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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)
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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 



169

8

TARGETS, INTERVENTIONS AND COST-EFFECTIVENESS

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.
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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
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