5%

LABA 22%
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Parameter Value

LAMA 64%

ICS 16%

ICS-LABA 53%

Oral corticosteroids chronic 8%

Acetyl cysteine 9%

Antibiotics chronic 5%

Theophylline 0%

Total number of respiratory medications (mean, SD) 2.3 (0.99)

Total number of other medication (mean, SD) 4.4 (3.5)

BMI: Body Mass Index; CCQ: Clinical COPD Questionnaire; COPD: Chronic Obstructive Pulmonary Disease; FEV1: 

Forced expiratory volume in 1 second; GP: General Practitioner; ICS: Inhaled corticosteroids; LABA: Long-acting beta 

agonist; LAMA: Long-acting muscarinic antagonist; SABA: Short-acting beta agonist; SAMA: Short-acting muscarinic 

antagonist; SD: Standard deviation

Interventions

Figure 2 provides an overview of all interventions that have been performed in the total pop-

ulation of 88 patients. Most performed interventions in the pharmacy were medication educa-

tion, inhalation instruction and counseling on adherence. Interventions were performed by a 

pharmacist (25%), a pharmaceutical consultant (25%) or a pharmaceutical technician (50%).

Mean initial time investment was 26 minutes (minimum: 3, maximum: 65) per consultation. 

Sometimes a follow-up intervention was needed, which took on average 14 minutes (mini-

mum: 0, maximum: 45). Using a flat hourly fee of €50, the mean intervention costs were €33 

per patient.

Figure 2: Interventions performed
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In table 2, the differences in patient reported health outcomes are shown. Mean CCQ total and 

sub-scores showed improvements 1 year after intervention. However, no statistical significant 

differences were observed except for the CCQ-mental sub-score. In addition, out of the 88 

patients, 53 (60%) improved in total CCQ score and 33 (38%) had a clinical relevant improve-

ment in CCQ score. 17 patients (19%) had a clinical relevant decrease in CCQ score. There 

were no significant differences in EQ-5D and mMRC.

Table 2: Patient reported health outcomes at baseline, 3 months and 1 year.

Outcome Baseline 

(mean)

After 3 months 

(mean)

Difference with baseline 

(95%CI)

After 1 year 

(mean)

Difference 

with baseline 

(95%CI)

CCQ mean 2.10 1.98 -0.13 

(-0.29 - 0.03)

1.98 -0.12 

(-0.28 - 

0.03)

CCQ- symptoms 2.62 2.40 -0.26 

(-0.48 - 0.03)

2.55 -0.07 

(-0.31 - 

0.17)

CCQ- functioning 2.06 2.09 0.00 

(-0.19 - 0.19)

2.02 -0.05 

(-0.16 - 

0.26)

CCQ- mental 1.06 0.88 -0.13 

(-0.38 - 0.11)

0.75 -0.32 

(-0.55 - 

-0.10)*

EQ-5D 0.74 0.76 0.02 

(-0.03 - 0.06)

0.72 -0.02 

(-0.07 - 

0.02)

EQ-5D VAS 62.5 NA NA 63.3  0.91 

(-2.07 - 

3.91)

mMRC # 0.57 0.55 -0.02

(-0.12-0.17)

0.58 0.01 

(-0.16-0.13)

#: Here, not mean, but proportion with mMRC≥2 was used; *significant (p<0.05); CCQ: Clinical COPD Questionnaire; 

EQ-5D: EuroQoL-5 dimensions; mMRC: modified Medical Research Council; NA: not available; VAS: Visual analogic 

scale
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Adherence

Adherence to long-acting bronchodilators was 0.85 before intervention and 0.86 after inter-

vention. Adherence to inhaled corticosteroids was 0.82 before intervention and 0.84 after 

intervention. Differences for both bronchodilators (0.01 [95%CI: -0.04-0.06]) and ICS (0.03 

[95%CI: -0.04-0.10]), were not significant.

Exacerbations

In table 3, the difference in occurrence of exacerbations is shown. All types of exacerbations 

decreased after intervention. The number of total and community treated exacerbations after 1 

year was significantly different compared to baseline.

Table 3: Exacerbations

Exacerbations T=0 T=1 Difference (95%CI)

Community treated exacerbation 1.84 1.25 -0.59 (-0.98 - -0.20)*

ED treated exacerbation 0.24 0.09 -0.15 (-0.32 - 0.02)

Hospital treated exacerbation 0.26 0.18 -0.08 (-0.21 - 0.05)

Total exacerbations 2.34 1.52 -0.82 (-1.28 - -0.36)*

*significant (p<0.05); CI confidence interval; ED: emergency department; T=0: year before  MeMO intervention; T=1; 

year after MeMO  intervention

Healthcare utilization and costs

Table 4 shows the differences in healthcare utilization and costs between baseline and 1 year 

after intervention. After intervention, on average €333 less was spent on healthcare utilizations. 

Intervention and medication costs increased, but costs for other healthcare use decreased (GP 

visits, specialist visits and hospitalizations). Taking into account productivity, cost-savings were 

€268. Note that large confidence intervals applied as only nine patients were still working.

Table 4: Healthcare utilization and costs (€) from a Dutch healthcare payer and societal perspective

Baseline After intervention

N per patient 

(mean)

Unit 

cost 

Total per 

patient costs 

(mean)

N  per patient 

(mean)

Unit cost Total per 

patient cost 

(mean)

Difference 

(95%CI)

Intervention 

costs

varied varied 0 0 varied 33 33 

(30 - 36)*

GP visits 2.27 25 57 1.66 25 41 -16 

(-30 - -2)*
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Baseline After intervention

N per patient 

(mean)

Unit 

cost 

Total per 

patient costs 

(mean)

N  per patient 

(mean)

Unit cost Total per 

patient cost 

(mean)

Difference 

(95%CI)

Specialist 

visits

1.25 78 98 1.20 78 92 -5 

(-36 - 25)

ED visits 0.24 163 39 0.09 163 15 -24 

(-51 - 3)

Hospitaliza-

tion days

1.82 493 896 1.13 493 549 -347 

(-841 - 146)

Medication varied varied 549 varied varied 575 26 

(-14 - 66)

Total costs 

(HCP)

1639 1305 -333 

(-849 - 182)

Days produc-

tivity loss

0.47 240 112 0.74 240 177 65 

(-263 - 394)

Total costs 

(SP)

1751 1483 -268 

(-926 - 391)

*significant (p<0.05); CI: Confidence interval; ED: Emergency Department; GP: General practitioner

Cost effectiveness

As both favorable effects and cost-savings were observed, the MeMO-COPD intervention pro-

gram seems to be cost-saving, that is, better health effects at lower costs. 

DISCUSSION

Main findings

Results from this study did not show a significant or clinical relevant increase in total CCQ score 

or generic quality of life. However, 38% of the patients showed a clinical relevant improvement 

in CCQ-score and the total number of exacerbations significantly decreased. Medication costs 

and intervention costs did slightly increase, while other healthcare costs decreased, resulting in 

savings on total healthcare expenses.

Interpretation

In recent years, several previous studies have assessed the effectiveness and cost-effective-

ness of COPD disease management programs performed in Dutch primary care. 1-3 However, 

these interventions were not specifically targeted towards a patient population with potential 

gains. The Dutch study by Kruis et al 3 trained GPs, nurses and physiotherapists and high-

lighted the importance of integrated care. There were no significant effects regarding quality 
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of life, exacerbations or healthcare utilization. The authors suggested that the reason for the 

unfavorable effects were related to the fact that their interventions were targeted at health-

care professionals instead of patients and the little room for improvement in the Dutch patient 

population. Bischoff et al 1 assessed the effects of two types of COPD disease management 

(comprehensive self-management and routine monitoring) versus usual care. This study did 

not specifically target patients with potential gains and did not find any benefits in terms of 

quality of life. Few studies on disease management interventions have been shown to lead to 

an improvement in CCQ-scores, however Chavannes et al 2 reported significant improvements 

in Saint George’s Respiratory Questionnaire (SQRQ) scores after extensive integrated disease 

management. Notably, improvements were greatest in patients with worse disease status, un-

derpinning the value of targeting patients. Furthermore, note that COPD is progressive dis-

ease and no decline in quality of life could therefore be seen as a positive effect. Outside of 

The Netherlands, there have been some COPD intervention studies performed that specifically 

focused on improvement of adherence and/or inhalation technique.  A small Japanese study 

(N=51) by Takemura et al assessed the effects of improving inhalation technique and found, in 

line with our study, significant decreases in exacerbations, however no effect on quality of life. 
26 Khdour et al focused on patient education, medication and breathing techniques in Northern 

Ireland. Also this study showed decreased hospitalizations, but no difference in quality of life 

as measured by total score on the SQRQ. 27 The PHARMACOP-trial was a larger (N=734), Bel-

gium-based study, using motivational interviewing, tailored approaches for different types of 

non-adherence, demo-inhalers and device-unique inhalation technique checklists. The PHAR-

MACOP-strategy was found to both improve adherence, as measured by PDC, and inhalation 

technique and significantly reduced hospital-treated exacerbations. 9 Moreover, even with cost 

of the intervention and higher medication costs, the PHARMACOP-intervention was deemed 

cost-saving because of its reduction in hospitalizations and associated costs. 10 Notably, effects 

on annual hospitalization rates and total costs savings were very similar to our study (decrease 

of 0.07 hospitalizations and cost savings of €227). In addition, a Spanish study showed favour-

able effects of improving adherence in patients with COPD. 28 In our study, no significant overall 

improvement in adherence as measured by PDC was observed, however we noticed (data not 

shown) a minor increase in patients using ICS (69% before versus 72% after intervention) 

and number of non-respiratory medication (4.4 versus 4.6). Of interest, in a subgroup with 

decreased exacerbations (N=55), increase in adherence to ICS was more profound (+/-8%, 

data not shown) than overall increase in ICS adherence (3%). Other explanations for positive 

effects may be related to unobserved changes in inhalation technique, patients’ smoking and 

lifestyle habits or use of other (non-)pharmacological treatments, although those were not 

quantitatively measured. COPD patients typically use multiple medication, therefore it has been 

suggested that improving adherence to one type of medication may impact adherence to other 

medication as well, resulting in larger potential effect sizes of these type of adherence and be-

havior enhancing interventions. 29 Moreover, changing patients’ behavior may lead to an overall 
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‘healthy adherer effect’. Patients are then not only more adherent to their medication, but also 

more aware of the importance of a healthy lifestyle (e.g. smoking cessation, exercise, diets). 30

Strengths & Limitations

This study had several strengths. The real-life setting allowed the study to be performed in a 

group of COPD patients that was representative for primary care treatment, that is, without ex-

cluding patients that are usually excluded in large registration trials (e.g. due to comorbidities). 

As such, the most prevalent (CVD, diabetes, asthma)- and number (1.91) of- comorbidities, 

were in line with a recent observational study, that only included users of COPD maintenance 

medication that assessed the impact of comorbidities (53% had 1 or 2 comorbidities). 31 Only 

a small percentage of patients were lost to follow up. Moreover, due to study visits mostly 

planned during regular primary care contacts, few missing data occurred and this allowed col-

lection of extensive information on patient reported outcomes and healthcare providers’ inter-

ventions. Notably, due to this detailed monitoring of healthcare interventions, this is one of the 

first studies looking further into the success factors of disease management programs in COPD 

that predict favorable effectiveness and cost-effectiveness. Lastly, due to the length of the study 

(1 year), seasonal influence could be minimized.

This study also faced some limitations. Firstly, this study had no control group or randomization; 

rather the patients functioned as their own historical control (pre-post design). For complex 

intervention programs such as these, suitable control patients may be difficult to define. Due 

to the small sample size, as of the limited number of pharmacies that were part of Connecting 

Care, this study was not large enough to observe statistical significant differences on the primary 

endpoint, however several interesting trends were observed, demonstrating the need for larger 

confirmative follow-up studies. Larger studies may also reduce the impact of inter-professional 

differences in implementation and communication skills (including empathy) on final outcomes.  

Regarding the counting of exacerbations, two issues may arise. First, a patient usually has to go 

to the pharmacy to fill his or her prescription each time a new exacerbation occurs. However, it 

may be possible that a patient used leftovers of a previous fill. A second issue is that, contrasting 

to the Dutch GP guidelines, only antibiotics were prescribed and no oral corticosteroids. In both 

cases, this exacerbation was not counted, however this was deemed equally plausible before 

and after intervention. Another limitation, resulting from the pre-post design, was the bias due 

to other interventions that may have been performed. However, we aimed to inform all health-

care providers in the region and results do still well correspond with the study of Tommelein 

et al that used a randomized control design. 9 In addition, several outcome measures (such as 

exacerbations and adherence) were measured objectively, thereby reducing the risk of observer 

and recall-bias. Furthermore, note that this study was performed in a small group of pharma-

cies with high motivation, which may limit generalizability. Lastly, in the current MeMO-COPD 

program, sub-optimal inhalation technique, an important aspect of non-adherence in COPD 

patients, could not be identified on beforehand. However, new technologies, based on acoustic 
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sound algorithms to identify sub-optimal inhalation technique, are promising and can assist in 

optimizing the targeting process.32

Recommendations for future policy, research and clinical practice

With an aging population and increasing healthcare costs, a shift from chronic care to more tar-

geted care is inevitable. Enhancing the use of continuous, proactive detection and intervention 

programs is therefore highly recommended. In general, the strategy used in this intervention 

program is expected to keep symptomatic patients longer in primary care, illustrated by the 

decrease in hospitalizations. Most of the current COPD intervention programs only perform one 

time interventions at fixed moments, whereas the MeMO-COPD program facilitates continu-

ous monitoring and targeted interventions. As of the targeted approach, healthcare providers’ 

time for interventions was efficiently spent, making large scale implementation in daily work 

schedules feasible. Especially, when reimbursement of these type of cost-saving interventions  

would be established.

To further optimize intervention strategies, advances in inhalation monitoring technology are 

needed to further foster optimal adherence management. 33 To assess the effect of inhalation 

technique on outcomes, objective, standardized measurements are recommended for future 

studies. In addition, effects of interventions on extent of work productivity could be more 

closely monitored, thereby not only focusing on absenteeism, but also on presentism as both 

have been shown to major impact COPD indirect costs.34 To capture the full scope of exac-

erbations, specifically the mild ones, it is recommend to measure the increase in use of res-

cue medication. As of the high prevalence of comorbidity and polypharmacy, it would also 

be worthwhile to assess the effects of changes in non-respiratory medication adherence on 

COPD patients’ health outcomes. This study showed promising results regarding prevention of 

exacerbations, but lacked a large enough sample size to show significant differences on other 

endpoints. Therefore, confirmative studies using a pragmatic randomized controlled trial design 

are recommended. 

Conclusion

By specifically targeting COPD patients with potential gain for improvement, the MeMO-COPD 

program seems an efficient and cost-saving method to improve patients’ health outcomes. 

Continuous detection of suboptimal pharmacotherapy and risk factors by the pharmacist, fol-

lowed by multidisciplinary interventions by pharmacist, GP, physiotherapist and dietician offers 

potential for targeted and tailored healthcare as opposed to current widespread ‘one-size-fits-

all’ interventions.
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CHAPTER 10
GENERAL DISCUSSION

Partly based on: 

Van Boven JF, Trappenburg JC, van der Molen T, Chavannes NH.

Towards tailored and targeted adherence assessment to optimize asthma management. 

NPJ Primary Care Respiratory Medicine 2015; 25: 15046
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GENERAL DISCUSSION

The objective of this thesis was to identify targets for interventions to optimize medication 

adherence in COPD and to study the economic implications of such interventions that enhance 

medication adherence.

Main findings

In chapter 2, a systematic review was performed with the aim to summarize the available ev-

idence on the clinical and economic impact of non-adherence in patients with COPD. Results 

from 12 studies showed that outcomes associated with non-adherence included increased hos-

pitalizations and emergency department visits, increased mortality, increased total healthcare 

costs, decreased quality of life and decreased productivity. Therefore, non-adherent patients 

with COPD were highlighted as a target for potentially highly cost-effective interventions. 

In chapter 3, the economic impact of COPD in the working age population was assessed. While 

direct healthcare costs such as medication, GP visits and hospitalizations are well described in 

literature, less was known regarding the impact of COPD on societal costs like productivity, 

disability pensions and tax revenue losses. It appeared that these costs were considerable and 

even exceeded direct medical costs. Thus, potential gains from interventions in this population 

are large. 

In chapter 4, a factor that may be related to non-adherence in COPD, the occurrence of oro-

pharyngeal side effects, was described. Notably, candidiasis presents a problem in this respect. 

Using a prescription sequence symmetry analysis, the highest prevalence of oral candidiasis was 

found in the first three months after initiation of inhaled corticosteroids. After one year, the 

prevalence of oral candidiasis was lower but still elevated, stressing the need for reinforcement 

of inhalation instructions. 

Subsequently, in chapter 5, the impact of reimbursement on treatment adherence to smoking 

cessation medication was studied. It was found that not only the likelihood of initiating phar-

macological smoking cessation treatments, but also the extent of adherence to these treatments 

seems higher during periods of reimbursement. The effect was more profound in varenicline as 

compared to bupropion. 

Chapter 6 focused on the impact of inhaler device on patients’ persistence with long-acting 

beta-agonists. There was no impact of inhaler device (multiple-dose versus single-dose inhalers) 

on COPD patients’ persistence with long-acting beta agonists. Notably, over 80% of patients 

that initially seemed to discontinue long-acting beta agonists, re-started their initial medication 

or switched inhalers or medication within one year.

In chapter 7, a model was developed to predict mean utility values from data derived from 

the Clinical COPD Questionnaire (CCQ). This model, or mapping tool, was needed as only 

few clinical studies did include an outcome measure of general health-related quality of life. 

On a group level, the mapping model predicted mean EQ-5D values that were similar to the 
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observed mean values. However, on an individual level, the mapping models overestimated the 

values of people with low observed EQ-5D values and underestimated the values of people 

with high observed values. Mapping the CCQ onto the EQ-5D is therefore not recommended 

and should only be used when no other options are available. Preferably, future clinical COPD 

studies should include the EQ-5D in their list of outcomes. 

Chapter 8 described the economic evaluation of a randomized controlled trial performed in over 

50 community pharmacies in Belgium (PHARMACOP). The program focused on improving 

inhalation technique and medication adherence in patients with COPD. In the cost-effective-

ness study of the PHARMACOP-trial, it was demonstrated that improving inhaler adherence in 

community pharmacies is a cost-saving strategy compared with usual care. Improving inhaler 

adherence should be considered before adding new therapies. Moreover, large scale implemen-

tation and reimbursement of these types of protocolled interventions is recommended.

Chapter 9 described the evaluation of the MeMO-COPD program, performed in 20 community 

pharmacies in The Netherlands. This intervention program aimed to target, using a multidisci-

plinary approach, symptomatic COPD patients at high risk with suboptimal pharmacotherapy. 

The MeMO-COPD program appeared an efficient and cost-effective method to target high-risk 

patients with COPD. Continuous detection of suboptimal pharmacotherapy and risk factors by 

the pharmacist, followed by multidisciplinary interventions by pharmacist, GP, physiotherapist 

and dietician offers potential for targeted and tailored or personalized healthcare as opposed to 

current widespread ‘one-size-fits-all’ interventions.

Interpretation

The work described in this thesis offers a wide range of targets and interventions to be focused 

on, when optimizing pharmacotherapy in patients with COPD. Notably, optimizing pharmaco-

therapy in patients with COPD may have more effects than just an increased effectiveness of 

COPD medication. COPD patients are usually suffering from multi-morbid conditions, that is, 

comorbidities and polypharmacy are common. Optimizing pharmacotherapy to COPD medi-

cation may result in better adherence and self-management related to other diseases (such as 

cardiovascular disease or osteoporosis) as well. Moreover, when healthcare providers would 

achieve sustained changes in patients’ behavior, long-lasting effects on for example hospital-

izations may be seen. 

In COPD patients, good adherence to medication has been linked to decreased mortality and 

hospitalization rates. Interestingly, in previous studies, effects were not only seen in patients 

that are adherent to medication, but in patients adherent to placebo as well.1 This phenomenon 

has been described as the ‘healthy adherer effect’.1,2 It implicates that patients adherent to 

their medication, have an overall more healthy lifestyle; they may be more adherent to other 

treatment regimens, be more physically active, attempt to quit smoking and stay on a healthy 

diet. In other words, medication non-adherence may be an indicator of patients’ shortage of 

disease- and self-management skills. This reveals an important opportunity for the healthcare 
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provider in actively searching for non-adherent COPD patients and target your interventions to 

these patients. Using this strategy, not only healthcare providers’ time is more efficiently spend, 

but also the cost-effectiveness of disease management interventions is expected to increase as 

non-adherence is markedly associated with worsened economic outcomes.3

Adherence-enhancing interventions in their context

Regarding COPD treatment, one should realize that the studies in this thesis do by far not cover 

the total treatment of COPD. During the process from diagnosis, prescription, dispensing and 

using COPD medication, a wealth of potential improvements have been identified in the past 

decades. 

The roadmap presented in figure 1 presents an overview of several aspects that can be opti-

mized in order to reach optimal COPD outcomes, maximizing quality of life primarily through 

preventing exacerbations.

 

Figure 1: The road towards optimal COPD outcomes: dashed lines indicate room for future research
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Recommendations for future research

The major topics this thesis focused on were related to the cost-effectiveness of adherence en-

hancing interventions (Figure 1, box 5). Also, some work was specifically related to adherence 

itself. Especially, the measurement of adherence and the definition of adherence remain major 

issues on which consensus is required. 

Adherence taxonomy

The most recent review conducted that focused on adherence taxonomy in general (not re-

spiratory specific) was by Vrijens et al.4 They performed a systematic medical literature search 

(using literature up to 2009) and distinguished three phases of adherence: ‘Initiation’, ‘Imple-

mentation’ and ‘Discontinuation’. These phases are a useful start, but there is still much open to 

interpretation, especially as there was no section addressing inhaled respiratory adherence. In 

particular, this should be further specified as in this area of chronic diseases, not only the issues 

of medication intake intensity and persistence play a role, but also the quality of administration 

(i.e. inhalation technique).5,6 There may be patients that inhale twice day, in accordance with 

the recommendation of their healthcare provider, however if the quality of their inhalation falls 

short, no medication will reach the lungs.

It is considered a major priority to stimulate future work to be produced in this area, including 

standardization of taxonomy. Ongoing variation in the taxonomy used to define adherence will 

lead to results that are difficult to compare across studies.7 Ultimately, this will limit research 

efficiency as well as obtaining usable insights available for enhancing patient benefits.8

Therefore, there is a clear need to reach consensus on the taxonomy used, especially in the area 

of respiratory medicine. 

Adherence measurement

A further potential large gain is expected from improvements of methods to measure adherence. 

While guidelines to assess the cost-effectiveness of interventions are generally well established, 

the methods to assess adherence, especially in the respiratory area, are less well developed. 

From this thesis it became clear that targeting non-adherent COPD patients for specific inter-

ventions resulted in favorable cost-effectiveness. In COPD, besides medication intake intensity 

and persistence, the quality of administration, that is, inhalation technique is essential. Especial-

ly the latter is still hard to measure routinely. Therefore, the need for more research regarding 

innovative adherence measurement methods is emphasized. Future developments in the field 

of inhalers appear promising. Ideally, new inhalers will enable us to provide both a qualitative 

measurement of adherence (e.g. inhaler handling and inhalation technique) and continuous 

quantitative measurements. The quantitative measures include frequency of, exact timings of, 

and time-interval between inhalations. Electronic monitoring devices, attached to or integrated 

in inhalation devices, appear the most promising to capture both aspects.9 These electronic 

devices have been recommended as the reference standard to assess medication adherence 
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in both research as well as clinical settings.10 Technically, these technologies have shown their 

feasibility and even some have already been on the healthcare market for almost 20 years, al-

though they are primarily used in small-scale research settings.11 Examples of monitoring devic-

es that are able to log the date and exact timings are the SmartMist, Doser CT, MDIlog and the 

Nebulizer Chronolog, with studies demonstrating sufficient accuracy for all these devices.12,13 

A more recent development is the Propeller Health sensor that not only keeps a record of time 

and date, but also of location of use.14 Another development is the Smartinhaler that automat-

ically sends usage data to a mobile application or computer via Bluetooth and it can provide 

discrete audio-visual reminders if the patient forgets to take the prescribed medication.15 Yet, 

both devices still do not assess the quality of inhalation. A promising new technique relies 

on the use of acoustic inhalation measurements. In research settings, time stamped acoustic 

recordings seemed to be a suitable method for monitoring inhalation technique over time.11,16 

Interestingly, an association between better adherence and changes in quality of life and peak 

expiratory flow was only found, when adherence was operationalized as both time of use and 

inhalation technique, and not for time of use only.11 These developments illustrate that some of 

the technologies using electronic monitoring components in asthma and COPD management 

are already introduced and available, whereas more large-scale and real-life applications still 

lack. Notably, more research is required to underpin such further spread of these technologies.

Recommendations for clinical practice

Multidisciplinary collaborations

For all primary care healthcare providers involved in the treatment of patients with COPD, it is 

highly recommended to further establish inter professional collaborations on a local level (Figure 

2). 

In previous studies, multidisciplinary interventions have already shown their value in the treat-

ment of COPD patients.17 The last chapter of this thesis confirmed the effectiveness and cost-ef-

fectiveness of close collaborations in primary care. GPs, pharmacists, physiotherapists and di-

eticians have all been playing their individual roles in the primary care treatment of COPD, 

but often intensive collaboration with their treatment partners was lacking. Stimulated by new 

payment structures (“integrale bekostiging van ketenzorg”) in The Netherlands, a good incen-

tive to join forces is offered. 

In addition, the link between primary care and secondary care should be strengthened. Espe-

cially regarding establishment of correct respiratory diagnosis, collaboration between GPs and 

pulmonologists might be very beneficial. In Groningen (The Netherlands), GPs and pulmonol-

ogists have successfully been working closely together for many years regarding agreements 

and exchange of data.18 Regarding diagnosis and treatment, it should be emphasized that there 

are several phenotypes of COPD, stressing the need for more targeted and tailored treatment 

within such collaborations. 
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Figure 2: Multidisciplinary care around the COPD patient

Integrating adherence measures and health status

Developments in inhalation technology may be considered promising.  However, solely focus-

ing on adherence may not be sufficient. As previously highlighted, the ultimate goals of COPD 

treatment are prevention of exacerbations and maximizing quality of life.19 As such, adherence 

is only an intermediate outcome. The MeMO-COPD study already indicated the potential val-

ue of combining non-adherence measures with health status when targeting high-risk COPD 

patients for interventions.

Health status measurement has gained increased attention in the past decade. To capture the 

full range of COPD patients’ quality of life, several validated COPD-specific health status tools 

have been developed. Two of the most frequently used health status tools are the COPD As-

sessment Test (CAT) and the Clinical COPD Questionnaire (CCQ).20,21 In current clinical practice, 

these tools are still under-used, most often evaluated only during regular patient consultations. 

Also, interventions following from these health status scores are generally reactive. In contrast, 

continuous digital monitoring of health status would enable more regular use of health status 

tools, early detection of worsening health status and symptoms and proactive interventions. 

Combined use of innovative inhalation technology and digital health status measures offer 

the potential to enhance adherence and tailor COPD management, potentially resulting in 

improved quality of life and reduced healthcare utilization and costs. A global outline of this 

approach is visualized in figure 3. It includes the use of a smart inhaler combined with a mobile 

phone application to measure adherence and health status, automatically generated tailored 
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decision support and motivational feedback, and optional digital or direct face-to-face contacts 

with healthcare providers or peer-patients. As depicted, several opportunities for tailored COPD 

management are offered (enhanced self-management and/or intensified guidance by health-

care providers).

Figure 3: Integrated COPD management approach. Solid red lines: standard mHealth decision support; Dashed red lines: 

optional pathway, depending on patient preferences and feasibility studies

Tailoring the choice of inhalers, regimen and timing of intake to patients’ preferences

In addition to adapting treatment to patients’ clinical phenotypes, tailoring treatment to pa-

tients’ preferences and behaviour may be of equal importance, especially with the wealth of 

new inhaled treatments available. In RCTs, newest treatments have shown limited improve-

ments in clinical efficacy, but considerable differences in dosing regimen and inhaler type exists, 

potentially impacting effectiveness in daily clinical practice. Most of the new pharmacothera-

peutic options have a once-daily regimen which is, at first sight, likely to favour adherence. In 

other chronic diseases, once-daily regimens are associated with improved adherence22, whereas 

definitive evidence on the benefits of a once-daily regimen in COPD is yet lacking. COPD is 

a disease with fluctuating symptoms and different phenotypes and patients’ individual prefer-

ences may play a major role. Price et al interviewed 2,138 COPD patients and it appeared that 

about 45% of them preferred a once-daily regimen, 30% a twice-daily and 25% had no pref-

erence.23 A high self-perceived need for controller medication was associated with preference 

for a once-daily regimen. The choice of the drug regimen is related to the type of the inhaler, 
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and also patients’ preferences regarding easiness of use of inhalers may differ.24 Therefore, in-

volving the patient in the choice of the inhaler and the dosing regimen should be considered. In 

addition, special attention should be paid to advising patients on the optimal time of medication 

intake. A recent survey indicated that the majority of patients suffering from morning symp-

toms were not taken their medication on time.25 When concomitant use of multiple inhaled 

medications is indicated, the same inhaler is preferred as multiple-inhalers can confuse patients, 

resulting in worse outcomes.26,27

Conclusion

Medication non-adherence in patients with COPD is associated with worse clinical and eco-

nomic outcomes. Hence, interventions targeted towards non-adherent patients, such as MeMO 

and PHARMACOP, have shown to be a cost-effective strategy. Intervention costs and medi-

cation costs did slightly increase, however these costs were offset by gains due to prevention 

of hospitalizations. Therefore, improving adherence should be considered before adding new 

therapies. Moreover, large scale implementation and reimbursement of adherence enhancing 

interventions is recommended. Adherence-enhancing interventions should preferably use a 

multidisciplinary and targeted approach.

In addition, several potential targets for adherence enhancing interventions were identified, 

ranging from a specific population, the choice of inhaler device, a suitable period for inhalation 

technique training and the impact of reimbursement. 

In particular, the COPD population of working-age was shown to be a potentially highly 

cost-effective population to target adherence-enhancing interventions on. In this population, 

interventions could not only affect direct healthcare costs, but also considerable impact on indi-

rect costs, such as work productivity, can be expected. 

The type of inhaler that is used by the COPD patient did not seem to affect treatment per-

sistence. However, in order to avoid side-effects and improve medication effectiveness, the 

quality of COPD patients’ inhalation technique should be closely monitored. It was found that 

side-effects are most prevalent in the first three months after inhaled corticosteroids initiation, 

implicating that in this time period inhalation technique interventions will have their greatest 

potential benefit.

Above all, smoking cessation remains of utmost importance in COPD patients that smoke. Re-

imbursement of pharmacologic smoking cessation treatment was shown to favour medication 

adherence, thereby strengthening the decision of the Dutch government to reimburse smoking 

cessation treatments.

To further optimize non-adherence management in patients with COPD, more research is need-

ed regarding the particular effective contents of adherence-enhancing interventions, methods 

of monitoring adherence and consensus on the exact definition of non-adherence.



208

10

ENHANCING ADHERENCE IN PATIENTS WITH COPD

REFERENCES

1.   Vestbo J, Anderson JA, Calverley PM, Celli B, Ferguson GT, Jenkins C, et al. Adherence to inhaled 

therapy, mortality and hospital admission in COPD. Thorax 2009; 64:939-43. 

2.   Simoni-Wastila L, Wei YJ, Qian J, Zuckerman IH, Stuart B, Shaffer T, et al. Association of chronic 

obstructive pulmonary disease maintenance medication adherence with all-cause hospitalization and 

spending in a Medicare population. Am J Geriatr Pharmacother 2012; 10:201-10. 

3.   van Boven JF, Chavannes NH, van der Molen T, Rutten-van Molken MP, Postma MJ, Vegter S. Clinical 

and economic impact of non-adherence in COPD: A systematic review. Respir Med 2014; 108:103-13. 

4.   Vrijens B, De Geest S, Hughes DA, Przemyslaw K, Demonceau J, Ruppar T, et al. A new taxonomy for 

describing and defining adherence to medications. Br J Clin Pharmacol 2012; 73:691-705. 

5.    Melani AS, Bonavia M, Cilenti V, Cinti C, Lodi M, Martucci P, et al. Inhaler mishandling remains com-

mon in real life and is associated with reduced disease control. Respir Med 2011; 105:930-8. 

6.   Lavorini F, Magnan A, Dubus JC, Voshaar T, Corbetta L, Broeders M, et al. Effect of incorrect use of dry 

powder inhalers on management of patients with asthma and COPD. Respir Med 2008; 102:593-604. 

7.   Cals JW. Comment on: The higher the number of daily doses of antibiotic treatment in lower respira-

tory tract infection the worse the compliance. J Antimicrob Chemother 2009; 63:1083,4; author reply 

1084-5. 

8.   Steiner JF, Earnest MA. The language of medication-taking. Ann Intern Med 2000; 132:926-30. 

9.   Chan AH, Reddel HK, Apter A, Eakin M, Riekert K, Foster JM. Adherence monitoring and e-health: 

how clinicians and researchers can use technology to promote inhaler adherence for asthma. J Allergy 

Clin Immunol Pract 2013; 1:446-54. 

10.   Patel M, Pilcher J, Travers J, Perrin K, Shaw D, Black P, et al. Use of metered-dose inhaler electronic 

monitoring in a real-world asthma randomized controlled trial. J Allergy Clin Immunol Pract 2013; 

1:83-91. 

11.   D’Arcy S, MacHale E, Seheult J, Holmes MS, Hughes C, Sulaiman I, et al. A method to assess ad-

herence in inhaler use through analysis of acoustic recordings of inhaler events. PLoS One 2014; 

9:e98701. 

12.   Gong H,Jr, Simmons MS, Clark VA, Tashkin DP. Metered-dose inhaler usage in subjects with asthma: 

comparison of Nebulizer Chronolog and daily diary recordings. J Allergy Clin Immunol 1988; 82:5-10. 

13.   Julius SM, Sherman JM, Hendeles L. Accuracy of three electronic monitors for metered-dose inhalers. 

Chest 2002; 121:871-6. 

14.   Propeller Health. Available from: http://www.propellerhealth.com. November 2014. 

15.   Smartinhaler. Available from http://www.smartinhaler.com. November, 2014. 

16.   Seheult JN, O’Connell P, Tee KC, Bholah T, Al Bannai H, Sulaiman I, et al. The Acoustic Features of 

Inhalation can be Used to Quantify Aerosol Delivery from a Diskus Dry Powder Inhaler. Pharm Res 

2014; 31:2735-47. 

17.   Casas A, Troosters T, Garcia-Aymerich J, Roca J, Hernandez C, Alonso A, et al. Integrated care prevents 

hospitalisations for exacerbations in COPD patients. Eur Respir J 2006; 28:123-30. 



209

10

TARGETS, INTERVENTIONS AND COST-EFFECTIVENESS

18.   Metting EI, Riemersma RA, Kocks JH, Piersma-Wichers MG, Sanderman R, van der Molen T. Feasibility 

and effectiveness of an Asthma/COPD service for primary care: a cross-sectional baseline description 

and longitudinal results. NPJ Prim Care Respir Med 2015; 25:14101. 

19.   Global Strategy for the Diagnosis, Management and Prevention of COPD, Global Initiative for 

Chronic Obstructive Lung Disease (GOLD) 2013. Available from: http://www.goldcopd.org/. 

20.   Jones PW, Harding G, Berry P, Wiklund I, Chen WH, Kline Leidy N. Development and first validation 

of the COPD Assessment Test. Eur Respir J 2009; 34:648-54. 

21.   van der Molen T, Willemse BW, Schokker S, ten Hacken NH, Postma DS, Juniper EF. Development, 

validity and responsiveness of the Clinical COPD Questionnaire. Health Qual Life Outcomes 2003; 

1:13. 

22.   Claxton AJ, Cramer J, Pierce C. A systematic review of the associations between dose regimens and 

medication compliance. Clin Ther 2001; 23:1296-310. 

23.   Price D, Lee AJ, Sims EJ, Kemp L, Hillyer EV, Chisholm A, et al. Characteristics of patients preferring 

once-daily controller therapy for asthma and COPD: a retrospective cohort study. Prim Care Respir J 

2013; 22:161-8. 

24.   Chorao P, Pereira AM, Fonseca JA. Inhaler devices in asthma and COPD--an assessment of inhaler 

technique and patient preferences. Respir Med 2014; 108:968-75. 

25.   Partridge MR, Karlsson N, Small IR. Patient insight into the impact of chronic obstructive pulmonary 

disease in the morning: an internet survey. Curr Med Res Opin 2009; 25:2043-8. 

26.   Price D, Chrystyn H, Kaplan A, Haughney J, Roman-Rodriguez M, Burden A, et al. Effectiveness of 

same versus mixed asthma inhaler devices: a retrospective observational study in primary care. Allergy 

Asthma Immunol Res 2012; 4:184-91. 

27.   van der Palen J, Klein JJ, van Herwaarden CL, Zielhuis GA, Seydel ER. Multiple inhalers confuse asthma 

patients. Eur Respir J 1999; 14:1034-7. 



210

10

ENHANCING ADHERENCE IN PATIENTS WITH COPD



211

A

TARGETS, INTERVENTIONS AND COST-EFFECTIVENESS

APPENDICES
SUMMARY
SAMENVATTING
LIST OF PUBLICATIONS
DANKWOORD/ACKNOWLEDGEMENTS
RESEARCH INSTITUTE SHARE
CURRICULUM VITAE



212

A

ENHANCING ADHERENCE IN PATIENTS WITH COPD

SUMMARY

Pharmacologic therapy for patients with Chronic Obstructive Pulmonary Disease (COPD) has 

demonstrated to improve disease symptoms and to avoid exacerbations. However, efficacy 

reported in clinical trials does not automatically reflect effectiveness in real-world settings, and 

one of the major reasons is related to treatment non-adherence which is common in patients 

with COPD. 

The aim of the first part of this thesis was to explore targets for interventions to improve therapy 

adherence in COPD. Results from a systematic literature review showed that the clinical and 

economic impact of non-adherence in patients with COPD is considerable. Non-adherence is 

associated with increased hospitalizations and emergency department visits, increased mor-

tality, increased total healthcare costs, decreased quality of life and decreased productivity. A 

potential target population that is particularly interesting from an economic perspective is the 

working-age population. This thesis showed that in this COPD sub-population, societal costs 

related to impaired productivity, lost productivity, disability pensions paid and tax revenues lost 

did markedly exceed the direct healthcare costs. A factor that may be related to non-adherence 

is the occurrence of oropharyngeal side effects. It was shown that oral candidiasis did mainly 

occur in the first three months after therapy initiation, but patients remained at risk in the 

1-year follow-up period. Inhalation instruction, preferably annually reinforced, is recommended 

in order to improve patients’ adherence and lower the incidence of oropharyngeal side effects. 

Subsequently, the impact of reimbursement of smoking cessation medication was assessed. 

During the years that pharmacotherapy (e.g. varenicline, bupropion) was reimbursed, medica-

tion adherence was significantly higher. Another point of interest that was identified included 

the choice of an optimal inhaler. However, whether this is a single-dose or multiple-dose inhaler 

did not influence patients’ persistence with long-acting bronchodilators.

The second part of this thesis focused on the economic value of interventions that aimed to 

improve therapy adherence in patients with COPD. First, as many clinical intervention studies 

did not include a measure of general health-related quality of life (measured by the EQ-5D), a 

model was developed to predict mean utility values from Clinical COPD Questionnaire (CCQ) 

data. Results showed that there are conceptual differences between the CCQ and EQ-5D and 

mapping should be considered as second-best option compared to directly collected EQ-5D 

data. Furthermore, the mapping performance seems to depend on the severity of the study 

population.

Subsequently, this thesis assessed the economic value of several interventions. The first was 

a comprehensive pharmaceutical care intervention program in Belgium (PHARMACOP) that 

focused on improving inhaler adherence and inhalation technique. This intervention was shown 

to result in both a decrease in  hospitalizations and total costs from a healthcare providers per-

spective. Optimization of current therapy offers a cost-effective alternative to the addition of 

new medications or therapies.
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The second intervention (Medication Monitoring and Optimization) focused on targeting COPD 

patients at risk. Subsequently, tailored interventions were provided. This intervention showed 

promising effects regarding quality of life and in addition this intervention was cost-saving, due 

to a lower number of exacerbations and associated healthcare utilization. 
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SAMENVATTING

Medicatie voor patiënten met Chronic Obstructive Pulmonary Disease (COPD) kan symptomen 

verbeteren en bijdragen aan het voorkomen van exacerbaties. Echter, bewijs voor de werkzaam-

heid van deze medicatie is vaak gebaseerd op resultaten van gerandomiseerde gecontroleerde 

studies welke niet altijd representatief zijn voor de uiteindelijke gebruikerspopulatie. Een van de 

redenen waarom resultaten verschillen betreft de hoge mate van therapie-ontrouw bij COPD 

patiënten.

Het doel van het eerste deel van deze thesis was het onderzoeken van mogelijke aangrijping-

spunten om therapietrouw bij COPD op een kosten-effectieve manier te verbeteren. Er werd 

aangetoond dat de klinische en economische impact van therapie-ontrouw aanzienlijk is. Ther-

apie-ontrouw is geassocieerd met verhoogde aantallen ziekenhuisopnames en spoedeisende 

hulp bezoeken, verhoogde mortaliteit, verhoogde totale zorgkosten, verlaagde kwaliteit van 

leven en verminderde arbeidsproductiviteit. Een populatie die, met name vanuit een econo-

misch perspectief interessant is, is de werkende populatie. In deze sub-populatie werd aange-

toond dat maatschappelijke kosten zoals verminderde en verloren arbeidsproductiviteit, arbe-

idsongeschiktheidspensioenen en gedolven belastinginkomsten een grotere rol spelen dan de 

directe gezondheidskosten. Een factor die ook gerelateerd is aan therapie-ontrouw is het optre-

den van (oropharyngeale) bijwerkingen, zoals orale candidiasis. Deze thesis laat zien dat orale 

candidiasis met name optreedt in de eerste maanden na start van corticosteroïden therapie, 

echter patiënten bleven een verhoogd risico houden in de 1-jaar follow-up. Inhalatie-instruc-

tie, bij voorkeur jaarlijks herhaald, wordt aangeraden om therapietrouw te verhogen en het 

optreden van lokale bijwerkingen te verlagen. Vervolgens werd de invloed van vergoeding van 

stoppen-met-roken middelen onderzocht. Tijdens jaren dat farmacotherapie (zoals varenicline, 

bupropion) vergoed werd, bleek de therapietrouw significant hoger. Een ander interessant punt 

betreft de keuze van het optimale inhaler. Deze thesis laat echter zien dat een er geen verschil 

is tussen een multiple-dose en single-dose inhaler met het oog op de persistentie van COPD 

patiënten.

Het tweede deel van deze thesis focust op de economische waarde van interventies die tot doel 

hebben om therapietrouw bij patiënten met COPD te verhogen. Omdat veel grote klinische 

studies geen metingen van algemene kwaliteit van leven includeren, werd eerst een model 

ontwikkeld dat uit een gegeven waarde van de Clinical COPD Questionnaire (CCQ) score, de 

corresponderende algemene kwaliteit van leven (gemeten via de EQ-5D) kan voorspellen. De 

resultaten lieten zien dat er conceptuele verschillen zitten tussen de CCQ en de EQ-5D en dat 

‘mapping’ alleen als tweede keus overwogen zou moeten worden indien geen directe EQ-5D 

data beschikbaar is. Ook leek de voorspellende waarde van het model sterk af te hangen van 

de COPD ernst in de populatie.

Vervolgens evalueerde deze thesis de kosten-effectiviteit van verschillende interventies die ther-

apietrouw kunnen verbeteren. De eerste was een geprotocolleerd farmaceutische zorg 
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programma in België dat focuste op het verbeteren van de inhalatie techniek en de therapi-

etrouw. Deze interventie bleek te leiden tot zowel minder ziekenhuisopnames als lagere totale 

gezondheidszorg kosten vanuit het perspectief van de gezondheidszorg-aanbieder. Interventies 

die therapietrouw op de huidige medicatie verbeteren bieden dus een kosteneffectief alternatief 

voor het toevoegen van extra (doses) medicatie of behandelingen.

De tweede interventie richtte zich op het actief opsporen van therapie-ontrouwe patiënten 

behorend tot een risicopopulatie. Deze interventie verbeterde de kwaliteit van leven en was 

kosten-besparend.



216

A

ENHANCING ADHERENCE IN PATIENTS WITH COPD



217

A

TARGETS, INTERVENTIONS AND COST-EFFECTIVENESS

LIST OF PUBLICATIONS

Peer reviewed international publications supporting thesis

JF van Boven, LT de Jong-van den Berg, S Vegter. Inhaled corticosteroids and the occurrence of oral candi-

diasis: a prescription sequence symmetry analysis. Drug Safety 2013; 36(4): 231-236. 

JF van Boven, S Vegter, T van der Molen, MJ Postma. COPD in the working age population: The economic 

impact on both patients and government. COPD 2013;10(6): 629-639. 

JF van Boven, NH Chavannes, T van der Molen, MP Rutten-van Mölken, MJ Postma, S Vegter. Clinical and 

economic impact of non-adherence in COPD: a systematic review. Respiratory Medicine 2014; 108(1): 

103-13.

JF van Boven, E Tommelein, K Boussery, E Mehuys, S Vegter, GG Brusselle, MP Rutten-van Mölken, MJ 

Postma. Improving inhaler adherence in patients with Chronic Obstructive Pulmonary Disease: a cost-ef-

fectiveness analysis. Respiratory Research 2014; 15:66

JF van Boven, JJ van Raaij, R van der Galiën, MJ Postma, T van der Molen, PN Dekhuijzen, S Vegter.

Impact of multiple-dose versus single-dose inhaler devices on COPD patients’ persistence with long-acting 

β2-agonists: a dispensing database analysis. NPJ Primary Care Respiratory Medicine 2014; 24:14069

MR Boland, JF van Boven, JW Kocks, T van der Molen, LM Goossens, NH Chavannes, MP Rutten-van 

Mölken. Mapping the clinical Chronic Obstructive Pulmonary Disease questionnaire (CCQ) onto generic 

preference-based EQ-5D values. Value in Health 2015; 18(2): 299-307

JF van Boven, P Vemer. Higher medication adherence during reimbursement of pharmacological smoking 

cessation treatments. Nicotine & Tobacco Research 2015; DOI: 10.1093/ntr/ntv064

JF van Boven, JC Trappenburg, T van der Molen, NH Chavannes. Towards tailored and targeted adherence 

assessment to optimize asthma management. NPJ Primary Care Respiratory Medicine 2015; 25:15046 

JF van Boven, AG Stuurman-Bieze, EG Hiddink, MJ Postma.Effects of targeting disease and medication 

management interventions towards patients with COPD. Submitted

Other peer reviewed international publications

JF van Boven, PT de Boer, MJ Postma, S Vegter. Persistence with osteoporosis medication among new-

ly-treated osteoporotic patients. Journal of Bone Mineral and Metabolism 2013; 31(5): 562-570.



218

A

ENHANCING ADHERENCE IN PATIENTS WITH COPD

AG Stuurman-Bieze, EG Hiddink, JF van Boven, S Vegter. Proactive pharmaceutical care interventions im-

prove adherence to lipid lowering medication. Annals of Pharmacotherapy 2013; 47(11): 1448-1456. 

JF van Boven, CC Schuiling-Veninga, AG Stuurman-Bieze, MJ Postma, S Vegter. The pharmacists’ potential 

to provide targets for interventions to optimize pharmacotherapy in patients with asthma

International Journal of Clinical Pharmacy 2013; 35(6):1075-1082. 

JF van Boven, A Novak, MT Driessen, C Boersma, MM Boomsma, MJ Postma. Economic Evaluation of 

Ropinirole Prolonged-Release for Treatment of Parkinson’s Disease in The Netherlands. Drugs & Aging 

2014; 31(3): 193-201. 

AG Stuurman-Bieze, EG Hiddink, JF van Boven, S Vegter. Proactive pharmaceutical care interventions de-

crease patients’ non-adherence to osteoporosis medication. Osteoporosis International 2014; 25(6): 1807-

1812. 

S Vegter, P Oosterhof, JF van Boven, AG Stuurman-Bieze, EG Hiddink, MJ Postma. Improving adherence 

to lipid-lowering therapy in a community pharmacy intervention program: a cost-effectiveness analysis 

Journal of Managed Care Pharmacy 2014; 20(7): 722-732

JF van Boven, AG Stuurman-Bieze, EG Hiddink, MJ Postma, S Vegter. Medication Monitoring and Optimi-

zation (MeMO): a targeted pharmacists’ program for effective and cost-effective improvement of chronic 

therapy adherence. Journal of Managed Care Pharmacy 2014; 20(8): 786-792

JF van Boven, M Román-Rodríguez, JW Kocks, JB Soriano, MJ Postma, T van der Molen. Predictors of 

cost-effectiveness of selected COPD treatment across different primary care settings: UNLOCK study pro-

tocol. NPJ Primary Care Respiratory Medicine 2015; 25:15051. 

Peer reviewed (national)

JFM van Boven, EG Hiddink, AGG Stuurman-Bieze, MJ Postma, S Vegter. Structured medication surveil-

lance for improving adherence to bisphosphonate therapy offers perspectives for cost-effective pharmaceu-

tical care [in Dutch]. Pharmaceutisch Weekblad, Wetenschappelijk Platform 2011;5(8): 160-166

JFM van Boven, AGG Stuurman-Bieze, EG Hiddink, MJ Postma, S Vegter. Effects of targeted pharmaceuti-

cal care in patients with asthma and COPD: results of a pilot study [in Dutch] Pharmaceutisch Weekblad, 

Wetenschappelijk Platform 2014;8:a1413

Non-scientific/professional

JF van Boven, E Tommelein, K Boussery, E Mehuys, S Vegter, GG Brusselle, MP Rutten-van Mölken, MJ 

Postma.



219

A

TARGETS, INTERVENTIONS AND COST-EFFECTIVENESS

Het optimaliseren van de farmacotherapie bij patiënten met Chronisch Obstructief Longlijden (COPD) in de 

officina-apotheek: een kosten-effectiviteitsanalyse. Belgisch Farmaceutisch Tijdschrift 2014; 94(3): 15-16

S Vegter, P Oosterhof, JF van Boven, AG Stuurman-Bieze, EG Hiddink, MJ Postma. Therapietrouwbevorder-

ing lipidenverlagers is kosten-effectief. Pharmaceutisch Weekblad 2014; 149(35):30-31

JF van Boven, E Tommelein, K Boussery, E Mehuys, S Vegter, GG Brusselle, MP Rutten-van Mölken, MJ 

Postma. Theapietrouwbevordering COPD bespaart kosten. Pharmaceutisch Weekblad 2014; 149(39):20-

21

Medication Monitoring and Optimization (MeMO): “an evidence-based targeted program for effective 

and cost-effective improvement of chronic therapy adherence” (2014). Report prepared for Health Base 

foundation. Available from: www.healthbase.nl

Book (chapter) 

S Vegter, JFM van Boven, EG Hiddink, MJ Postma. Economische Uitkomsten (Chapter 21) in ‘Handboek 

Farmaceutische Patiëntenzorg’ (editors: prof. dr. J.J. de Gier, prof. dr. M.L. Bouvy, prof. dr A.C.G. Egberts, 

prof. dr. P.G.A.M. de Smet). ISBN: 9709085621263

Conference presentations

FJ van Spronsen, RCA Schellekens, JFM van Boven, JM Maurer, S Muller, A Veldman, G Schwarz, JGW 

Kosterink. Successful treatment of molybdenum cofactor type A deficiency (MoCD-A), a rare fatal meta-

bolic disorder in early infants, with cPMP. Poster presentation at Dutch Medicines Days 2011, Lunteren, 

The Netherlands

JFM van Boven, P Oosterhof , EG Hiddink, AGG Stuurman-Bieze, MJ Postma, S Vegter. Cost-effectiveness 

of improving bisphosphonates adherence for osteoporosis in community pharmacies. Poster presentation 

at 14th European ISPOR congress, 2011, Madrid, Spain. Abstract published: Value in Health 2011; 14(7): 

A310

P Oosterhof, JFM van Boven, EG Hiddink, AGG Stuurman-Bieze, MJ Postma, S Vegter. Cost-effectiveness 

of improving statin adherence for secondary prevention in community pharmacies. Poster presentation 

at 14th European ISPOR congress, 2011, Madrid, Spain. Abstract published: Value in Health 2011; 14(7): 

A379

AGG Stuurman-Bieze, EG Hiddink, EWP Vergouwen, JFM van Boven. Pharmaceutical care interventions, 

initiated by computerized drug prescription monitoring, improve drug compliance of chronic drugs. 

Poster presentation at ESPACOMP 2011, Utrecht, The Netherlands

JFM van Boven,  AGG Stuurman-Bieze;  CCM Schuiling-Veninga; MJ Postma; S Vegter. 



220

A

ENHANCING ADHERENCE IN PATIENTS WITH COPD

Targets for interventions to optimize pharmacotherapy in asthma & COPD patients. Poster presentation 

at ISPE 2012, Barcelona, Spain. Abstract published: Pharmacoepidemiology and Drug Safety, 2012; 21: 

(Suppl. 3): 1–481

JFM van Boven, T van der Molen, MJ Postma, S Vegter. The economic impact of COPD in patients of work-

ing age: Results from ‘COPD uncovered’ The Netherlands.  Poster presentation at 15th European ISPOR 

congress, 2012, Berlin, Germany. Abstract published: Value in Health 2012; 15(7): A562

JFM van Boven. Cost-effectiveness of improving adherence to bisphosphonates in patients with osteoporo-

sis. Podium presentation plenary session at PRISMA symposium 2013, Amersfoort, The Netherlands

MR Boland, JF van Boven, MP Rutten-van Mölken. Mapping the CCQ onto EQ-5D values (im)possible? 

Podium presentation at 16th European ISPOR congress, 2013, Dublin, Ireland. Abstract published: Value in 

Health 2013; 16(7): A329-A330

S Vegter, P Oosterhof, JF van Boven, EG Hiddink, AGG Stuurman-Bieze, MJ Postma. Cost-effectiveness 

of improving statin adherence for primary and secondary prevention in community pharmacies. Poster 

presentation at 16th European ISPOR congress, 2013, Dublin, Ireland. Abstract published: Value in Health 

2013; 16(7): A528

S Vegter, JF van Boven, P Pechlivanoglou, MH Rozenbaum, J Stevanovic, HH Le. Astrological signs and 

health problems; demonstrating the multiple comparisons problem Poster presentation at 16th European 

ISPOR congress, 2013, Dublin, Ireland. Abstract published: Value in Health 2013; 16(7): A477

H Bolks, JF van Boven, P van der Wal, PJ Huige, MJ Postma, T van der Molen. Effects and economic evalua-

tion of an integrated E-health platform for patients with COPD. Poster presentation at 7th COPD ketenzorg 

congres, 2013, Utrecht, The Netherlands

JF van Boven, E Tommelein, K Boussery, E Mehuys, S Vegter, GG Brusselle, MP Rutten-van Mölken, MJ 

Postma. Cost-effectiveness analysis of a pharmacist-led intervention on improving inhaler adherence in pa-

tients with chronic obstructive pulmonary disease. Poster presentation at 19th International ISPOR congress, 

2014, Montreal, Canada. Abstract published: Value in Health 2014; 17(3): A136

JF van Boven, E Tommelein, K Boussery, E Mehuys, S Vegter, GG Brusselle, MP Rutten-van Mölken, MJ 

Postma. Kosten-effectiviteit van geprotocolleerde therapietrouw bevordering bij COPD. Podium presen-

tation at PRISMA symposium 2014, Amersfoort, The Netherlands. Abstract published: Pharmaceutisch 

Weekblad, Wetenschappelijk Platform 2014:8:a1437



221

A

TARGETS, INTERVENTIONS AND COST-EFFECTIVENESS

JF van Boven, P Vemer. Sustainable policy: Higher medication use & adherence during reimbursement of 

pharmacologic smoking cessation treatments. Poster presentation at 17th ISPOR congress, 2014, Amster-

dam, Netherlands. Abstract published: Value in Health 2014; 17(7): A603

JF van Boven, JD Campbell. Cost-effectiveness analysis and modelling in COPD. Workshop at Respiratory 

Effectiveness Group winter summit 2015, Rotterdam, The Netherlands

JF van Boven, AG Stuurman-Bieze, EG Hiddink, MJ Postma. Effect van gerichte interventies bij hoog-risico 

COPD patiënten op klinische- en economische uitkomsten: tussentijdse resultaten. Podium presentation at 

8th COPD ketenzorg congres, 2015, Utrecht, The Netherlands

JF van Boven, M Román-Rodríguez, JW Kocks, JB Soriano, MJ Postma, T van der Molen. Predictors of 

cost-effectiveness of COPD treatment across different primary care settings: UNLOCK study protocol.

Podium presentation at 4th IPCRG scientific meeting, 2015, Singapore Abstract published: npj Prim Care 

Respir Med 2015

M Román-Rodríguez, JF van Boven, F Vargas, C Contreras, G Lamelas, S Gestoso, M Góngora, M Corredor, 

M Esteva. Factors associated with the prescription of inhaled corticosteroids in primary care patients with 

COPD: a cross-sectional study. Podium presentation at 4th IPCRG scientific meeting, 2015, Singapore

Abstract published: npj Prim Care Respir Med 2015

M Román-Rodríguez, M Garcia Pardo, L Gorreto López, A Uréndez Ruiz, JF van Boven. Enhancing the use 

of asthma and COPD assessment tools in Balearic primary care (ACATIB): a regional wide cluster non-ran-

domized controlled trial. Podium presentation at 4th IPCRG scientific meeting, 2015, Singapore

Abstract published: npj Prim Care Respir Med 2015

JF van Boven. Clinical and health economic impact of non-adherence in asthma and COPD

Podium presentation expert panel. Respiratory Effectiveness Group session on adherence during EAACI 

2015, Barcelona, Spain. 

JF van Boven, M Román-Rodríguez, JF Palmer, N Toledo, BG Cosío, JB Soriano. Prevalence of comorbidities 

in patients with asthma-COPD overlap syndrome (ACOS) in primary care. Oral presentation at European 

Respiratory Society congress 2015, Amsterdam, The Netherlands.

Abstract published: European Respiratory Journal 2015



222

A

ENHANCING ADHERENCE IN PATIENTS WITH COPD



223

A

TARGETS, INTERVENTIONS AND COST-EFFECTIVENESS

DANKWOORD/ACKNOWLEDGEMENTS

Dit stuk van het proefschrift wil ik graag gebruiken om een aantal mensen te bedanken die 

hebben bijgedragen aan het tot stand komen van dit proefschrift. 

Allereerst wil ik prof. dr. Dirkje S. Postma, prof. dr. Mario Cazzola en prof. dr. Jacobus R.B.J. Brou-

wers, leden van de leescommissie, bedanken voor het kritisch beoordelen van dit proefschrift. 

Ten tweede, Martijn Wolf, dank voor de fantastische cover en lay-out van deze thesis.

Verder wil ik u graag meenemen langs de weg en de mensen die hebben geleid tot dit boekw-

erk. Tijdens mijn studie farmacie had ik nog weinig idee wat ik na mijn studie wilde doen, echter 

onderzoek doen in ieder geval niet. Toch moest ik tegen het einde van mijn studie op zoek 

naar een interessant afstudeer-onderzoek en ik had bedacht dat dat bij Farmaco-Economie zou 

moeten plaatsvinden. Niet heel verrassend als zoon van een arts en een econoom…

Prof. dr. M.J. Postma, beste Maarten, toen ik bij jou aanklopte legde je me een tiental mogelijke 

onderzoeken voor waarvan de meeste uiteraard gerelateerd aan jouw specialiteit: de kosten-ef-

fectiviteit van vaccins. Ik koos echter voor het enige niet-vaccin gerelateerde onderzoek. Toch 

gaf je mij alle vrijheid en vertrouwen bij dit onderzoek, wat tekenend is voor de manier waarop 

jij leiding geeft aan de vakgroep. Ik voelde me al snel op mijn plaats in deze groep en was na 

afloop dermate enthousiast dat ik graag een vervolg wilde geven aan het onderzoek en ik ben 

je daarom erg dankbaar dat jij mij die mogelijkheid hebt geboden. Ik heb het al eens eerder in 

een proefschrift van één van jouw promovendi gelezen, maar ik wil graag beamen dat de vri-

jheid en mogelijkheden die jij je promovendi geeft, bij mij in ieder geval, leiden tot een grotere 

werkvreugde, meer persoonlijke ontwikkeling én een grotere wetenschappelijke output. Los 

van het werk delen we ook de passie voor sport. Naast een aantal mooie wedstrijden bij de FC, 

hoop ik jóu ooit nog eens alle hoeken van de squashbaan te laten zien. Maarten, bedankt voor 

deze fantastische periode en ik hoop de komende tijd mijn onderzoek op de afdeling te kunnen 

voortzetten.

Prof. dr. T. van der Molen, beste Thys, toen Maarten mij met jou in contact bracht voor mijn 

eerste COPD publicatie merkte ik al gauw jouw gedegen kennis van COPD uitkomsten onder-

zoek. Ook wist jij de insteek van de publicaties vaak zo te formuleren dat het direct interessant 

zou zijn voor het klinisch veld. Jij was ook degene die internationaal goede contacten in de 

respiratoire wereld had en dus kon ik via een gezamenlijk bezoek aan Palma, een aantal maan-

den op Mallorca aan het laatste deel van mijn onderzoek werken: een zeer inspirerende, leuke 

en leerzame periode! Ik ben dan ook erg blij dat jij in de loop van mijn promotie mijn tweede 

promotor werd. Bedankt!

Dr. S. Vegter, beste Stefan, jij begon als mijn dagelijkse begeleider bij mijn afstudeer-onderzoek 

en al snel daarna was duidelijk dat jij die rol bij mijn promotie zou overnemen. Je regelde meteen 

dat ik op dezelfde kamer tegenover jou kwam te zitten (sorry daarvoor Mark). En dat heb je 

geweten, in positieve zin, denk ik, want jij was betrokken bij vrijwel alle publicaties en je was 

dan ook vaak mijn eerste vraagbaak als ik er even niet uitkwam met Excel, IADB of R. Ik denk 
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dat we samen een mooie draai hebben gegeven aan onze eigen therapietrouw onderzoekslijn. 

Je bent een zeer bekwaam onderzoeker en ik heb ook grote bewondering voor je veelzijdigheid 

in onderzoek, onderwijs en nu ook industrie. Stefan, bedankt en succes in je verdere vast erg 

mooie carrière.

Naast de eerder genoemde personen, heb ik tijdens mijn onderzoek het genoegen gehad te 

kunnen samenwerken met een aantal zeer bekwame en inspirerende mensen.

Mis colegas y amigos en Mallorca, en primer lugar dr. Miguel Román-Rodríguez y por supuesto 

también los doctores Joan Soriano, Joan Llobera y Borja Cosío: Muchas gracias por invitarme 

a Mallorca y por todos los grandes momentos. Estoy muy agradecido por un tiempo increíble. 

Espero que podamos colaborar más en el futuro próximo.

Beste Eric Hiddink en dr. Stuurman-Bieze, beste Ada: Ik noemde jullie vaak in een adem, dus 

vandaar ook hier jullie gezamenlijke plek. Jullie zijn degenen die mijn enthousiasme voor prak-

tijk gerelateerd therapietrouw onderzoek hebben aangewakkerd. Ada, door jouw jarenlange 

ervaring als openbaar apotheker wist je mij op de hoogte te houden van alles wat er op de 

apotheekvloer speelde. Eric, door jouw kennis van bedrijfsvoering, management en de laat-

ste ontwikkelingen van beleid bij zorgverzekeraars wist jij het onderzoek precies de relevante 

richting op te sturen. Uiteraard ook dank voor je inspanningen voor het rondkrijgen van de 

financiering voor de MeMO-COPD studie. Gezamenlijk hebben we de MeMO methode inter-

nationaal op de kaart gezet, getuige het meer dan half dozijn aan publicaties.

Prof. dr. L.T.W. de Jong-van den Berg, beste Lolkje: Op de valreep voor je emeritaat was jij 

betrokken bij mijn eerste internationale publicatie. Dank voor je input en enthousiasme. Ook 

erg geestig om erachter te komen dat jouw carrière pad op mijn leeftijd zoveel overeenkomsten 

had.

Prof. dr. Rutten-van Mölken, beste Maureen: Bij onze eerste ontmoeting op het ISPOR congres 

in Berlijn zei je al dat we elkaar vaker zouden tegenkomen. Dat is gebeurd, en wel met enkele 

mooie gezamenlijke publicaties. Jouw expertise op het gebied van COPD kosten-effectiviteits 

onderzoek is ongeëvenaard. Ik heb veel van je geleerd en was blij dat jij zo nauw betrokken 

was bij mijn onderzoek.

Prof. dr. Chavannes, beste Niels: Toen we elkaar spraken op het COPD symposium in Utrecht 

merkte ik meteen jouw passie voor het eerstelijns COPD onderzoek. Ik kwam altijd vol inspiratie 

terug na één van onze brainstormsessies bij de LAN, tijdens IPCRG-Singapore of in Leiden. 

Bedankt voor de samenwerking bij verschillende projecten. Ik hoop dat we deze samenwerking 

kunnen doorzetten bij o.a. FRESH AIR.

De onderzoeksgroep van de Universiteit Gent: Beste prof.dr. Koen Boussery, prof.dr. Guy Brus-

selle, dr. Els Mehuys en beste Eline. Ik had jullie presentatie op het PRISMA symposium bijna 

gemist en daarmee de mooie samenwerking bij het PHARMACOP-project misgelopen welke 

heeft uitgemond in een zeer mooie ‘echt’ internationale publicatie. Het bezoek aan de Univer-

siteit Gent heeft daar zeker aan bijgedragen. Dank voor de samenwerking en Eline succes met 

de afronding van je PhD.
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Dr. Kocks, beste Janwillem: Jij was één van de drijvende krachten bij het tot stand komen van 

de CCQ-QALY studie. Dank voor het bij elkaar brengen van Groningen-Leiden-Rotterdam met 

een mooie publicatie als resultaat. Ook dank voor het helpen opzetten van de UNLOCK-studie 

en de IADB-AC-dienst koppeling. Ik hoop onze Groningse samenwerking voort te zetten.

Melinde, toevallig dat we tijdens onze promotie beide onafhankelijk begonnen met de mapping 

studie en ik ben blij dat we onze krachten hebben gebundeld voor dit onderzoek. Succes met 

je promotie!

Daarnaast wil ik mijn directe collega’s bedanken, waarbij uiteraard mijn (oud)kamergenoten. 

Petros, malaka, it was great fun to work with you, even after you were gone your statistical 

spirit was still wandering through our room. Thanks for hosting me in Toronto! Hoa, you al-

ways made me laugh with your constant American swearing and your obsession for the Dutch 

mustard soup. The Red Sox game in Boston was awesome! Jelena, respect for surviving as the 

only and first lady in our men-jokes-dominated room. Pepijn, mooi dat we onze expertise van 

stoppen-met-roken en therapietrouw konden samenvoegen in een publicatie. Eva, succes met 

jouw promotie.

De Bachelor en Master studenten die hebben bijgedragen aan mijn onderzoek: Pieter, mooi 

bisfosfonaten project, nu collega, succes met jouw promotie. Joost en Ruben: bedankt voor het 

IADB werk in jullie bachelor project dat heeft uitgemond in een prima publicatie. 

Verder dank aan alle overige (ex)FE2/FT/FPZ collega’s.

Daarnaast wil ik enkele mensen bedanken die niet direct hebben bijdragen aan het onderzoek, 

maar wel belangrijk zijn geweest tijdens mijn promotie.

Rein: Na de vele jaren dat we elkaar al kennen was er maar één persoon die sowieso naast mij 

moest staan bij mijn promotie en dat ben jij.  Als eerste samen aangekomen in Groningen en als 

laatste der Mohikanen in Groningen gebleven. Mooi, die eeuwige discussies die we over van 

alles en nog wat konden voeren op de vrijdagmiddag/avondborrels in Grunn en zelfs op Cuba. 

Ik wacht nog steeds op de eerste Den Ouden RF et al. 

Als Noordeling was het contact met de Zevenaar-boys wat minder frequent, maar toch dank 

voor o.a. het mooie weekendje Stuttgart. Reef, you’re next!

Ebian, Wâtse, René, Sophie, Lotte en Floor: Erg mooi, dat periodiek inter-collegiaal ‘overleg’ in 

Amsterdam, op het IJsselmeer of in Groningen. Apollo-netwerk is er niks bij.

De (oud)studentikoze gezelligheid van Bock, Jerom en POC: Vooral in het eerste jaar als PhD 

student zweefde ik nogal eens tussen het werken en studeren in en gelukkig boden jullie mij 

ook de mogelijkheid om van dat studeren af en toe nog eens vol als ‘echte student’ te genieten, 

zijnde het in Brazilië, Praag, Mallorca of gewoon in Nederland.

Daarnaast GHBS heren 4: Boys, hockey was een heerlijke wekelijkse ontspanning, even weg uit 

de wetenschap...en toch ook niet. Gelukkig had ons team ook enkele niet-doctoren om tijdens 

hockey (en vooral daarna) de nodige medisch-wetenschappelijke discussies te ontlopen.

Verder mijn familie: Dank voor jullie interesse en regelmatige bezoekjes aan Groningen. Pap, 

mam, jullie hebben me van huis uit een solide basis gegeven en hebben mij tijdens mijn studie 
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altijd ten volle gesteund. Jullie boden me ‘the best of both worlds’ zowel op persoonlijk vlak 

en opvoeding, als nu in mijn onderzoek. Thea en Maaike, leuk dat jullie ook zo enthousiast zijn 

over onderzoek doen, ik hoop dat jullie een mooie promotieplek kunnen vinden! 

En uiteraard, last but not least, heel clichématig: Gwen. Gelukkig hebben we nu weer (meer) 

tijd om samen vino’s te drinken, lekker te eten, te reizen, te filosoferen over alles wat ons bezig 

houdt, de wetenschap of nieuwe onontdekte landen, en te leven als ware levensgenieters. Als 

er een iemand is aan wie ik veel dank verschuldigd ben, ben jij het wel. Jou acht maanden alleen 

laten: never again!
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