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Summary 

The growing age and multimorbidity of today’s society are driving factors for polypharmacy. 

Polypharmacy is commonly defined as the concurrent use of over five prescribed medications. The 

prevalence of patients with polypharmacy rises in parallel to the demographic development and occurs 

in around 20% of the primary and secondary care population in Switzerland. Whereas in secondary 

care medications are delivered by health-care professionals, the correct and safe medication 

administration relies on the patient’s capabilities in primary care. The patient’s capabilities often do 

not meet the demands of a complex therapy regimen, and especially within the population of older 

patients with polypharmacy, impaired medication self-management leads to medication errors, non-

adherence, and adverse health outcomes. 

Adherence is defined as ‘the extent to which a person’s behavior – taking medication, following a diet, 

and/or executing lifestyle changes, corresponds with agreed recommendations from a health care 

provider’. Typical adherence rates to oral medication range from 50-76%. Two types of non-adherent 

behavior are distinguished: intentional non-adherence is the patient’s active decision to alter the 

treatment plan without feedback to the prescriber, and unintentional non-adherence is the inability 

of the patient to follow the prescribed treatment plan. Non-adherence has been associated with 

various adverse health outcomes such as medication resistance, adverse drug events, and impaired 

quality of life, leading to increased morbidity and mortality. The overall productivity loss, increased 

healthcare utilization, and increased medication waste result in a huge economic burden for 

healthcare systems all over the world. Globally, estimations of health related expenditures that could 

be avoided by improved adherence range from U$172 billion to U$371 billion. This problem also affects 

European countries including Switzerland. Effective adherence-enhancing interventions were 

suggested to have a far greater impact on the health of the population than any improvement in 

specific medical treatment and the costs generated through increased medication use and adherence-

enhancing intervention programs are suggested to outweigh the expenses. Manifold interventions 

have been investigated to enhance adherence, though the evidence remains scarce and the effect on 

adherence and economic, clinical and humanistic outcomes moderate. Persistent criticism concerns 

the poor methodological quality, the large heterogeneity of the results, the missing of long-term 

outcomes, the small size of the study populations and the short study durations of the studies 

investigating adherence-enhancing interventions. Most promising interventions contained behavioral 

and repetitive elements and were usually complex. However, complex interventions are doubted to 

be implementable in daily clinical practice. 
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Dose-dispensing aids are plastic boxes containing a number of compartments filled with solid, oral 

medication for specific dosing times, which have been widely distributed to primary care patients to 

support medication self-management, i.e., the independent correct and safe administration of 

medication. They can be easily implemented in daily practice and their use is simple and cheap. Various 

authors have suggested dose-dispensing aids to enhance adherence in unintentionally non-adherent 

patients with polypharmacy by optimizing medication self-management. Previous reviews attributed 

a moderate effect of dose-dispensing aids in improving adherence and clinical outcomes, but declared 

the evidence insufficient to state firm conclusions. Multidrug punch cards constitute a special kind of 

dose-dispensing aids consisting of disposable frame cards with plastic compartments, sealed with a 

foil backing and typically providing 28 compartments for all oral solid medications of a patient 

according to a prescribed dosing regimen. In Switzerland, community pharmacies fill and distribute 

multidrug punch cards with the support of a specific software. Dose-dispensing service (i.e., the 

repackaging of solid oral medication by a health-care provider) is reimbursed by the health insurances 

with CHF 21.60 per week, if the patient has a prescription for over three different medications per 

week and for a dose-dispensing aid. 

Adherence measures encompass subjective methods, such as patient self-report, and objective 

methods, such as pill count and electronic measurement. Measurement of adherence to polypharmacy 

has long been difficult due to several limitations. For example, the most commonly used electronic 

adherence measurement method, the Medication Event Monitoring System (MEMS®), can only 

package and monitor one single medication. With the availability of POlypharmacy Electronic 

Monitoring System (POEMS), the situation changed: POEMS is an adhesive polymer film with printed 

electric circuitries and a RFID chip collecting real time data, which can be flexibly adjusted to fit the 

back of a multidrug punch card. Affixed like this, POEMS records date, time and location of the 

medication removal of a whole therapy regimen and thus is able to electronically monitor adherence 

to polypharmacy. 

The goal of this thesis was to investigate the effect of the multidrug punch card use on adherence and 

patient-relevant outcomes in primary care. We approached this goal through the mapping of the 

existing evidence on dose-dispensing aids, exploring the status quo of community pharmacy practice 

and multidrug punch card use by primary care patients, and by developing a randomized controlled 

trial testing the intervention of electronic multidrug punch card use and feedback on electronic dosing 

histories. 

PROJECT A1 was designated to outline the evidence of dose-dispensing aids in adherence-enhancing 

interventions and to identify research gaps. For this purpose, we chose the methodology of evidence 



13: 
SUMMARY  

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

mapping, including all prospective controlled trials with an intervention using dose-dispensing aids for 

patients independently administering medication, and reporting adherence or economic, clinical, or 

humanistic outcomes. Ten randomized controlled trials, nineteen controlled clinical trials, and one 

cohort study were included in the analysis. Overall, dose-dispensing aids had a positive but moderate 

effect, significantly improving adherence in 17 (57%) and clinical outcomes in 10 (33%) studies. The 

methodological quality was strong in five studies and two studies provided complete information of 

intervention elements, which limited the evidence and the replicability in clinical practice. Evidence 

gaps concerned economic and humanistic outcomes, safety issues, long-term, disease-unspecific, and 

generalizable clinical outcomes, and clinical effects on multimorbid populations with polypharmacy. 

These results provided a rationale for our research. 

In the next step of the thesis, PROJECT B1, we explored the daily practice of community pharmacies in 

the nature and extent of adherence counseling. One master student in Pharmacy observed patient 

contacts at 20 community pharmacies and manually recorded counseling on a checklist. At the end of 

the observation, pharmacists were interviewed on triggers, topics, and barriers of adherence 

counseling. During the 1’476 observed patient contacts including the dispensing of more than one 

medications, counseling was provided to 799 (54.1%) patients, predominantly about administration, 

dose, and effect. Adherence counseling was provided to only 99 (6.7%) patients and mainly by 

pharmacists. However, all except one of 33 pharmacists stated to approach patients actively for 

adherence counseling. This discrepancy could be explained by the discordant definition of adherence 

counseling: while pharmacists mostly named implicit topics (e.g., administration, dose), our definition 

was more explicit (e.g. direct addressing of adherence, providing adherence support). The pharmacists 

stated structural (e.g., lack of education, rejection by patients) and procedural (e.g., time constraints, 

a lack of privacy area) barriers to adherence counseling indicating an implementation problem of 

research into daily practice. 

The following evaluation of the status quo concerned the multidrug punch card production and 

distribution in the community pharmacy and their use by primary care patients. In PROJECT B2, we 

mailed a survey to all 51 community pharmacies providing multidrug punch cards of the most common 

brand in Switzerland. At a response rate of 76%, pharmacies reported to provide 1’869 patients with 

multidrug punch cards, predominantly nursing home patients (1’402, 75%) and in 14% of the cases 

primary care patients. Thirty (75%) pharmacies recommended multidrug punch cards actively to 

primary care patients with a success rate of 31%. Triggers for recommendation encompassed 

polypharmacy, suspected non-adherence, increased age, inability of medication self-management, 

and hospital discharge. The dose-dispensing service fitted well in the community pharmacies’ daily 

practice, being cost-covering and acquiring additional value. Pharmacists estimated an adherence rate 
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of 93% for their primary care patients using the multidrug punch card, and assumed them to be 

satisfied with the device. 

We confirmed this view by a mixed methods study with primary care patients using multidrug punch 

cards in daily life in PROJECT B3. We combined quantitative and qualitative interviews in an explanatory 

way to investigate the acceptability, ease of use, preferences, and impact on adherence. Twenty-one 

community pharmacies in the region of north-western Switzerland recruited primary care patients 

using multidrug punch cards from a total of 149 patients, of which 22 and 11 patients participated in 

the quantitative (per telephone) and in the qualitative interviews (face-to-face), respectively. We were 

able to describe the characteristics of an independent primary care patient accepting to use multidrug 

punch cards as age over 70 years; low education grade; being retired; living alone; preference for 

tidiness, rituals, and daily routines; inability or reluctance to leave home; and motivation to lead a 

healthy life. All 33 patients considered adherence as very important and reported a median score of 

10 on a visual analog scale ranging from 0 (= no intake) to 10 (= perfect adherence). Emerging key 

variables for adherent behavior were personal experience (i.e. either negative clinical experience in 

case of non-adherence or clinical benefits in case of adherence) and trust in health-care professionals. 

The absence of package inserts and handling difficulties, reported as risk of dose-dispensing aid use 

for impaired medication safety, were not perceived as problems by the patients in our study. Rather, 

our results support the assumption that unintentionally non-adherent patients might substantially 

benefit from the packaging of their polypharmacy into multidrug punch cards. 

Finally, including the experiences and results of the preceding projects, we developed a randomized 

controlled trial to investigate the effectiveness of electronic multidrug punch cards in connection with 

feedback on electronic dosing histories to improve adherence and patient-relevant outcomes in a 

primary care population of various ages and different clinical conditions after hospital discharge. In 

PROJECT C1, we conducted a pilot study to assess and optimize the feasibility, efficiency, and quality of 

the study structures and procedures. 

At the University Hospital Basel, we screened the patient records of an internal medicine’s ward for 

eligible patients. Recruitment and assessment of baseline parameters were performed at bedside. All 

patients received medication counseling and an individualized medication plan prior to hospital 

discharge. Patients randomized to the intervention group received their oral solid medication 

packaged in an electronic multidrug punch card and regular feedback on their electronic dosing 

histories by a study pharmacist at the study pharmacy. Patients allocated to the control group received 

their medication from the community pharmacy of their choice. Follow-up visits were carried out at 

the study pharmacy at three, six, and twelve months after discharge. Primary outcomes were time to 
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hospital readmission and major adjustment of drug therapy and adherence calculated from pharmacy 

claims (medication possession ratio). Secondary outcomes were adherence according to patient self-

report and POlypharmacy Electronic Monitoring System data, quality of life, and patient satisfaction. 

The evaluation of the pilot study was developed according to the ‘Planning-Evaluation-Cycle 20’ and 

was based on Donabedian’s evaluation model of quality of care. 

Within nine months of the pilot study, we recruited ten patients and only one patient accepted the 

use of multidrug punch cards. No patient was readmitted to hospital during the follow-up period. One 

major adjustment of drug therapy occurred in the intervention patient, but could not be explained 

with an adherence problem. According to POEMS data and self-reported adherence, he was perfectly 

adherent. The control patients showed maximal adherence rates as well, by patient self-report and 

medication possession ratio. Quality of life remained relatively stable at an average value compared 

to a general population in both treatment groups. In the control group, all patients reported to use a 

system or strategy to manage their polypharmacy, with which they were very satisfied. However, one 

younger patient integrated fully in work life and dealing with polypharmacy for the first time after 

index hospitalization was interested in adopting a multidrug punch card after the completion of the 

study.  

The results of the intervention patient were further explored in PROJECT C2. This was to our knowledge 

the first case of long-term adherence monitoring of polypharmacy integrated in a pharmaceutical care 

service. The patient maintained perfect adherence according to all adherence measures and was 

clinically stable through the whole study period. The stability in quality of life and the gain of 

confidence with medication self-management might have been the result of successful disease 

management by the intervention. The patient was very satisfied with the multidrug punch card use, 

wishing to continue the service after completion of the study. No harms or adverse event could be 

associated with the intervention. 

The evaluation of the pilot study showed that the study design was feasible, but lacked efficiency and 

quality. The university hospital and the study pharmacy provided excellent infrastructure and working 

atmosphere. Patient satisfaction with the study procedures was high. Major inadequate points were 

the high exclusion and rejection rates, the inadequate time management, the vague task assignment 

within the study team, and the poor communication within the study team. The internal medicines’ 

ward turned out not to accommodate the target population for multidrug punch card service, since 

recruitment of an adequate number of patients predominantly failed because of the characteristics 

and preferences of the eligible patients. The poor quality of the study in the hospital phase was 

basically technical in nature and could be adjusted easily. In the primary care phase, the poor 
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communication with the community pharmacies, the induction of a potential bias by medication 

counseling at the follow-up assessments, and technical difficulties with the POEMS diminished the 

study quality. The evaluation of the pilot study pointed out important barriers for successful study 

performance and hence proved beneficial.  

In conclusion, this thesis showed the following: 

 Research gaps and poor methodological and reporting quality precluded a firm conclusion about 

the evidence of dose-dispensing aids in improving adherence and economic, clinical, and 

humanistic outcomes, and provided a rationale for future research. 

 Structural and procedural barriers (e.g. lack of public acknowledgement of the pharmacists’ 

competences, time mismanagement) hinder pharmacists to adequately deliver explicit adherence 

counseling. 

 Multidrug punch card service is well integrated in daily practice of Swiss community pharmacies, 

however, its provision for primary care patients is limited. 

 A specific group of primary care patients reports to benefit from multidrug punch card use, i.e., 

patients of the age of over 70 years, low education grade, living alone, appreciation for tidiness 

and daily routines, trust in health-care professionals, fidelity to pharmacy, and motivation for a 

healthy lifestyle and medication adherence. Emerging key variables for accepting multidrug punch 

card use and for perfect medication adherence were trust in health-care professionals and the 

patient’s experiences.  

 A pilot study investigating the effectiveness of electronic multidrug punch cards in primary care 

patients failed in recruitment of an adequate number of patients because of poor efficiency and 

quality of the study structures and procedures.  

 Six patients discharged from the internal medicine’s ward without any further intervention than a 

discharge counseling maintained perfect adherence, stability of clinical condition, and quality of 

life over one year. 

 One patient receiving the intervention of the electronic multidrug punch card combined with 

recurrent feedback on his adherence behavior showed maintenance of perfect adherence, stability 

of clinical condition and quality of life, gain in confidence of medication self-management, and 

satisfaction with the device. No harms could be associated with the use of electronic multidrug 

punch cards. 

 Prototypes of the POlypharmacy Electronic Monitoring System (POEMS) were easy to apply and 

well accepted by the intervention patient. However, drawbacks in the technology’s functionality 
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and specificity weakened the quality of our results and have to be addressed in future 

development. 

 Our recommendations for practice are: 

o To overcome structural and procedural barriers for patient-centered counseling e.g., by 

promotion of the pharmacist’s role by public information and advertisement, intensification 

of clinical pharmacy education, and reorganization of pharmacy accommodations and staffing. 

o To actively address medication self-management and non-adherence at patient contacts and 

to include the patient’s experiences, believes, and habits into counseling, respecting the 

patient’s preferences and life-style. 

o To establish trust of the patient to the health-care provider and to promote the patient’s active 

involvement in decision making. 

o To actively recommend multidrug punch cards to primary care patients with polypharmacy 

with regard to their capabilities, needs, and necessities, emphasizing the advantages of 

facilitation of medication self-management and increased medication safety.  

o To ensure continuous care by embedding dose-dispensing service in a pharmaceutical care 

framework. 

o To tailor interventions for non-adherent patients by e.g. a. screening of adherence pattern; b. 

selection of an appropriate intervention; and c. monitoring of outcomes. 

o To introduce the POEMS technologies to clinical practice for, e.g. diagnosis or pharmaco-

vigilance questions. 

 Our recommendations for future research encompass: 

o To identify further patient groups who accept multidrug punch cards and benefit from their 

use. 

o To develop guidelines for the delivery of tailored adherence support. 

o To reconsider the exclusion of adherent patients for clinical trials investigating the effect of an 

adherence-enhancing intervention. 

o A subsequent randomized controlled study on the effectiveness of multidrug punch cards 

could be optimized by  

 A well-instructed, adequately sized study team 

 Sufficient communication between all collaborators 

 Integration into clinical practice (e.g. physicians assisting recruitment at the ward and 

community pharmacies assisting in delivering the intervention) 

 Availability of sufficient, functioning electronic measurement material 
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 Locations enabling the recruitment of an adequate number of the target population (e.g., 

a rehabilitation center, community pharmacies). 

o To develop studies focusing on adherence-enhancing strategies with larger, multimorbid 

populations, measuring patient-relevant outcomes, and use of standardized adherence 

measures to enable comparison and generalization. 
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General introduction 
 

Polypharmacy and medication self-management 
“What constitutes ‘too many’ drugs is a prescribing dilemma, and choosing the best interventions 

aimed at ensuring appropriate polypharmacy is a challenge for all prescribers and health care 

organizations but particularly in general practice.“ 1 

Polypharmacy constitutes both, a blessing and a curse for the well-being of our society. Accordingly, it 

can be categorized into appropriate polypharmacy and problematic polypharmacy 1. The term 

polypharmacy refers to the ‘concurrent use of multiple medication items by one individual’ 1 and is 

defined either by the number of medications prescribed to an individual patient (usually over 5 or over 

10 different medications), or by appropriateness of prescribing 1-3.  

The beneficial effect of polypharmacy is acknowledged through the evidence of successful treatment 

of several clinical conditions, e.g., hypertension, diabetes mellitus, and human immunodeficiency virus 

(HIV) infection. The co-existence of multiple conditions makes it even indispensable. Appropriate 

polypharmacy occurs, when medication is prescribed according to best evidence and when its use has 

been optimized. Problematic polypharmacy occurs when the prescription is inappropriate and the 

benefit is outbalanced by risks. Polypharmacy has been associated with a substantial number of 

adverse outcomes including prescribing errors, high-risk prescribing, medication errors, adverse drug 

reactions, drug-drug interactions, non-adherence, increased geriatric syndromes (falls, unhealthy 

nutrition, urinary incontinence etc.), increased use of health care services, increased hospitalization 

rates, and increased morbidity and mortality 4-11. A Dutch study found that among 5.6% of patients 

experiencing medication related hospitalization, non-adherence and polypharmacy belonged to the 

major determinants of preventable hospital admissions 12, whereas both factors are known to be 

strongly interrelated 13,14. Incorporating the patient’s perspective reveals the pill burden, which 

strongly affects their quality of life, by interfering with daily activities and social life 15-17.  

Today, we find ourselves in a society of increasing age and multimorbidity, which are driving factors 

for polypharmacy. In Switzerland, the proportion of the over 65 year-old population increased from 

5.8% in 1900 to 17.4% in 2012 (Figure 1) 18 and the overall proportion of multimorbid patients was 

14.5% in 2012. The prevalence of multimorbidity rises with age (CH: 60-69 years: 25.8%, 70-79 years: 

33.6; 80-89 years: 37.7%) 19 and occurs in most patients with a long-term condition 20. However, the 

absolute number of multimorbid patients appears to be substantially higher in younger patients under 

65 years old 20, reflecting a highly multimorbid society.  
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Figure 1. Demographic change from 1900 to 2012 in Switzerland according to the federal office for statistics 

(men: left; women: right) 18. 

 

Due to these demographic changes, polypharmacy affects a vast proportion of the population in many 

countries, and is common in primary and secondary care 1,21-23. The proportion of the Swiss primary 

care population over 18 years with zero, one to four, and over five different medications filled in a 

quarter year were 52.2%, 31.1%, and 16.7%, respectively 24. In the age group of over 65 years, this 

distribution altered considerably with 21.5% filling zero, 37.4% filling one to four, and 41.2% filling over 

five medications 24. Twenty-one percent of these medications were determined inappropriate 

according to the PRISCUS list 25 and the Beers criteria 26. In a European comparison of the prevalence 

of polypharmacy in secondary care, Switzerland scored highest with a proportion of 21% elderly 

patients taking ten or more prescribed medications at hospital admission 23. Further, the number of 

medications usually again increases from hospital admission to discharge 27,28 with the consequences 

of confusion and non-adherence in discharged patients 29.  

Society more and more depends on the autonomous living of old and multimorbid patients and health 

policy increasingly encourages a development towards early hospital discharges in many countries, 

including Switzerland 1,30. This corresponds to the preferences of elderly patients with polypharmacy 

to maintain control and independency 31,32. Therefore, the primary care sector is especially charged, 

relying on the appropriate medication self-management of the patients. In this thesis, medication self-

management refers to the cognitive and physical ability of the patient to self-administrate medication 

according to a prescribed regimen 31,33. Studies showed that medication self-management was 
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remarkably impaired in older patients, leading to medication errors and thereby constituting 

problematic polypharmacy 34,35. 

Medicines optimization is an approach to ensure appropriate polypharmacy, setting medication use 

into a broad field from medication selection until the actual use 1. Evidence-based decision-making, 

active patient engagement, and professional collaboration are central elements of this approach and 

coincide with the concept of patient-centered care. Under these aspects, strategies for optimizing 

polypharmacy can be delivered by the community pharmacy and may comprise the assessment of the 

patient’s expectations and resources, the careful review of medications for appropriateness, the 

reduction of the number of inappropriately prescribed medication, as well as the support of the 

patient’s medication self-management 36. A comprehensive World Health Organization (WHO) report 

on adherence to long-term therapies asserts that there is ‘ […] strong evidence that suggests that self-

management programs offered to patients with chronic diseases improve health status and reduce 

utilization and costs’ 37.  

This thesis aimed at the optimization of medication use to reach appropriate polypharmacy through 

effective support of the patient’s medication self-management by pharmaceutical care services. 

Pharmaceutical care 
Medication management services are understood as the multidisciplinary support of the patient’s 

medication use by in ensuring its appropriateness, effectiveness, safety, and the ability and willingness 

of the patient to execute the medication plan as intended 38. Pharmaceutical care constitutes the 

professional practice of the pharmacist delivering patient-centered medication management services 

and thereby assuming responsibility for clinical decision-making. The current definition published by 

the Pharmaceutical Care Network Europe is: 

“Pharmaceutical care is the pharmacist’s contribution to the care of individuals in order to optimize 

medicines use and improve health outcomes.” 39 

The activities of pharmaceutical care involve the detection, resolution, and monitoring of actual and 

potential drug-related problems (Figure 2). A drug related problem is ‘an event or circumstance 

involving drug treatment that actually or potentially interferes with the patient’s experiencing an 

optimum outcome of medical care’ 40. This includes non-adherence, which can be evaluated at the 

community pharmacy during medication review, out of the refill history, in direct conversation with 

the patient or by monitoring of clinical outcome parameters, e.g., blood pressure, LDL-cholesterol. Part 

of the goal of pharmaceutical care is an optimal medication adherence, and the intervention to support 

it falls into the professional responsibility of the pharmacist. 
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Figure 2. The pharmaceutical care process adapted from Cipolle et al. 38 and Hersberger et al. 41. 

 

In 2011, the WHO and the Fédération Internationale Pharmaceutique (FIP) updated a joint publication 

on guidelines for Good Pharmaceutical Practice (GPP) specifically requiring the pharmacist to take an 

active role in patient-centered care and defining the core of GPP as ‘to help patients to make the best 

use of their medicines’ 42. The FIP further highlighted the important role of the pharmacist in assessing, 

addressing and improving medication adherence 43. Pharmaceutical care services delivered by 

community pharmacies were shown to significantly improve adherence 44-50. Recent Cochrane reviews 

even confirmed the pharmacists’ cognitive services to contribute beneficially to safe an effective 

medication use 51,52. 

Medication adherence 
The rational use of medication includes appropriate prescribing AND full adherence to prescriptions 37. 

Various models have tried to describe the patients’ behavior of medication taking, e.g., the Health 

Belief Model 53 , the Theory of Planned Behavior 54, and the Transtheoretical Model of behavior change 

55. The WHO defines adherence as follows: 

Adherence is “the extent to which a person’s behavior – taking medication, following a diet, and/or 

executing lifestyle changes, corresponds with agreed recommendations from a health care provider.” 37 
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This definition embraces the whole process of therapeutic actions, from the seeking of medical advice 

to the actual intake of medication. An important point within this definition is the term agreed because 

it highlights the active participation of the patient in the prescribing process. The concept of adherence 

awards the patient’s own will and capability to initiate and implement a prescribed medication plan. 

In fact, it is now widely acknowledged that a therapeutic intervention will only be successful if the 

patient is involved in the clinical decision making 37.  

This definition also coincides with optimization of medicine taking and the model of patient-centered 

care discussed above, where a partnership between the patient and the health care professional draws 

on the capabilities of both to assess barriers, find solutions and plan follow-up on adherence. Despite 

adherence being the subject of a vast number of publications, this patient behavior is still poorly 

understood. The focus of this thesis lies in adding a contribution to the knowledge of medication 

adherence of primary care patients to polypharmacy. 

Factors and models of adherence 
“Despite evidence to the contrary, there continues to be a tendency to focus on patient-related factors 

as the causes of problems with adherence, to the relative neglect of provider and health system-related 

determinants.“ 37 

Adherence is a complex behavior requiring many of the patient’s resources, i.e. physical and cognitive 

ability, organizational skills, mobility etc., but also is dependent on four further dimensions. These 

dimensions group social/economic, health system / healthcare team, condition related, and therapy 

related factors (Figure 3). Frequently the patient related factors are made responsible for non-

adherent behavior, which accounts only insufficiently for the overall problem. A comprehensive review 

of reviews compiled 771 factors and grouped them according to their effect on adherence, i.e. 

beneficial, deteriorative, and neutral 13. Interplay of all sets of factors again lead to multiple 

interactions and makes adherence an even more complex multidimensional phenomenon. We can 

assume that the factors negatively affecting adherence represent targets for adherence-enhancing 

interventions. For example, if a patient is non-adherent because she/he forgets the medication intake, 

a memory support may be provided. Due to the many factors that can be influenced it seems obvious 

that adherence is a challenge for every patient and therefore merits special attention in consultations 

and during dispensing of medication at the community pharmacy. 
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Figure 3. The five dimensions influencing adherence according to the World Health Organization report 37 and 

examples of factors negatively associated with adherence. Hct, healthcare team. 

 

Based on these factors, various models were developed to describe the patients’ behavior of 

medication taking. In the Health Belief Model 53, the patient weighs her/his believes about necessity 

against concerns, resulting in a skeptical, ambivalent, indifferent, or accepting attitude towards 

medication taking. The Theory of Planned Behavior 54 proposes behavior to be guided by attitude, 

subjective norms, perceived behavioral control, and behavioral intention, were the latter is the 

immediate precursor of the actual behavior. In the model of Interpersonal Behavior 56, apart from 

cognitive, social, and personal factors, habits take a dominant role in affecting behavior change. In fact, 

habit has been described as a major determinant influencing adherence 57,58. The Transtheoretical 

Model of behavior change 55 describes the different stages that a patient has to pass through to reach 

effective behavior change, namely precontemplation, contemplation, preparation, action, and 

maintenance. Lately, Marcum et al. proposed a conceptual model of the effect of polypharmacy on 

adherence 14. In this model, polypharmacy can directly affect adherence, by the greater number of 

medications that can be missed on a daily basis and the close relation to regimen complexity, which 

has been associated with poor adherence. The effect of polypharmacy can also be mediated by various 

patient, health-system, or provider factors to lead to non-adherence 14. 

Despite of efforts made to group patients into ‘adherent’ and ‘non-adherent’, such prototype patients 

do not exist. There are rather several patterns of non-adherence, which might make sense (e.g., 

reducing the dose at experience of toxicity) or not. Types of non-adherent behaviors include, e.g., 
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stockpiling, drug holiday, white coat adherence, taking the wrong medication, overdosing, 

underdosing, erratic dosing, wrong dosing frequency, and wrong duration of treatment. These timely 

patterns can be revealed by electronic adherence monitoring 59. 

Adherence taxonomy 
“[A transparent taxonomy] should provide researchers and clinicians with a common language for 

describing different experimental investigations.” 60 

Compliance – Adherence –Concordance. Compliance describes the passive following of the physician’s 

order. It indicates that the patient did not actively take part in the decision process about the 

treatment. In contrary, the term adherence implies the patient’s active participation in and agreement 

with the treatment. However, adherence and compliance are frequently used interchangeably, also in 

this thesis 61. Concordance describes the agreement of the patient and physician on the clinical 

condition, the therapy goals and the choice of therapy 62.  

Intentional non-adherence – unintentional non-adherence. These terms describe the behavior of the 

patient and relate to the reason of non-adherence. Intentional non-adherence applies when the 

patient willingly alternates the prescribed treatment without feedback to the physician. This is an 

active decision, occurring when patients, e.g., do not trust health-care professionals, fear adverse 

reactions or feel stigmatized by medication taking. In contrary, unintentional non-adherence is 

characterized through the patient’s prevention of medication intake against his/her actual intent, 

typically because of physical or cognitive barriers to medication self-management, but also because of 

language barriers, inability to pay for the treatment or not recalling treatment instructions. It is a 

passive process and the patient’s ability to memorize and polypharmacy are related to it. To distinguish 

these two behaviors at the assessment of non-adherence might be crucial for picking the right 

intervention for a patient. For example, unintentionally non-adherent patient may benefit from dose-

dispensing aids, whereas intentionally non-adherent patients will persist with this kind of adherence 

support 33,62,63. 

Primary non-adherence – secondary non-adherence. These terms distinguish the behavior of 

medication filling and the actual intake, where primary non-adherence constitutes the lack of filling a 

first prescription and secondary non-adherence represents the non-execution of the treatment plan 

after filling the prescription 64. 

Initiation – Implementation – Discontinuation – Persistence. In order to describe the secondary 

adherence process, the Ascertaining Barriers to Compliance (ABC) project team defined adherence to 

medication as a process containing several steps: initiation is the intake of the first dose of a prescribed 

treatment; implementation is the extent of the patient’s dosing corresponding to the prescribed 
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treatment; discontinuation is the stop of intake. The time period between initiation and 

discontinuation is defined as persistence. Whereas adherence relates to the intensity of medication 

intake, persistence describes the duration of intake. Persistence and implementation are continuous 

variables, while initiations and discontinuation are two discontinuous actions (Figure 4) 60. 

 

 
Figure 4. Illustration of terminology of the single steps of the adherence process according to the Ascertaining 

Barriers to Compliance (ABC) project team 60. Light blue: process of adherence to medication; dark blue: 

process of management of adherence. 

 

Taking adherence – timing adherence. To further characterize the patients intake behavior, these 

terms express the proportion of the medication taken as prescribed per day and the proportion of 

medication taken at the right time, i.e. prescribed time per day 65. 

In order to understand, report, and describe adherence, the terms defined above enable to convert 

the abstract health related behavior ‘medication adherence’ into a measureable entity. Several 

measurement methods have been developed to quantify this complex behavior. 
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Adherence Measurement 
“In order to compare and reproduce medication adherence results, researchers and healthcare 

providers have to consider, firstly, using an internationally accepted operational, standardized 

definition of medication adherence; secondly, accurately describing medication adherence methods 

used; and thirdly ensuring the quality, validity and reliability of the methods and data analysis 

employed.” 66 

Adherence measurement methods 

Direct and indirect methods constitute two groups of adherence measurement methods (Table 1). 

Thereon, they can further be divided into subjective and objective methods. Whereas objective 

measurement methods are usually deemed more reliable, subjective methods allow deeper insight in 

the patients’ behavior with the possibility to ascertain the reasons for it. 

 

Table 1. Direct and indirect methods of adherence measurement, adapted from Osterberg et al. 65. 

Indirect Direct 

Self-report Directly observed therapy 

Clinical response / physical marker Therapeutic drug monitoring 

Medication refill frequency  Biomarker monitoring 

Pill count  

Electronic medication monitoring  

 

Patient self-report is a subjective measurement method and is applied by interviews, questionnaires, 

and diaries. Many different instruments exist for different clinical conditions, with different scales, and 

for different patient populations. Valid instruments are, e.g., the Morisky Medication Adherence Scale 

8 67, the Believes about Medicines Questionnaire 53, and the Adherence Estimator 68. The advantages 

of the self-report measurement methods, namely their practicability, flexibility in use, low cost, low 

time expenditure, have made them a common tool used in clinical and research settings. They can 

assess social, situational and behavioral aspects and allow the differentiation between intentional and 

unintentional adherence. Patient self-report, however, has been criticized to overestimate 

adherence 66. 

Objective adherence measurement methods can be viewed as a camera capturing momentous 

pictures with different zoom levels. For example, pharmacy refill and prescription claims data would 

represent a wide-angle lens, capturing large community samples, thereby representing the 

community. Their use is non-invasive, of strong statistical power, economic and show the real-world 

picture apart from clinical trials. Data are comparable to electronically measured adherence. However, 

pharmacy refill and prescription claims are afflicted with a certain level of blur, because 
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implementation and discontinuation cannot be observed. Factors limiting the validity are patients 

receiving medication samples from the physician, stock-piling their medication at home without using 

them, collecting their medication at different pharmacies, or claims registered at different health 

insurance databases 66. 

If we zoom further in, pill count gives information on if and how much the patients took from 

medication they (re-)filled at the pharmacy. Pill count is easy to perform in any setting, inexpensive 

and therefore a globally used measurement method. The opponents argue that it provides no 

information on the actual taking, that the patients have to bring back the pill containers at each visit, 

that there is a risk of the patients discarding the medication before a visit, and that does not represent 

an accurate measure for detecting poor adherers, i.e., patient persisting but not implementing 

correctly the treatment plan 66. 

The highest resolution to date is provided by electronic monitoring. Electronic monitoring was first 

reported in 1984 69 and records when the medication was taken additionally to the amount of taken 

medication. A continual real time monitoring is feasible, recording treatment initiation, 

implementation, taking adherence, timing adherence, discontinuation, and persistence. Through this 

method, adherence patters like drug holidays and white coat adherence can be uncovered, and 

conclusions can be drawn about the clinical outcomes of the treatment 59. Nevertheless, electronic 

medication monitoring has its limits. The high cost of the devices precludes their widespread use. 

Further, despite capturing intake patterns, it still does not capture the actual swallowing of the pill. 

The patients might take a pill out of the device at the right time and then discard it or take pocket 

doses and so produce false-negative registrations. Not all patients are comfortable with electronic 

monitoring devices and it does not suit all galenic formulations 66. Electronic monitoring and pill count 

were concluded to complement each other 70,71. 

Direct adherence measurement methods are usually costly, invasive and obtrusive and are not used 

routinely in clinical practice or research. They are not relevant for this thesis. 

In summary, every method has its strengths and limits and there has not been agreement on a ‘gold 

standard’. Despite the progress in the field of adherence measurement, the patient’s action after 

removal of the medication from the container remains hidden and the number is only a surrogate for 

the patient’s actual behavior. Whenever adherence is to be measured, the setting, resources, goals of 

the measurement and the accuracy requirement have to be considered for the choice of the 

appropriate method. The current state-of-art of adherence measurement is concordantly considered 

as the combining two or more methods, to benefit from all their strengths 37,65,66.  
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Electronic measurement devices 

The Medication Event Monitoring System (MEMS®; AARDEX Group Ltd., Sion, Switzerland) is the most 

commonly used electronic measurement device for oral solid dosage forms (Figure 5). The medication 

is placed in a pill bottle with a microprocessor chip embedded in its cap. At every opening of the bottle, 

the chip records time and duration of the ‘medication taking event’. The major drawback of MEMS® is 

its limitation to the monitoring of one lead drug, and thus it is not suitable to monitor polypharmacy. 

Further, it remains unknown if and how many pills are removed with each opening. The high costs of 

these containers do not allow their use in routine clinical practice. 

The POlypharmacy Electronic Monitoring System (POEMS; Confrérie Clinique S.A., Lausanne, 

Switzerland) consists of an adhesive polymer film with printed electric circuitries. It can be fixed on the 

back of a regular blister pack to record date, time and location of medication removal. Transmission 

to an electronic database yields numeric and visual data (Figure 6). Acceptance and internal validity 

were reported to be similar and data quality to be higher compared to MEMS® 72. The advantage of 

POEMS is the flexible adjustment to multidrug punch cards (i.e. cards with several plastic 

compartments to pack oral solid medication according to dosing times) (Figure 5). This allows the 

electronic measurement of adherence to a whole medication regimen and thereby restores the 

allocation of single dose-units to a specific signal. Knowing the adherence pattern of the entire 

medication regimen provides the possibility to explain unreached clinical outcome, drug–drug 

interactions, and drug resistance.  

 

 
Figure 5. Medication Event Monitoring System (MEMS®, left) 73; multidrug punch card, front (middle); 

multidrug punch card, back with affixed POlypharmacy Electronic Monitoring System (POEMS, right). 
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Figure 6. Example of output graph of the POlypharmacy Electronic Monitoring System (POEMS) measuring 

adherence to a four-times daily regimen over one week. 

 

POEMS was used so far in a study on primary care patients with polypharmacy over one week to rule 

out adherence as a determinant for drug resistance to aspirin and clopidogrel 74. The technology could 

demonstrate that a smaller intake time variability of the lipid lowering drug was significantly associated 

with better levels of LDL-cholesterol 75. In a case study, it discovered a distorted adherence pattern 

which allowed the conduction and monitoring of a personalized intervention 76. 

Several other electronic measurement devices exist, most of them are connected with automatic dose 

dispensing, they come with or without acoustic alarm, and apply to different dosage forms e.g., DO-

Pill SecuR™, Electronic Medication Management Assistant (EMMA®), Medido® Pill Pouch Dispenser, 

Wisepill™, Neb Nebulizer™, eye-drop monitor, IDAS®, and Helping Hand® 66,77. 

Adherence measures 

Several measures have been proposed to calculate and present adherence out of measured data. The 

two most commonly used measures are the medication possession ratio (MPR) and the proportion of 

days covered (PDC). The MPR describes the proportion of supply to fulfil a treatment plan over a 

distinct period of time and is calculated as the total days’ supply of medication dispensed divided by 

duration of prescribed therapy in the period of interest. The PDC describes the proportion of days on 

which the medication is available for the patient divided by the total days of the analysis period. Both 

measures are usually ranging between 0 and 1, with 1 signifying perfect adherence. Although 

thresholds separating good adherers from bad adherers have been widely used, their validity is 

controversially discussed. Thresholds of 0.8-0.9 have been associated with fewer hospitalizations in 

schizophrenia, hypertension, diabetes mellitus and hyperlipidemia 78,79. For HIV, adherence rates 

between 50-80% were associated with increased drug resistance, whereas a threshold of > 95% was 
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considered evident for successful viral suppression 80. However, these values are not above doubt, and 

for many clinical conditions the question of how much adherence is necessary remains unanswered. 

An approach to this question was proposed by the concept of forgiveness, which sets the medication’s 

duration of beneficial action in relation to its prescribed dosing frequency and hence describes how 

long the therapeutic effect will prevail in case of non-adherence 59,81. 

Whereas MPR and PDC suffice the requirements of monotherapy regimens, a new method for 

calculating adherence to polypharmacy was introduced recently. The daily polypharmacy possession 

ratio (DPPR) calculates the days covered with polypharmacy day by day. First results of validation 

showed that various characteristics of polypharmacy, e.g., medication switching, duplication, and 

overlapping, which could not be included in the above named methods, could be accounted for by the 

DPPR 82. 

Due to the many different adherence measurement methods and measure calculation methods, the 

congregation of studies about adherence and adherence-enhancing interventions has been difficult 

83,84. In this thesis, we used patient self-report, pharmacy refill claims, and electronic measurement 

methods (POEMS), and calculated adherence measures by MPR. 

Dimensions and consequences of non-adherence 
“Prescribed medications help to control symptoms and slow disease progression, enabling the person 

to maintain their health and live independently for as long as possible with an optimal quality of life.” 85 

Non-adherence starts at filling a prescription: Within 15’961 patients receiving a first-time 

prescription, primary non-adherence was 31.3% 86. New users had a lower filling rate (34.3%) than 

patients switching treatment within a pharmacologic class (11.6%) 86. After the first filling, persistence 

subsequently decreases with rates varying for different conditions, e.g., with 60% for bisphosphonates, 

61% for statins, 66% for angiotensin-receptor blockers, and 72% for oral antidiabetics 87 (measured by 

pharmacy refill claims). This is consistent to a review, which compiled electronic adherence data over 

95 studies on different conditions reporting a persistence of 60% at one year 59. Persistence rates can 

be associated with execution rates: the poorer the execution the lower the persistence 59,88. Non-

execution ranged around 10% in patients on antihypertensive treatment, with 42% of omissions of a 

single day’s dose, 15% up to two days, and 43% of three or more days, defined as drug “holidays”) 88. 

Almost half of the patients had at least one drug holiday a year. There were particular weekdays on 

which dosing omissions occurred more frequently for a third of patients, mostly weekend days. 

Patients who took their medication in the morning executed their treatment more correctly than 

patients with evening or variable doses 88. Similarly, taking adherence and timing adherence were 

more correct for once-daily regimens than for 2-times, 3-times, and 4-times daily regimens within rates 
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of 93.0%, 85.6%, 80.1%, and 84.4% for taking adherence and 76.9%, 59.3%, 35.9%, and 18.8% for 

timing adherence, respectively 89. Higher time variability existed in midday and evening doses 

compared to morning doses and in weekend doses compared to weekday doses in patients with 100% 

taking adherence to polypharmacy 75. 

Non-adherence occurs in all situations where medication self-administration is required, 

independently of medical condition, severity, and accessibility to health resources 37. A review 

summarizing adherence rates for several conditions over 50 years showed mean adherence rated for 

HIV of 88.3%, for arthritis of 81.2%, for cancer of 79.1%, for seizures/brain disorders of 78.4%, for 

cardio-vascular diseases of 76.6%, and for diabetes of 67.5%, among others 90. In phase I to III clinical 

trials, non-adherence results in inaccurately adjusted dosing and an underestimation of adverse 

reactions. Still, patients participating in clinical trials usually adhere better to treatment than in real-

life 59,91. Non-adherence represents the missing link between effective therapy and effective disease 

management. 

Non-adherence has been associated with impaired effectiveness and safety of treatments leading to a 

variety of adverse health outcomes. Inability to reach treatment goals lead to drug resistance in HIV 

and tuberculosis 80,92. Treatment failure has also been described in elderly patients with chronic 

conditions 93 and in transplantation, constituting a major risk factor for transplant rejection in the latter 

94. In statin treatment, non-adherence leads to inappropriate dose escalation 95. Disease progression 

due to treatment failure leads to increased hospitalization 96 and mortality 97 in HIV. Non-adherence 

to antihypertensive medications constitutes an independent risk factor for stroke related hospital 

admissions and deaths 98. Furthermore, evidence has accumulated that patients with cardiovascular 

diseases who are poorly adherent to cardio-protective therapy had a higher risk of vascular events, 

hospitalization and mortality 99-103. Even in secondary prevention of myocardial infarction, these 

observations persisted 104. Corresponding results could be shown for patients with diabetes mellitus 

type 2, and asthma 105,106. Additionally, non-adherence was associated with adverse drug events 107,108 

and was found as one of the largest determinants of hospitalization due to preventable drug related 

problems 12,109. Further risks are more intense relapses, medication dependence, rebound effect, 

toxicity, and accidents (e.g. with antidiabetics, antieplieptics) 37. 

Impaired health outcomes may be the consequence but also the cause of non-adherence. Quality of 

life, for example, has been reported to be influenced from two sides. On one hand regular medication 

intake guarantees the attenuation of first dose effects and leads to adequate symptom control in 

epilepsy 110, HIV 96,111,112, and chronic obstructive pulmonary disease 113. In these cases, higher 

adherence led to increased quality of life. On the other hand, the high pill burden, missing flexibility in 
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daily life and increased adverse reactions with high adherence decreased quality of life 15,114. Patients 

with diabetes mellitus type 2 experiencing low tolerability with the treatment reported low quality of 

life as a reason for low satisfaction and adherence 115 and several factors associated with the 

maintenance of adherence were identified, e.g., treatment fatigue and burnout, social support 

problems, and emotional and self-efficacy problems, which in the end motivated the patients for non-

adherence.  

Finally, due to intensified treatment, increased healthcare utilization, medication waste, and loss of 

productivity, substantial economic costs arise 96,116-121. The global impact of non-adherence in 186 

countries was estimated to range between U$172 and 371 billion 117. In the United States of America, 

non-adherence accounts for up to U$100 billion in health care and productivity costs which constitutes 

approximately 10% of the total annual healthcare budget 116 and the English National Health Service 

(NHS England) reported losses of £900 per year because of non-adherence within five clinical 

conditions 122. Across five European countries, increasing the percentage of patients being adherent to 

antihypertensive treatment to 70% was estimated to lead to a reduction of cardiovascular related 

healthcare costs by €332 million 123. In Switzerland, antihypertensive treatment costs were 

disproportionately high because of non-adherence 124. In studies on diabetes mellitus type 2 and HIV 

patients, adherence was shown to reduce costs due to decreased healthcare utilization 96,118 and 

hospitalization rates 119. These savings outweigh the costs generated through increased medication 

use and adherence-enhancing intervention programs 125. 

The collective burden of non-adherence allows the assumption that an effective adherence-enhancing 

intervention ’may have a far greater impact on the health of the population than any improvement in 

specific medical treatment’ 126. 

Adherence-enhancing interventions 
“Current methods of improving medication adherence for chronic health problems are mostly 

complex, labor-intensive, and not predictably effective”. 127 

Manifold interventions have been explored, specifically for single clinical conditions, e.g., HIV, 

depression, diabetes mellitus, and hypertension 50,128-131 or focusing on the delivery of the intervention 

by specific health-care professionals 51,84,128,129.  

Kripalani et al. 132 proposed a taxonomy for types of adherence interventions in a literature review 

investigating interventions for patients on chronic conditions, including: 

 Informational: Education and instruction about disease and/or medication, e.g., oral, telephone, 

written, or audiovisual education; didactic group class; instructional material. 
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 Behavioral: Strategies to influence behavior, e.g., skill building by a health care professional; 

pillboxes, calendars, a change in packaging, other reminders; simplifying/tailoring the medication 

regimen; rewards and reinforcement. 

 Social/family: Social support strategies, e.g., support groups and family counseling. 

 Combined: Combination of the groups described above. 

The review included 37 studies on 13 informational, 10 behavioral, and 15 combined interventions. A 

significant improvement of at least one adherence measure was reported in 20, and of corresponding 

clinical outcomes in 11 studies. Successful interventions were behavioral, with or without combined 

elements (simplifying medication regimen, feedback and monitoring), contained multiple of the same 

elements delivered over time, or were combined including elements from different types.  

An extensive Cochrane review 126 analyzed 78 trials on the effectiveness of adherence-enhancing 

interventions. The review presented a vast variety of applied interventions with 19 categories. Only 36 

of 87 reported interventions in long-term treatments significantly improved adherence and 26 also 

had an effect on improving clinical outcomes. Combined complex interventions were mostly successful 

comprising combinations of comprehensive patient instructions and counseling, reminders, close 

follow-up, supervised self-monitoring, rewards for success, family therapy, couple-focused therapy, 

psychological therapy, crisis intervention, and manual telephone follow-up. A common characteristic 

was the more frequent interaction of healthcare professionals with patients. Two studies on patients 

with complex regimens, i.e. polypharmacy did not show improved outcomes (i.e. adherence, re-

hospitalization rates).  

The literature on interventions specifically designed to improve adherence to polypharmacy is scarce. 

Independently living patients with polypharmacy were reported to benefit from dose-dispensing aids 

with regular follow-up 133 and from engaging in self-management, mainly delivered by pharmacists 85. 

The modes of delivery of adherence-enhancing interventions were more beneficial if they were 

performed personally at hospital discharge and by a pharmacist at the pharmacy 134.  

The effect of electronic medication packaging, i.e., adherence recorder, audiovisual alarm, liquid 

crystal display, and/or real-time monitoring, ranged from a decrease of 2.9% to an increase of 34.0% 

in adherence 135. Electronic devices embedded in complex interventions and the combination of digital 

displays with alarms were most frequently associated with improved adherence 135. Electronic 

packaging devices combined with feedback on the patient’s adherence performance was assumed 

beneficial. This was particularly observed by a meta-analysis including 79 studies on adherence-

enhancing interventions measured by electronically compiled dosing histories 136. They observed 

increased adherence of 14.1% in the intervention groups compared to the control groups. 
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Interventions with a cognitive-educational or a feedback element showed significant effects of 

improved adherence.  

Some interventions targeting adherence through medication optimization improved patient 

satisfaction and health related quality of life 46,113,115. Usually intensive, complex interventions were 

estimated to be more effective, but simple interventions were more cost-effective 137,138. Quality of 

pharmaco-economic studies and reported economic outcomes in studies on adherence-enhancing 

interventions were insufficient to make a clear statement on the cost-effectiveness of adherence-

enhancing interventions 83,139,140. Compared to the enormous costs caused by non-adherence, 

adherence-enhancing interventions are generally thought to be cost-effective 37. 

Overall, the evidence of adherence-enhancing intervention remains scarce and their effect on 

adherence and economic, clinical and humanistic outcomes, if assessable, is moderate. Persistent 

criticism concerns the poor methodological quality, the large heterogeneity of the results, the small 

sized study population and the short study duration. Many studies did not suffice the ethical standards 

for adherence research proposed by the National Heart Lung and Blood Institute 141, which demand 

the report of benefits for the patients through the measurement of patient-relevant outcomes (i.e. 

clinical and humanistic outcomes) in trials investigating adherence-enhancing interventions. Often, 

promising interventions were too complex and diverse to attribute the only moderate effect sizes to a 

single element. To date, it is suggested that the effect of the interventions might be augmented by 

tailoring the elements of the intervention to the patients’ individual necessities and needs 62,142. To 

enable such interventions, patient individual factors of non-adherence have to be assessed before 

delivering it. 

Although complex interventions were usually suggested to yield larger effects, the reviewers doubted 

their integration into daily practice because of poorly described intervention details and unavailable 

resources. To be implementable in clinical practice, adherence interventions have claimed to be 

simple, easy to use, continuous and cheap 37,143. These requirements are fulfilled by interventions 

supporting medication self-management e.g. dose-dispensing aids. In a meta-analysis, dose-dispensing 

aids were one among three intervention elements showing positive moderation on the overall effect 

size of adherence 144. Various authors have suggested dose-dispensing aids to enhance adherence in 

unintentionally non-adherent patients with polypharmacy by optimizing medication self-management 

1,62,65,145,146. 
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Dose-dispensing aids 
“Calendar packaging of medications for long-term use is intuitively attractive as a simple adherence 

strategy, but only a paucity of clinical trials have assessed its adherence benefits systematically, and 

essentially none has evaluated its potential for harm.” 147 

Dose-dispensing aids represent a simple technical option and require little resources on the patient’s 

as well as on the provider’s side. They are easy to use, cheap, support medication self-management 

through adherence (self-) monitoring and constituting a reminder for medication intake, and thus 

might prolong independent living , save time, costs, healthcare resources (e.g., home care nursing), 

and medication waste 1,126,145,148,149. Due to the missing of a Medical Subject Heading, there is a variety 

of synonyms used in the literature (Table 2).  

 

Table 2. Synonyms used for dose-dispensing aids in alphabetical order.  

Of note: This list makes no claim to be complete. 

Blister packaging 

Calendar (blister) packaging  

Drug packaging  

Drug reminder packaging 

Pillbox 

Pill calendar  

Pill container  

Pill organizer 

Pill packaging  

Special medication packaging 

Unit dose packaging 

Unit of use packaging  

Brand names 

Dosett® 

Easyblist® 

Medidos® 

Nomad® 

Pharmis® 

Webster® pack 

Venalink® 

MTS® 

 

Dose-dispensing aids consist of a certain number of compartments, containing solid, oral medication 

for specific dosing times. They can roughly be divided into three groups 77: 

 Multicompartment adherence aids are reusable plastic boxes, which come in many different 

shapes and colors. Usually, they provide compartments for seven days with or without sub-

compartments for additional dosing times per day. They are filled either by the pharmacy or 

by the patient (Figure 7). 

 Multidrug punch cards are disposable frame cards with plastic compartments, sealed with a 

foil backing. Typically, they provide 28 compartments, but other models from 4-35 

compartments exist too enabling the individualized packaging of polypharmacy according to 

a prescribed dosing regimen. On the front side, the medication is visibly packaged and 

labelled with patient and pharmacy information and marked with the dosing times (morning, 

lunch, evening, night; Monday-Friday). The adhesive medication plan at the backside labels 

brand name, dose, administration number, dosing frequency, size, color, imprint, batch 

number, and expiration date of each packaged medication. Multidrug punch cards are filled 

by pharmacy staff, by a specialized company, or an automated system (Figure 8). 
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 Blister pouches are little sealed unit-dose bags containing one or multiple medication and 

usually coming in a sequential line of pouches with perforated limits. They are produced by 

an automated system, often by a specialized company and sometimes at the pharmacy. 

Unlimited dosing times per day can be packaged for a requested time of use (Figure 9). 

 

 
Figure 7: Multicompartment adherence aids (top left: Dosett®; top right: Medi-7®). 

 

 
Figure 8: Multidrug punch cards front (left) and back (right). 
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Figure 9: Blister pouches (Medifilm®). 

 

Advantaged and disadvantages of the specific groups are illustrated in Table 3. 

Table 3. Advantages and disadvantages of dose-dispensing aids. 

Multicompartment 

adherence aid 

Advantages  Independent filling by the patient 

 Reusability 

 Medication self-monitoring possible 

 Visual intake reminder 

Disadvantages  Lack of hygiene 

 Restricted number of dosing times  

 Risk of deteriorated stability and compatibility of deblistered 

medication 

 Risk of inaccurate filling by the patient 

Multidrug punch card Advantages  Hygiene 

 Medication self-monitoring possible 

 Visual intake reminder 

 Electronic monitoring possible 

 Not open to manipulation 

Disadvantages  Not reusable / waste 

 Restricted number of dosing times per day 

 Risk of deteriorated stability and compatibility of deblistered 

medication 

 Risk of handling difficulties by the patients 

 Risk of fewer contact to health care professionals 

 Risk of fading knowledge about packaged medication 

Blister pouch Advantages  Hygiene 

 Unrestricted dosing times per day 

 Separable unit-doses 

 Electronic monitoring possible 

 Can be integrated in an automated dosing system 

 Not open to manipulation 

Disadvantages  Not reusable / waste 

 Risk of deteriorated stability and compatibility of deblistered 

medication 

 Risk of fewer contact to health care professionals 

 Risk of fading knowledge about packaged medication 
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The dose-dispensing service is defined as ‘the repackaging of solid oral medication by a health-care 

provider, mostly in a community pharmacy or hospital pharmacy, to assist patients in the management 

of their polypharmacy’ 77. It ideally should be integrated in a pharmaceutical care service, with 

instruction and counseling of the patient, information for his/her caregiver(s), and regular follow-up, 

i.e. medication review of the packaged and unpackaged medication 77,150 (Figure 10). 

 

 
Figure 10: Workflow of dose-dispensing service from Hersberger et al. 77. 

 

Dose-dispensing aids are widely used in practice. Although acknowledged for facilitating medication 

self-management, their use is not without risks (Table 3, disadvantages) and their widely spread use 

has been criticized. Difficulties with handling were described in several studies, leading to the 

dangerous action of emptying the content of the dose-dispensing aid into regular pill bottles 32,146,151,152. 

The other concern was about the patients loosing contact to health-care professionals and a fading 

knowledge of medication. The authors feared a loss of skills and autonomy of the patients, which could 

limit the safe administration of their medication 152-154. However, despite declined knowledge of 

patients using pre-packed dose-dispensing aids, their adherence appeared to be better than patients 

self-managing their medication 154. In fact, adverse events of dose-dispensing aids resulting in harm for 

the patients have never been studied in randomized controlled trials 147, representing a security gap.  

Prior systematic literature reviews have investigated the impact of dose-dispensing aids on adherence 

and economic, clinical and humanistic outcomes. They univocally stated a moderate effect of dose-

dispensing aids on adherence and clinical outcomes, but declared the evidence to be insufficient to 
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draw firm conclusions 147,155,156 (detailed information is provided in Chapter 2). One retrospective 

propensity score matched study including 9’266 patients in the ‘real-world’ setting reported 

significantly improved adherence and persistence rates with a single-pill combination in reminder 

packaging.  

In this thesis, we focused on multidrug punch cards to optimize medication use by support of the 

patient’s medication self-management and thus to reach appropriate polypharmacy. 

Multidrug punch cards 
In Switzerland, multidrug punch cards represent one possibility for a dose-dispensing service. The 

devices are filled and dispensed at the community pharmacy. A specific software assists the production 

by archiving patient data, documenting prescriptions, verifying the medication filled through barcode 

scanning, and by composing data from the database to a label that is fixed on the card (Figure 8) 157. 

Health insurances are obliged to reimburse this dose-dispensing service with CHF 21.60 per week, if 

the patient has a prescription for over three different medications per week and for a dose-dispensing 

aid (according to the collective agreement LOA IV 158). Multidrug punch cards as a single or as an 

element of a composite intervention significantly improved adherence 49,159,160 and clinical outcomes 

49,160,161. Additionally, they are assumed to promote interdisciplinary collaboration, since the 

medication plan is actively managed by the pharmacist and drug related problems can be solved 

instantly. Continuity of care, which is known to improve medication safety and adherence, is given by 

the provision of the all medication through the same community pharmacy 37,162. To date, studies on 

multidrug punch cards used mainly pill count for adherence measurement. With the availability of 

POEMS, which can be affixed on the back of a multidrug punch card, it becomes possible to measure 

adherence to polypharmacy electronically.  

In this thesis, we focused on (electronic) multidrug punch cards as an adherence-enhancing 

intervention to improve patient-relevant outcomes in primary care patients with polypharmacy. 

Rationale and approach 
The global health situation demands polypharmacy for many clinical conditions, especially in 

multimorbid patients. Within the momentary demographic changes, many patients are concerned 

with polypharmacy, which constitutes a considerable risk factor for non-adherence. Non-adherence 

has been of increasing concern because it impairs clinical conditions and quality of life, and it generates 

exceeding healthcare costs. Despite numerous tested interventions, evidence has been limited 

through methodological flaws, heterogeneity of outcome measures, and lack of patient-relevant 

outcomes. Dose-dispensing aids, like multidrug punch cards, were designated elements of successful 
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adherence interventions. They aim at enhancing adherence through optimization of medication self-

management in unintentionally non-adherent patients with polypharmacy.  

The goal of this thesis was to investigate the effect of multidrug punch card use on adherence to 

polypharmacy and patient-relevant outcomes in primary care patients. We approached this goal in 

three steps. 

In a first step (A), we used the methodology of evidence mapping to provide an overview on a whole 

topic area and to identify evidence gaps. We used a tool 163 appraising methodological quality 

specifically designed for public health studies of various study designs. Further, we aimed at extending 

the information of the evidence by assessing the completeness of reporting of intervention details 

(PROJECT A1). 

In a second step (B), a real life picture of current pharmacy practice in adherence support and of 

primary care patients using multidrug punch cards in daily life was aspired. Pharmaceutical care 

interventions delivered at community pharmacies have been successful in improvement of adherence. 

PROJECT B1 aimed at quantifying and qualifying patient-centered counseling, especially explicit 

adherence counseling, in daily pharmacy practice. Adherence-enhancing interventions were claimed 

to be simple, easy to use, continuous, inexpensive, and implementable in clinical practice. Multidrug 

punch cards are suggested to suffice these requirements. They were introduced in Switzerland in 2002 

as a dose-dispensing service provided by community pharmacies. With PROJECT B2, we intended to 

evaluate integration of multidrug punch cards into community pharmacy practice. Multidrug punch 

cards are suggested to optimize medication self-management in unintentionally non-adherent 

patients. Little is known about the characteristics, preferences, and experiences of primary patients 

using multidrug punch cards in daily life. Lately, concerns about handling difficulties and fading 

medication knowledge have been expressed and warn from a wide spread distribution of such aids. 

Hence, PROJECT B3 aimed at the exploration of current multidrug punch card user in Swiss primary care. 

In a third step (C), we affixed POlypharmacy Electronic Monitoring System foils on multidrug punch 

cards to measure adherence to polypharmacy and to give feedback on adherence behavior. Having the 

research gaps identified in PROJECT A1 and the results of PROJECTS B1, B2 and B3 in mind, we aimed at 

developing and piloting a randomized controlled trial investigating the intervention of electronic 

multidrug punch card use for all oral solid medication and individualized feedback sessions on 

electronic dosing histories on adherence and patient-relevant outcomes (PROJECTS C1 and C2). The 

described steps and projects with corresponding objectives are listed below. 
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A EVIDENCE MAP OF DOSE-DISPENSING AIDS 

PROJECT A1: EFFECT OF DRUG REMINDER PACKAGING ON MEDICATION ADHERENCE: A SYSTEMATIC REVIEW 

REVEALING RESEARCH GAPS 

To review and map the evidence of dose-dispensing aids in improving adherence and 

economic, clinical, and humanist outcomes; to identify research gaps providing a 

rationale for future research. 

B ADHERENCE SUPPORT IN CURRENT PHARMACY PRACTICE AND MULTIDRUG PUNCH CARD USE BY PRIMARY CARE PATIENTS 

PROJECT B1: ADHERENCE COUNSELING DURING PATIENT CONTACTS IN SWISS COMMUNITY PHARMACIES 

To determine the degree and nature of counseling delivered at community 

pharmacies, focusing on adherence counseling; to assess the community pharmacists’ 

opinions about adherence counseling. 

PROJECT B2:  FIRST EVALUATION OF PHARMIS® BLISTER PACKAGING PROVIDED BY PHARMACIES IN SWITZERLAND 

To explore the integration of multidrug punch card service in contemporary 

community pharmacy practice, assessing experiences, benefits, and expenditures. 

PROJECT B3: MULTIDRUG PUNCH CARDS IN PRIMARY CARE: A MIXED METHODS STUDY ON PATIENTS’ PREFERENCES 

AND IMPACT ON ADHERENCE 

To assess the acceptance, preferences, and experiences of multidrug punch card users 

in primary care and the device’s impact on adherence; to profile the primary care 

patient benefitting most of multidrug punch card use and thus to facilitate targeted 

adherence interventions. 

C EFFECTIVENESS OF MULTIDRUG PUNCH CARD USE IN PRIMARY CARE PATIENTS – A PILOT STUDY 

PROJECT C1:  ELECTRONIC MULTIDRUG PUNCH CARDS TO IMPROVE CLINICAL AND HUMANISTIC OUTCOMES IN 

PATIENTS AFTER HOSPITAL DISCHARGE 

To develop and pilot a randomized controlled trial investigating the effectiveness of 

electronic multidrug punch cards and feedback on electronic dosing histories in 

improving adherence and in extending time to hospital readmission and major therapy 

adjustment in primary care patients after hospital discharge. 

PROJECT C2:  SUCCESS OF A SUSTAINED PHARMACEUTICAL CARE SERVICE WITH ELECTRONIC ADHERENCE 

MONITORING IN A DIABETIC PATIENT OVER 12 MONTHS 

To report in detail of the first long-term electronic monitoring of adherence to 

polypharmacy. 

 

Clarification of terms: Due to the absence of generally accepted terms, different synonyms were used in: 

 PROJECT A1: ‘drug reminder packaging’ was used instead of ‘dose-dispensing aids’. The term ‘humanistic 
outcomes’ refers to the definition given by Kozma et al. 174: “Consequences of disease or treatment on 
patient functional status or quality of life measured along several dimensions”, e.g., physical function. 

 PROJECT B2: ‘Pharmis® blister’ was used instead of ‘multidrug punch card’. ‘Ambulatory patient(s)’ was used 
instead of ‘primary care patient(s)’. 

 PROJECT C2: ‘electronic records‘ was used for the electronic dosing history generated by POlypharmacy 
Electronic Monitoring System (POEMS). 



43: 
A EVIDENCE MAP OF DOSE-DISPENSING AIDS  

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 

 

 

 

 

A  Evidence map of dose-dispensing aids 

 

 

 

  



44: 
A EVIDENCE MAP OF DOSE-DISPENSING AIDS  

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

Project A1 

Effect of drug reminder packaging on medication adherence: a systematic review 

revealing research gaps 
 

 

Fabienne Boeni1, Esther Spinatsch1, Katja Suter2, Kurt E Hersberger1 and Isabelle Arnet1 

1Pharmaceutical Care Research Group, Department of Pharmaceutical Sciences, University of Basel, 

Klingelbergstrasse 50, 4056 Basel, Switzerland 

2University Hospital Basel, Hospital-Pharmacy, Spitalstrasse 26, CH-4031 Basel, Switzerland 

 

 

 

 

 

 

 

 

 

 

 

Systematic Reviews 2014 3:29 

doi: 10.1186/2046-4053-3-29 

 

 



45: 

PROJECT A1 | Effect of drug reminder packaging on medication 

adherence: a systematic review revealing research gaps 
Abstract 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

Abstract 
Background: This was a systematic review of the literature in accordance with the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. Evidence mapping was used to 

reveal the effect of drug reminder packaging on medication adherence, to identify research gaps and 

to make suggestions for future research. 

Methods: PubMed, Embase, CINAHL and PsycINFO were searched with an end date of September 2013 

using the Medical Subject Headings (MeSH) term ‘medication adherence’ and 20 different search 

terms for ‘drug reminder packaging’, limited to the English and German languages. Additional 

references were identified through cross-referencing. All prospective controlled trials with an 

intervention using drug reminder packaging for patients taking at least one medication without the 

assistance of a health-care professional were included in the evidence mapping of the effect of drug 

reminder packaging on adherence and outcomes according to the Economic, Clinical and Humanistic 

Outcomes (ECHO) model. 

Results: A total of 30 studies met the inclusion criteria: 10 randomized controlled trials, 19 controlled 

clinical trials and 1 cohort study. Drug reminder packaging had a significant effect on at least one 

adherence parameter in 17 studies (57%). The methodological quality was strong in five studies. Two 

studies provided complete information. Clear research gaps emerged. 

Conclusions: Overall, the studies showed a positive effect of drug reminder packaging on adherence 

and clinical outcomes. However, poor reporting and important gaps like missing humanistic and 

economic outcomes and neglected safety issues limit the drawing of firm conclusions. Suggestions are 

made for future research. 

 

Keywords: medication adherence, patient compliance, polypharmacy, drug reminder packaging, 

multicompartment adherence aid, pillbox, multidrug punch card, blister pouch, dose-dispensing service. 
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Background 
Adherence is defined as the extent to which a patient’s behavior matches the agreed 

recommendations from the prescriber 37. Reported rates vary from 4.6% to 100% of patients of all age 

classes with different medical conditions and on long- or short-term treatments 37,90. Mean adherence 

rates for specific diseases are 88.3% for HIV infection, 76.6% for cardiovascular disease, 67.5% for 

diabetes mellitus and 58% for psychosis patients 90,164. Adherence depends on patients’ capability (e.g., 

physical, cognitive and economic) and willingness to initiate and execute their treatment plan: if either 

is insufficient, unintentional or intentional non-adherence will be the consequence 65,165. Non-

adherence is known to impair clinical, economic and humanistic  outcomes 12,83,103,105,125,166,167 (the 

meaning of ‘humanistic outcomes’ is declared in ‘clarification of terms’, p. 42). In a study across five 

European countries, increasing the percentage of patients adhering to antihypertensive treatment to 

70% was estimated to lead to a reduction of cardiovascular related health-care costs by €332 million 

($461 million) 123. Reasons for non-adherence are highly individual and complex. Therefore, individual 

needs and necessities have to be assessed to find the optimal aid for each patient.  

Drug reminder packaging, such as weekly pillboxes or multidrug punch cards, is widely used in everyday 

practice. It usually consists of a certain number of compartments containing solid oral medication for 

specific dosing times. Compared to other adherence-enhancing programs, such as patient counseling, 

education or motivation 126, drug reminder packaging is a simple technical option and requires little 

resources on the patient’s as well as on the provider’s side. The provision of drug reminder packaging 

aims at enhancing adherence by facilitating medication organization and intake, by decreasing 

medication errors and by (self-) monitoring medication intake. Various authors suggest that drug 

reminder packaging supports mainly unintentionally non-adherent patients, e.g., geriatric patients and 

patients with complex drug regimens 62,65,145,146. Previous reviews with restrictive inclusion criteria 

investigated the effect of reminder packaging on adherence and were inconclusive 147,155,156. This 

review uses evidence mapping 168,169 to analyze data from a different perspective, highlighting 

methodological strength and completeness of information as well as research gaps, to identify areas 

for future research. 

Methods 
A systematic review was conducted, complying with the Preferred Reporting Items for Systematic 

Reviews and Meta-analyses (PRISMA) statement. We proceeded by following the evidence mapping 

methodology in four steps: question development, question prioritization, evidence search and 

selection, and data extraction 168. 
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Question development and prioritization 

The study question was deduced from previous reviews. An evidence report was composed after a 

preliminary literature search. Keywords were defined based on the results of this search. Experts were 

consulted to prioritize the question. 

Literature search 

PubMed, Embase, CINAHL and PsycINFO were searched for articles published up until September 2013. 

The keywords used in the search strategy were the Medical Subject Headings (MeSH) term ‘medication 

adherence’ and 20 different terms for ‘drug reminder packaging’: unit dose*, reminder pack*, unit of 

use pack*, pill organiser, pill organizer, medication packaging, medication container, pill container, pill 

box, pillbox, pill calendar, calendar pack*, calendar blister pack*, doset*, dosset*, blister pack*, pill 

pack*, special packaging AND medication, drug pack*, webster pack. The search was restricted to the 

English and German languages. Abstracts were screened and full text articles of potential hits were 

retrieved. References of retrieved articles were screened for relevant cross-referenced articles. 

Study selection and data extraction 

The full text of potentially relevant articles was reviewed. Inclusion criteria were any prospective 

controlled study design, with at least one outcome being adherence, economic, clinical or humanistic, 

with drug reminder packaging as an intervention in any adherence-enhancing program, for patients 

taking one or more oral medication (prescribed or over-the-counter) without the help of a health-care 

professional. Trials were excluded if they were performed in developing countries or if they used drug 

reminder packaging with incorporated electronic features (e.g., the Medical Event Monitoring System). 

Drug reminder packaging included reusable multicompartment adherence aids (plastic pillboxes with 

several compartments per day or per week filled by the patient or pharmacy staff ), non-reusable 

multidrug punch cards (frame cards with plastic cavities, sealed with a foil backing, with typically 28 

compartments, filled by pharmacy staff, by a specialized company or an automated system) and non-

reusable unit-of-use packaging (e.g., blister pouches attached to form flexible chains, with an 

unrestricted number of separated daily dosing times, filled by automated systems) 77. 

Data extracted included the author, publication year, study design, duration of the intervention and 

follow-up, description of the participants (e.g., age, clinical conditions and number of medications), 

outcomes, method of adherence measurement, type of drug reminder packaging and additional 

interventions. The literature selection and analysis of methodological issues were performed 

independently by two reviewers. Consensus regarding the results was reached by discussion. 

Methodological quality and completeness of information  

The methodological quality of the studies was assessed using the tool for quantitative studies 

developed for public health topics by the Effective Public Health Practice Project (EPHPP) group 163. In 
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brief, the tool is applicable to a variety of study designs other than randomized controlled trials (RCTs), 

such as pre- and post-cohort studies and case-control studies, and it has been validated 170. It assesses 

eight components: (1) selection bias, (2) study design, (3) confounders, (4) blinding, (5) data collection 

method, (6) withdrawals and dropouts, (7) intervention integrity and (8) analysis. Components 1 to 6 

were rated as strong, moderate or weak. Based on the rating of the components, studies were 

described as of weak, moderate or strong methodological quality 163,171. The tool was adapted to the 

review question. The component ‘(4) blinding’ was not assessed because it is not applicable in studies 

investigating adherence with drug reminder packaging. The rating of criterion ‘(5) data collection 

method’ focused on adherence outcomes 65. Data collection was considered ‘valid and reliable’: (a) if 

the calculation of the medication possession ratio, the calculation of the medication refill frequency, 

therapeutic drug monitoring or a validated questionnaire were applied as a single method; (b) if pill 

count or clinical parameters were combined with at least one additional adherence measurement 

method (e.g., therapeutic drug monitoring) and (c) if appointment keeping was combined with at least 

two additional adherence measurement methods. 

Following the recommendations of the CONSORT (Consolidated Standards of Reporting Trials) 

statements for non-pharmacological treatment 172 and the Cochrane Handbook 173, eight additional 

criteria were selected to assess completeness of information (Table 1). One point was accredited per 

reported criterion. ‘Completeness of information’ was defined as the sum of the points divided by 

eight, resulting in rates from 0 (no item on completeness of information available) to 1 (all items on 

completeness of information available). The packaging was defined as ‘described’ if the design (daily, 

weekly or monthly) and the number of cavities were reported. Criteria 7 and 8, concerning medication 

not packed in the drug reminder packaging, were not applicable if it was stated that all medication was 

packed into a drug reminder packaging device. Results were calculated according to the adjusted 

denominator. 

 

Table 1. List of additional criteria for completeness of information. 

Each available criterion is accredited with 1 point; completeness of information is calculated as the sum of the points 

divided by the number of all applicable criteria. 

1 Description of drug reminder packaging 

2 Description of medication packaging of the control group 

3 Description of intervention conditions 

4 Description of control conditions 

5 Description of all medication used in both groups 

6 Specification of all medication packed in the drug reminder packaging  

7 Specification of medication not packed in the drug reminder packaging 

8 Handling of medication not packed in the drug reminder packaging 
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Outcomes 

Any measurement estimating taking adherence (i.e., an indicator of taken medication) was extracted 

as an adherence outcome. The Economic, Clinical and Humanistic Outcomes (ECHO) model 174 was 

used to classify further study outcomes. Therapeutic drug monitoring, biomarker and physiological 

measurements were categorized as clinical outcomes, unless they were part of a composite adherence 

outcome. A listing of costs was considered as an economic intermediary outcome if compared between 

groups. Patient surveys on handling, opinion or satisfaction with drug reminder packaging were 

considered as humanistic intermediary outcomes if comparison between groups was given. 

Results 
Of the total 855 identified references, 30 fulfilled the inclusion criteria. The PRISMA flow diagram of 

study inclusion and the PRISMA checklist are provided in Additional files 1 and 2, respectively 

(supplementary material). According to the EPHPP assessment tool for study design, 10 studies were 

RCTs, 19 controlled clinical trials and 1 was a cohort study (one group with a pre- and post-intervention 

comparison). Compared to the previously published reviews 147,155,156, a total of 13 studies were 

additionally included, from which 7 were controlled clinical trials, 5 RCTs and 1 was a cohort study.  

Overall, the mean number of participants was 191 (range 14 to 2,081 participants). They were on 

average 62 years old (range 38 to 87 years, not described (n.d.) in five studies), took an average of 3.9 

medications (range 1 to 9 medications, n.d. in 12 studies) and were treated for hypertension (7), 

diabetes mellitus type 2 (3), geriatric conditions (3), Helicobacter pylori infection (2), HIV (2), vitamin 

supplementation (2), chronic mental illness (2), hypercholesterolemia (1), epilepsy (1), pain relief in 

cancer patients (1), anticoagulation (1), and Chlamydia infection (1). Medical conditions were not 

described in six studies of mainly elderly multimorbid patients. The mean study duration was 5.4 

months (range 7 days to 14 months, n.d. in three studies). Table 2 is a summary of the studies (attached 

at the end of the article). 

Effect on adherence 

Considerable variation exists between studies regarding definitions, measures and calculations of 

adherence. Taking adherence was estimated in 27 studies (90%). Pill count (15 studies) and patient 

self-report (12 of which 1 was electronic) were the most used measures. Other methods included refill 

data (6), therapeutic drug monitoring (5), appointment keeping (2) and clinical measures (2). Eleven 

studies used composite adherence measures. The calculation of adherence was unclear in three 

studies 151,175,176.  

A significant effect of drug reminder packaging was reported in 17 studies and concerned at least one 

of the measured adherence parameters. Six of these 17 studies were not incorporated in the previous 

reviews (Table 2).  
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Twelve studies reported significant adherence improvement in the group with drug reminder 

packaging as part of a multiple intervention strategy 49,159,176-185. The effect on adherence was also 

significant when drug reminder packaging was a single intervention 160,182-189; however, it was less 

pronounced in direct comparison with multiple interventions 182-185. 

Methodological quality and completeness of information  

Methodological quality was rated as strong for 5 studies, moderate for 12 and weak for 13. Overall, 

weaknesses were in the methods used for data collection (mostly not valid and not reliable) and the 

report of confounders and their comparison between groups (insufficient or missing). The most 

accurate standard in statistical analysis, the intention-to-treat analysis, was applied by seven studies. 

The number of studies with strong and moderate methodological quality doubled after 1996, the year 

of the first publication of the CONSORT statements 190, while the number of weak methodological 

quality studies diminished by a factor of 3. 

Completeness of information ranged from 0 to 1.0 with a mean score of 0.3. Two studies 49,185 gave 

complete information for all required details. Reported criteria for the completeness of information 

are depicted in Figure 1. Criteria 7 and 8 were not applicable for 5 studies 49,159,183-185 and practically 

non-existent in all 25 remaining studies (criterion 7: 0; criterion 8: 1). Information on the person in 

charge and place of intervention were often missing from the description of the intervention and 

control conditions. Figure 2 shows the included studies according to their methodological quality, 

completeness of information and outcome measures. 

 

Figure 1: Distribution of the eight criteria defined for the completeness of information (n = 30 studies). 
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Figure 2: Consolidation of results of outcomes, methodological quality and completeness of information. Each 

box represents one study numbered as in Table 2, plotted in a segment of reported outcome(s) and at a height 

based on its methodological quality. Completeness of information is indicated by the size of the box, with 

values between 0 (e.g., study no. 21) and 1 (e.g., study no. 12). Bold frames are for the additionally included 

studies compared to previously published reviews 147,155,156. No filling indicates at least one outcome was 

statistically significant and shading indicates none of the outcomes were statistically significant. A, adherence; 

C, clinical outcome; E, economic outcome; H, humanistic outcome. 

 

Outcomes 

Two studies assessed direct costs as intermediary economic outcomes 183,184 and there was a significant 

increase in prescription costs. However, a cost-effectiveness analysis that would qualify as an 

economic outcome according to the ECHO model was not reported. 

Clinical outcomes were measured in 16 studies using one or several parameters: blood pressure (6), 

glycosylated hemoglobin (HbA1C) (2), psychiatric symptoms (2), low-density lipoprotein cholesterol 

(LDL-C) levels (1), pain reduction (1), number of seizures (1), plasma levels of anticonvulsant drugs (1), 

viral load (1), CD4 cell count (1), number of opportunistic infections (1), hospitalizations (1), 

percentages of sub-therapeutic international normalized ratio (INR) values (1), time within the 

therapeutic INR range (1) and 13C-urea breath test (1). 

Of these 16 studies, 7 were not incorporated in the previous reviews. Five of the seven additional 

studies showed a statistically significant effect 49,175,188,191,192. In one study, LDL-C levels and blood 

pressure were significantly reduced after eight months compared to the baseline for patients using 

drug reminder packaging (LDL-C: −4.8 mg/dl, P = 0.001; systolic blood pressure: −6.9 mmHg, P = 0.005; 

diastolic blood pressure: −2.5 mmHg, P = 0.04) 49. In a study with diabetes mellitus type 2 patients, 

HbA1C was significantly reduced (−0.74%, P < 0.0001) and patients who took ≥5 tablets/day, ≥3 
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hypoglycemic drugs/day and were <55 years old had the largest benefit from drug reminder packaging 

191. In other studies, pain reduction was effective in cancer patients (P < 0.0001) 192, the number of 

opportunistic infections and hospitalizations decreased significantly in HIV patients (P < 0.05) 188, the 

percentages of sub-therapeutic INR values with oral anticoagulation (warfarin) decreased (P = 0.04) 

and time within the therapeutic INR range increased significantly (P = 0.03) 175. Of the ten studies with 

multiple adherence-enhancing strategies in the intervention group, six showed significantly improved 

clinical outcomes 49,175,181,182,192,193. The clinical outcomes of all studies are presented in Table 2. 

Two studies reported humanistic outcomes 159,161. The usability of drug reminder packaging was rated 

significantly higher than the usability of usual packaging 161. Safety issues related to the intervention 

were addressed by two studies 159,181. 

Clear gaps emerged from the overall results. Aside from methodological weaknesses (under-reporting 

of quality issues) and incomplete information (under-reporting of control settings and specification of 

medication), economic outcomes (cost-effectiveness), humanistic outcomes and safety issues are 

lacking. 

Discussion 
Although more than half of the studies included in this review reported significant effects, only three 

studies were graded as methodologically strong. Drug reminder packaging had a significant effect on 

adherence in a geriatric population 177, for chronic mental illness 178 and for cardiovascular disease 49. 

The overall effect of drug reminder packaging on adherence parameters remains inconclusive, as 

reported by previous reviews with more restrictive selection criteria 147,155,156. Three studies reported 

a significant effect on adherence but not on clinical outcomes 159,178,182. Thus, the question of how much 

adherence is necessary for altering treatment success is raised and there is a requirement to present 

the clinical benefits for the patients 194. We observed that drug reminder packaging offers a broad field 

of application and is mostly used for polypharmacy. As a consequence, disease-unspecific, 

generalizable clinical outcomes like morbidity or re-hospitalization rates would provide viable and 

comparable results rather than measures of disease-specific clinical parameters. Only two trials 

investigated such outcomes 188,195, with one showing that drug reminder packaging significantly 

reduced the mean hospitalization rate. 

We included five RCTs in the evidence map that were excluded by three previous reviews 147,155,156 

because of their multiple intervention design. In a direct comparison (factorial trials), the effect was 

higher with multiple interventions, which is consistent with previous findings 126,155. Yet, the evidence 

is limited, for these trials were graded as weak in methodological quality. 
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The overall methodological quality of the studies included is poor and thus evidence for the effect of 

drug reminder packaging on adherence is low. We used a quality assessment tool that is applicable to 

a variety of study designs and was specifically developed to provide research evidence for studies on 

public health services with a focus on behavior change education 163. In comparison to previous 

reviews, we were able to include four additional studies of strong methodological quality 49,177,191,196. 

However, information on intervention and control settings was incomplete in three of these additional 

studies (completeness scores: 0.13, n = 2; 0.25, n = 1). As a consequence, being graded as strong and 

complying with all the criteria for completeness of information was observed in one out of the 30 

studies included 49. It therefore represents a thin basis for informed clinical decision support. 

The increasing number of methodologically strong trials after 1996, the year when the CONSORT 

statements were released, is intriguing and probably follows from under-reporting in studies published 

before 1996. Various authors indeed stated that complete reporting of methodological quality 

according to the CONSORT criteria was inadequate, but that poor reporting did not necessarily 

correlate with the quality of how the trial was conducted 197-200. The CONSORT statements of non-

pharmacological treatment require ‘precise details of both, the experimental treatment and the 

comparator’ 172 and omission of trial details has been shown to lead to decreased uptake of trial results 

into clinical practice 201,202. Thus, to obtain valuable and reliable study results, high methodological 

quality and detailed information are crucial. 

Most studies were designed as RCTs, which provide the most reliable results through the minimization 

of confounding. However, RCTs might not be the appropriate design for all research questions and 

settings, especially in the field of behavior research. Alternative designs might be worth considering. 

Firstly, randomized allocation of study participants to a predefined intervention may not be practicable 

since tailored interventions, in respect of patients’ needs and abilities, are expected to be the most 

effective 126. Secondly, in studies on survival outcomes for HIV patients, investigating adherence-

enhancing strategies in a randomized controlled fashion has been declared to be ethically difficult 

203,204. The reason for this declaration was the assumption that allocation to the control condition 

equaled withholding a tool, which could possibly lead to higher survival rates through an optimal 

clinical response due to increased adherence 203,204. Thirdly, behavioral interventions are often complex 

and can only be controlled poorly under real-life conditions and therefore randomization might not be 

practical in a primary care setting 205. Consequently, confounding could even persist despite 

randomization. Alternatives to conventional randomization designs, i.e., randomization at the patient 

level, include pre- and post-cohort studies, historical control studies, pre-randomized designs and 

cluster randomization 206. 
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More studies could be included and research gaps identified using our approach of evidence mapping. 

Patient-relevant disease-unspecific long-term clinical outcomes, e.g., (re-)hospitalization, admission to 

a nursing home, etc., were neglected. Economic outcomes as defined by Kozma et al. 174 were not 

reported in any study on drug reminder packaging. This may be due to the fact that drug reminder 

packaging is generally supposed to be inexpensive, and thus cost-effective. Humanistic outcomes were 

measured in two studies 159,161, which is insufficient for judging whether a condition optimally treated 

through drug reminder packaging leads to increased quality of life. Improved adherence could lead to 

increased adverse events as well. However, safety issues were reported by two studies only 159,181. 

Patient satisfaction and other aspects of safety, such as opening medication packaging, confusion with 

new packaging and decreased ability to identify one’s own medication 148,153,207,208, were hardly 

mentioned by the studies. 

Our study has strengths. First, evidence mapping allows the inclusion of more studies and gives an 

overall view of the subject. Second, the tool used to assess methodological quality is independent of 

study design (EPHPP) and was developed specifically to assess studies within the scope of public health. 

Third, with completeness of information, a further element for judging quality is added. Fourth, the 

consolidation of adherence outcomes and economic, clinical and humanistic parameters allows an 

overall presentation and highlights research gaps. Our study has limitations also, such as the language 

restriction, which led to the exclusion of articles considered relevant. Information may also have been 

missed due to the exclusion of studies performed in developing countries. 

A suggestion for future research is to develop methodologically strong studies reporting complete 

information to clarify the effect of drug reminder packaging on medication adherence. 

Conclusions 
New information was extracted from the 30 studies included and several studies had statistically 

significant and relevant results for adherence and clinical outcomes with drug reminder packaging. 

However, firm conclusions cannot be given for the effect of drug reminder packaging on adherence, 

mainly because the studies lack methodological quality and the information was incomplete. The main 

research gaps concerned economic, disease-unspecific clinical outcomes and humanistic outcomes. 

Safety issues and satisfaction with the intervention were marginally reported. Researchers of 

behavioral interventions might consider alternative study designs for similar research questions, 

without neglecting methodological issues and reporting important details. Future research should aim 

at filling the observed gaps with a focus on patient safety and the benefit to patients as well as on 

implementable and valuable interventions. Drug reminder packaging should be distributed with 

respect to patient needs, requests and abilities. 
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Table 2 
 

Table 2. Summary of the 30 included studies. 

No Author Design n Duration Intervention 
Drug reminder 

packaging 
Outcomes Effect 

Methodologica

l Quality 

Compl. of 

Information 

1 Ascione 177 

(1984) 

cct 158 n.d. Drug reminder packaging, 

counseling 

n.d. A: Self-report*: Unclear Strong 0.13 

2 Azrin 178 (1998) cct 39 2m a. Drug reminder packaging, 

counseling with family 

member vs.  

b. Drug reminder packaging, 

counseling vs.  

c. Psychoeducational 

condition 

Multicompartment 

adherence aid 

A: Pill count*: 

 

a. vs. baseline: 95.03 vs. 76.24 

(p<0.05, Ø CI) 

b. vs. baseline : 92.01 vs. 69.52 

(p<0.01, Ø CI) 

c. vs. baseline: n.s. 

Strong 0.13 

C: Symptoms Checklist 90-R: n.s. 

3 Becker 209 

(1985) 

cct 180 12m Drug reminder packaging Multidrug punch 

card 

A: Pill count, self-report, 

self-report + bp: 

n.s. Moderate 0.38 

C: Bp: n.s. 

4 Binstock 193 

(1988) 

cct 112 12m a. Counseling vs.  

b. Drug reminder packaging, 

counseling vs. 

c. Drug reminder packaging, 

counseling, other aids vs.  

other interventions 

n.d. A: Self-report: a., b., c.: n.s. Weak 0.25 

C: sbp*, dbp*: b. vs. a.: 133/80mmHg vs. 

148/89mmHg (p<0.01, Ø CI) 

c. vs. a.: 134/84mmHg vs. 

148/89mm Hg (p<0.01, Ø CI) 

b. vs. c.: n.s. 

5 Crome 210 

(1980) 

cct 26 10d Drug reminder packaging Multicompartment 

adherence aid 

A: Pill count: n.s. Weak 0.25 

6 Crome 211 

(1982) 

cct 78 4w Drug reminder packaging Multidrug punch 

card 

A: Pill count: n.s. Weak 0.25 

7 Eshelman 
186(1976) 

cct 100 n.d. Drug reminder packaging n.d. A: TDM*: “Adherent” patients: 97% vs. 

69% (p<0.05, Ø CI) 

Moderate 0.13 

Pill count: n.s. 

Self-report: Unclear 

8 Fairley 179 

(2003) 

rct 43 5m Drug reminder packaging, 

counseling, other aids 

Multicompartment 

adherence aid 

A: Self-report*: Total Morisky-Score: 3.3 vs. 

2.9 (p=0.006, Ø CI) 

Moderate 0.13 
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Table 2. Summary of the 30 included studies. 

No Author Design n Duration Intervention 
Drug reminder 

packaging 
Outcomes Effect 

Methodologica

l Quality 

Compl. of 

Information 

Rate of patients with a 

Morisky-Score of 0: 29% vs. 

49% (p=0.04, Ø CI) 

C: CD4-cell count, viral load: n.s. 

9 Henry 196 

(1999) 

cct 119 10d Drug reminder packaging, 

counseling, other aids 

Multidrug punch 

card 

A: Pill count + self-report: n.s. Strong 0.25 

C: 13C-UBT: n.s. 

10 Huang (TRACE) 
187 (2000) 

rct 184 2m Drug reminder packaging Multicompartment 

adherence aid 

A: Pill count, self-report, 

TDM: 

n.s. Moderate 0.38 

11 Huang (VITAL) 
187 (2000) 

cct 297 Unclear Drug reminder packaging 

(multidrug punch card vs. 

multicompartment) 

 

Multidrug punch 

card, 

Multicompartment 

adherence aid  

A: Pill count*: Patients who took >90% of 

pills taken: 93% vs. 87% 

(p=0.05, Ø CI) 

Moderate 0.38 

Self-report*: 

 

Positive answer to question 

‘forgot to take pills’: 21% vs. 

31% (p=0.05, Ø CI);  

self-report total score n.s. 

TDM: n.s. 

12 Lee JK 49 (2006) rct 200 14m Drug reminder packaging, 

counseling, regular follow-

up 

Multidrug punch 

card 

A: Pill count*: 95.5 vs. 69.1 (p<0.001, Ø CI) Strong 1.0 

C: sbp*: Drug reminder packaging vs. 

baseline: -6.9mmHg (p=0.005, 

CI -10.7- (-3.1) mm Hg) 

dbp*: 

 

Drug reminder packaging vs. 

baseline: -2.5 mm Hg (p=0.04, 

CI -4.9-(-0.2) mm Hg) 

LDL-C*: Drug reminder packaging vs. 

baseline at 8m: - 4.8mg/dl 

(p=0.001, CI -7.8-(-1.9) mg/l) 

Drug reminder packaging vs. 

baseline at 14m: n.s. 
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Table 2. Summary of the 30 included studies. 

No Author Design n Duration Intervention 
Drug reminder 

packaging 
Outcomes Effect 

Methodologica

l Quality 

Compl. of 

Information 

13 Lee M 180 

(1999) 

rct 125 14d Drug reminder packaging, 

counseling, other aids 

Multicompartment 

adherence aid 

A: Pill count*: ITT1 (patients unavailable for 

follow-up took 100% [cg] resp. 

0% [ig] of drugs):  

No. of patients with >60% of 

pills taken: n.s. 

Patients with > 90% of pills 

taken: 87% vs. 71% (p<0.05, Ø 

CI) 

ITT2 (patients unavailable for 

follow-up took 0% [cg + ig] of 

drugs):  

Patients with >60% of pills 

taken: 94% vs. 78% (p<0.05, Ø 

CI) 

Patients with > 90% of pills 

taken: 87% vs. 59% (p<0.01, Ø 

CI) 

Weak 0.25 

14 MacDonald 151 

(1977) 

rct 165 3m Drug reminder packaging, 

counseling 

Multicompartment 

adherence aid 

A: Unclear - Weak 0.25 

15 Maier 191 

(2005) 

rct 2081 6m Drug reminder packaging Multicompartment 

adherence aid 

C: HbA1C*: - 0.74% vs. -0.53% (p<0.0001, 

Ø CI) 

Strong 0.13 

16 McPherson-

Baker 188 (2000) 

cct 42 5m Drug reminder packaging Multicompartment 

adherence aid 

A: MRC*: 75.8% vs. 39.3% (Ø p, CI) 

Drug reminder packaging vs. 

baseline: 75.8% vs. 46.8% 

(p<0.01, Ø CI) 

Weak 0.13 

Appointment keeping*: 

 

76.1% vs. 73.3% (Ø p, CI) 

Drug reminder packaging vs. 

baseline: 76.1% vs.56.7% 

(p<0.05, Ø CI) 

C: (here as proxies for 

adherence) 

 

Mean hospitalizations*: 0.33 vs. 1.04 (p<0.05, Ø CI) 

Opportunistic infections*: Reduction with increased 

medication intake (Ø numbers 

given, p<0.05, Ø CI) 
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Table 2. Summary of the 30 included studies. 

No Author Design n Duration Intervention 
Drug reminder 

packaging 
Outcomes Effect 

Methodologica

l Quality 

Compl. of 

Information 

17 Miaskowsky 192 

(2004) 

cct 174 6w Drug reminder packaging, 

counseling, other aids 

Multicompartment 

adherence aid 

C: Pain reduction*: Relieve in average, worst and 

least pain: Ø numbers given, 

(p<0.0001, Ø CI) 

Moderate 0.25 

Appropriate prescriptions*: 

 

Patients with appropriate 

opioid analgesic prescriptions 

vs. baseline: 37.0% vs. 28.3% 

(p=0.008, Ø CI) 

Change in total amount 

opioids prescribed and 

taken: 

Prescribed: Ø numbers given, 

(p<0.0001, Ø CI) 

Taken: Ø numbers given, 

(p<0.001, Ø CI) 

18 Murray 189 

(1993) 

cct 36 6m Drug reminder packaging Unit-of-use 

packaging 

A: Pill count*: 

Self-report: 

92.6 vs. 79 (p<0.0001, Ø CI) 

No. of pat reporting all 

medication taken: 9 vs. 8 (Ø p, 

CI) 

Weak 0.38 

19 Nochowitz 175 

(2009) 

pre-, 

post-

cohort 

14 3m Drug reminder packaging, 

other aids 

Multicompartment 

adherence aid 

A: Pill count (+/- self-report 

if pills were not available): 

n.s. Moderate 0.38 

C: INR*: Sub-therapeutic INR values 

(<2) vs. baseline: 35% vs. 60% 

(p=0.04, Ø CI) 

Time spent in therapeutic 

range vs. baseline: 56% vs. 

32% (p=0.03, Ø CI) 

20 Park 212 (1992) cct 61 2w Drug reminder packaging ± 

organizing chart, factorial 

Multicompartment 

adherence aid 

A: Electronic self-report: Unclear Weak 0.13 

21 Peterson 181 

(1984) 

rct 53 4m Drug reminder packaging, 

counseling, other aids 

Multicompartment 

adherence aid 

A: MRF*:  “Adherent” patients: 88% vs. 

50% (p<0.01, Ø CI) 

Moderate 0 

TDM*: 

 

Patients within therapeutic 

range vs. baseline: 88% vs. 

48% (p<0.005, Ø CI) 

Appointment keeping: n.s. 

C: Seizure frequency*: Frequency of seizures vs. 

baseline: 2.5 vs. 6 (p<0.01, Ø 

CI) 
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Table 2. Summary of the 30 included studies. 

No Author Design n Duration Intervention 
Drug reminder 

packaging 
Outcomes Effect 

Methodologica

l Quality 

Compl. of 

Information 

22 Rheder 182 

(1980) 

cct 100 3m Drug reminder packaging ± 

counseling, factorial 

Multicompartment 

adherence aid 

A: Pill count*:  No. of pat who took ≥95% of 

pills: Drug reminder packaging 

± mi > mi, Ø numbers given 

(p<0.01, Ø CI) 

Weak 0.63 

C: bp*:  

 

Drug reminder packaging + mi 

vs. baseline: Ø numbers given 

(p<0.02, Ø CI) 

Drug reminder packaging vs. 

baseline: n.s. 

23 Schneider 160 

(2008) 

rct 85 12m Drug reminder packaging Multidrug punch 

card 

A: MPR *:  0.93 vs. 0.87 (p=0.039, Ø CI) 

Patients with their 

prescription refilled on-time (± 

5d): 80.4% vs. 66.1% (p=0.012, 

Ø CI) 

Moderate 0.5 

C: dbp*: No. of patients with decreased 

dbp at 12m: 12 vs. 4 (p=0.031, 

Ø CI) 

sbp: n.s. 

Absolute change in bp: n.s. 

Long-term outcome 

measures: 

n.s. 

24 Simmons 161 

(2000) 

rct 68 8m Drug reminder packaging (Multi-) drug punch 

card 

C: dbp*: 

 

- 5.8mmHg vs. 0.1mmHg 

(p=0.0041, Ø CI) 

Moderate 0.13 

sbp: n.s. 

HbA1C*:  - 0.95% vs. -0.15% (p=0.026, Ø 

CI) 

H: Usability*: 77% vs. 27% (p<0.001, Ø CI) 

25 Skaer (NIDDM) 
183 (1993) 

cct 258 12m Drug reminder packaging ± 

refill reminder (rr), factorial 

Unit-of-use 

packaging 

A: MPR*  

 

Drug reminder packaging vs. 

cg: 0.71 vs. 0.58 (p ≤ 0.05, Ø 

CI) 

rr+drug reminder packaging 

vs. cg: 0.87 vs. 0.58 (p ≤ 0.05, 

Ø CI) 

rr+drug reminder packaging 

vs. drug reminder packaging: 

0.87 vs. 0.71 (p ≤ 0.05, Ø CI) 

Weak 0.33 
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Table 2. Summary of the 30 included studies. 

No Author Design n Duration Intervention 
Drug reminder 

packaging 
Outcomes Effect 

Methodologica

l Quality 

Compl. of 

Information 

E:  Drug reminder packaging vs. 

cg: 

Prescription expend.* : +$74.09 (p ≤ 0.05, Ø CI) 

All other expend.: n.s. 

 rr+drug reminder packaging 

vs. cg: 

Prescription expend.* : +$124.86 (p ≤ 0.05, Ø CI) 

Physician expend.* : -$66.79 (p ≤ 0.05, Ø CI) 

Laboratory expend.*: -$18.05 (p ≤ 0.05, Ø CI) 

Hospital expend.*: -$107.69 (p ≤ 0.05, Ø CI) 

Total expend.*: -$67.67 (p ≤ 0.05, Ø CI) 

(per capita) 

26 Skaer (BP) 184 

(1993) 

cct 304 12m Drug reminder packaging ± 

refill reminder (rr), factorial 

Unit-of-use 

packaging 

A: MPR* Drug reminder packaging vs. 

cg: 0.67 vs. 0.56 (p ≤ 0.05, Ø 

CI) 

rr+drug reminder packaging 

vs. cg: 0.79 vs. 0.56 (p ≤ 0.05, 

Ø CI) 

rr+drug reminder packaging 

vs. drug reminder packaging: 

0.79 vs. 0.67 (p ≤ 0.05, Ø CI) 

Weak 0.33 

E: Drug reminder packaging vs. 

cg: 

Prescription expend.*: +48.17$ (p ≤ 0.05, Ø CI) 

All other expend.: n.s. 

 rr+drug reminder packaging 

vs. cg: 

Prescription expend.*: +104.39$ (p ≤ 0.05, Ø CI) 

Physician expend.* : -78.41$ (p ≤ 0.05, Ø CI) 

Hospital expend.*: -89.54$ (p ≤ 0.05, Ø CI) 

Laboratory expend. : n.s. 

Total expend.* : -75.28$ (p ≤ 0.05, Ø CI) 

(per capita) 
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Table 2. Summary of the 30 included studies. 

No Author Design n Duration Intervention 
Drug reminder 

packaging 
Outcomes Effect 

Methodologica

l Quality 

Compl. of 

Information 

27 Solomon 185 

(1988) 

cct 372 7d Drug reminder packaging ± 

videotape ± telephone 

interview, factorial 

 

Unit-of-use 

packaging 

A: Self-report (non-

compliance score)*: 

Drug reminder packaging vs. 

cg: 30.2 vs. 50.7 (p<0.001, Ø 

CI) 

Drug reminder packaging + 

video-tape vs. cg: 5.5 vs. 11.1 

(p<0.001, Ø CI) 

Moderate 1.0 

28 Valenstein 159 

(2009) 

rct 118 12m Drug reminder packaging, 

counseling, other aids 

Multidrug punch 

card 

A: MPR* : At 6m: 0.91 vs. 0.64 (p < 

0.0001, Ø CI) 

At 12m: 0.86 vs. 0.62 

(p<0.0001, Ø CI) 

Moderate 0.17 

CAM*: 

(MPR + self-report + TDM) 

 

At 6m: 26% vs. 9% (p=0.0003, 

Ø CI) 

At 12m: 17% vs. 9% (p=0.06, Ø 

CI) 

C: Psychiatric symptoms: n.s. 

H: Patient satisfaction, 

quality of life : 

n.s. 

29 Ware 176 (1991) cct 84 3m Drug reminder packaging, 

counseling 

Multidrug punch 

card 

A: Self-report + pill count*: 

 

Patients taking all prescribed 

doses: 

At discharge: 86.7% vs. 66.7% 

(p=0.03, Ø CI) 

At 10d: 69% vs. 41% (p=0.02, 

Ø CI) 

At 1m : 64.4% vs. 38.5% 

(p=0.03, Ø CI) 

At 2m : 57.8% vs. 28.2% 

(p=0.01, Ø CI) 

At 3m: 48.9% vs. 23.1% 

(p=0.03, Ø CI) 

Weak 0.38 

30 Winland-Brown 
195 (2000) 

cct 61 6m Drug reminder packaging Multicompartment 

adherence aid 

A: Pill count: n.s. Weak 0.13 

C: bp, INR, TDM, mood 

stabilization, HbA1C: 

Not reported 

Physician visits: Mean (per patient) vs. 

baseline: 1.5 vs. 1.5 (Ø p, CI) 

Hospital admission: No. of patients vs. baseline: 7 

vs. 4 (Ø p, CI) 
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Table 2. Summary of the 30 included studies. 

No Author Design n Duration Intervention 
Drug reminder 

packaging 
Outcomes Effect 

Methodologica

l Quality 

Compl. of 

Information 

Home visit: No. of patients vs. baseline: 0 

vs. 0 (Ø p, CI) 

Transition to a higher level 

of care: 

Not reported 

The 13 additionally included studies compared to previous reviews 147,155,156 are designated in bold. A, adherence outcomes; (s/d)bp, (systolic/diastolic) blood pressure; C, clinical outcomes; CAM, composite 

adherence measure; cct, controlled clinical trial; cg, control group; Compl., completeness; 13C-UBT, 13C-urea breath test; d, days; E, economic outcomes; expend., expenditures; H, humanistic outcomes; ig, 

intervention group; INR, international normalized ratio; m, months; mi, multiple interventions; no, number; n.s., not significant; rct, randomized controlled trial; TDM, therapeutic drug monitoring; vs., versus; w, 

weeks; *, significant change. 
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Abstract 
Purpose: Numerous studies showed the effectiveness of pharmaceutical care in improving medication 

adherence in primary care patients. However, in daily pharmacy practice, the provision of 

pharmaceutical care appears to be limited. We aimed at quantifying the content of counseling by 

community pharmacy staff during patient contacts, especially adherence counseling, and at 

investigating pharmacist views about their practice of adherence counseling. 

Patients and methods: A Master’s student in Pharmacy observed patient contacts at selected 

community pharmacies in the region of Basel, Switzerland. Content of counseling was manually ticked 

on a checklist with predefined themes (administration, dose, effect, and adherence). Pharmacists 

working in the pharmacy were interviewed on triggers, topics, and barriers in adherence counseling. 

Results: In 20 community pharmacies and during a total of 148.1 hours, 1,866 patient contacts were 

observed. During the 1,476 patient contacts including the dispensing of one or more medications, 

counseling was provided to 799 (54.1%) patients; with 735 (49.8%) patients counseled about 

administration, 362 (24.5%) about dose, 267 (18.1%) about effect, and 99 (6.7%) about adherence. 

Significantly more patients received counseling when they obtained prescribed versus over-the-

counter medication (P=0.002), a new prescription versus a repeat prescription (P<0.001), or when they 

were served by a pharmacist versus by another staff member (P<0.001). Of the 33 interviewed 

pharmacists, all except one reported actively approaching patients for adherence counseling. Triggers 

included medication-related and patient-related factors. The pharmacists named predominantly 

product-centered topics of adherence counseling. The most cited barriers were rejection of counseling 

by the patient and lack of time. 

Conclusion: Half of the patients receiving one or more medications were counseled, and only 6.7% of 

all contacts included explicit adherence topics. Future studies should clarify how barriers to adherence 

counseling at the community pharmacy can be overcome. 

Keywords: pharmaceutical care, community pharmacy, medication adherence 
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Introduction 
Pharmaceutical care has been defined as “…the pharmacist’s contribution to the care of individuals in 

order to optimize medicines use and improve health outcomes,”39 and the pharmacist has been 

designated as part of the health care team for added value in the health care system.42,52,213 

Pharmaceutical care activities practiced by community pharmacies have been shown effective in 

improving medication adherence.44-51  Face- to-face counseling during dispensing of medication is part 

of pharmaceutical care.42  Counseling can include providing education to patients (eg, about therapy, 

their condition), intervening in a patient’s drug therapy (eg, optimizing intake times), and ultimately, 

helping improve medication adherence.214  Previous studies reported significantly improved adherence 

and persistence through targeted counseling by community pharmacists.215-217 

Counseling practice in community pharmacies has been reported to be limited. In a pan-Europe 

comparison in 2009, the mean total score of pharmaceutical care provision, expressed as a percentage 

of the total score achievable, ranged from 31.6% to 52.2%.218  Patient counseling was reported to be 

only a minor task in every day practice in the community pharmacy,219-222  and communication was 

predominantly nonmedical or product-centered, instead of patient-centered.223-225 

At the dispensing of prescription medication, Swiss pharmacists are reimbursed for providing 

counseling on dose, frequency, administration, duration of use, storage, and potential adverse 

effects.226  Introduced in 2005, this was the first acknowledgment of cognitive services delivered by 

community pharmacists to improve the patients’ use of medication. Additionally, the provision of a 

dose-dispensing aid by the pharmacy is reimbursed.227 

To our knowledge, the current counseling practices in Swiss community pharmacies have not yet been 

addressed, especially the content of adherence counseling. The aim of this study was to quantify the 

content of counseling by community pharmacy staff during patient contacts, with a specific focus on 

adherence counseling, and to investigate the views of community pharmacists about their practice of 

adherence counseling. 

Materials and Methods 
Of 106 community pharmacies in the region of Basel, Switzerland, community pharmacies that had 

participated in previous studies228,229  were approached consecutively, according to a random number 

list, until the sample size of 20 was reached. This number was calculated to enable approximately 2,000 

patient contacts, assuming that counseling would take 5 minutes and one investigator could observe 

approximately 100 patients during 8 hours. We did not perform analysis of health communication 

between pharmacy staff and patients, but rather observed and quantified the content of counseling. 

A Master’s student in Pharmacy observed the patient contacts of the pharmacy staff in sequential 
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order during 1 day at each pharmacy. The observation began at the entrance of one patient into the 

pharmacy and lasted until the departure of this patient; thereupon, the student observed the next 

patient who entered the pharmacy. Information about the staff member serving the patient, the 

number of dispensed medications, and content of counseling were manually ticked on a checklist. The 

checklist enabled ad hoc coding of the patient contacts by allocation into two categories (“medication 

on prescription” and “medication over the counter”), as well as the coding of four themes 

(“administration”, “dose”, “effect”, and “adherence”) and 12 topics of adherence counseling. The 

latter were deduced from published recommendations (Table 1).230  Observation time and 

characteristics of the pharmacy and the team were simultaneously assessed. At the end of the 

observation time, an interview was performed with all present pharmacists, consisting of two closed-

ended questions (active approach to patients about adherence and frequency of active approach per 

month) and three open-ended questions (triggers, topics, and barriers in adherence counseling). 

We defined explicit adherence counseling as provision of patient-centered information that directly 

addresses the spectrum of adherence problems, including unintentional (ie, the patient is physically or 

cognitively unable to adhere) and intentional nonadherence (ie, the patient is not willing to adhere); 

this included the use of targeted questioning (“have you missed any pills in the past week”), offer of 

refill reminders and dose-dispensing aids, reinforcement, etc.230  We defined implicit adherence 

counseling as provision of product-centered information, eg, information on administration or dose. 

This information does not directly address adherence but might prevent unintentional nonadherence. 

Coded patient contacts were quantified and analyzed statistically within the sample of patients 

obtaining one or more medications. Answers from the interviews were categorized and analyzed 

quantitatively. We used SPSS V. 20 (IBM Corp., Armonk, NY, USA) for Windows for descriptive and 

comparative (χ2-test) calculations. A P-value of ≤0.05 was considered statistically significant. Missing 

data were excluded from analysis. 

Results 
During February and March 2010, 21 community pharmacies were approached, 20 took part in the 

study, and one pharmacy declined participation without specification of a reason. The pharmacies 

were located in the city center (eight), in residential districts (eight), and in shopping centers (four). Of 

a median of 9.25 opening hours (range 8.75–11.5), 7.5 hours (range 6.5–7.75) were observed per day 

and pharmacy. The observation day was equally distributed over the weekdays (Tuesday [five]; 

Monday, Wednesday, and Thursday [four]; and Friday [three]). The median number of working staff 

members was two pharmacists, three pharmacy technicians, and one apprentice, respectively. 
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During the total observation time of 148.1 hours, 1,866 patient contacts were observed, of which 21 

resulted in a referral to the physician, 18 in further inquiry by phone or fax with the physician, and 

eight in a refusal of dispensing. A total of 1,476 patient contacts included the dispensing of one or 

more medications, constituting the basis sample for statistical analysis (Figure 1). Of 2,789 products 

dispensed, 1,742 (62.5%) were on prescription and 1,047 (37.5%) were “over the counter” (OTC). 

Counseling was provided to 799 (54.1%) patients, with 735 (49.8%) patients counseled about 

administration, 362 (24.5%) about dose, 267 (18.1%) about effect, and 99 (6.7%) about adherence 

(Figure 2). The total number of observed counseling events was 1,800, with most patients receiving 

counseling on two (55.4%) or three (21.2%) themes. Explicit adherence counseling (n=130) mostly 

included comprehensive instruction (49 [37.7%]) and counseling on knowledge of disease and 

medication (36 [27.7%]) (Table 1). Significantly more patients solely obtaining prescription medication 

were provided with overall counseling compared with those solely obtaining OTC medication (57.3% 

vs 50.2%) (χ2=7.1, P=0.002; n=1,402). In the same groups, the single theme “effect” was observed 

significantly more often in patient contacts with the dispensing of OTC than in patients contacts with 

the dispensing of prescription medication (31.3% vs 6.3%) (χ2=148.3, P<0.001; n=1,402). There was no 

significant difference in frequency of adherence counseling for prescription vs OTC medication (7.1% 

vs 5.9%) (χ2=0.9, P=0.17; n=1,402). 

Focusing on the 757 patients solely receiving prescription medication, 421 (55.6%) had a new 

prescription, 293 (38.7%) requested a repeat prescription, 26 (3.4%) had both, and 17 (2.2%) were not 

specified (Figure 1). The pharmacy staff provided overall counseling to significantly more patients with 

new prescriptions compared with patients with repeat prescriptions (74.1% vs 33.8%) (χ2=115.0, 

P<0.001; n=714). There was no significant difference in frequency of adherence counseling in these 

two groups (new vs repeat prescriptions: 7.1% vs 4.4%, respectively) (χ2=2.2, P=0.14). 

Of all patients receiving one or more medications (n=1,476), 368 (24.9%) were served by a pharmacist, 

1,075 (72.8%) by another staff member (eg, pharmacy technician or apprentice), and 33 (2.2%) by a 

combination of both. Significantly more patients received counseling when they were served by a 

pharmacist compared with other staff members (62.1% vs 51.2%) (χ2=14.1, P<0.001). Adherence 

counseling was provided to twice as many patients when served by a pharmacist compared with other 

staff members (10.7% vs 5.2%) (χ2=14.2, P<0.001). 

Of 390 patients who did not receive a medication at the observed contact (eg, buying dose-dispensing 

aids, ordering out-of-stock medication), 42 (10.8%) received counseling. 
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Interview 

Among the 20 community pharmacies, 33 pharmacists participated in the interview (with median two 

and range of one to three pharmacists per pharmacy) and were mainly women (69.7%), with a median 

age of 41 (range 25–68) years and a median duration of 14 (range 1–43) years after university 

graduation. They worked with a median of 90% employment at the community pharmacy (range 40%–

100%). All pharmacists except one reported actively asking patients about their adherence, and 20 

(60.6%) did so on a daily basis. Figures 3 and 4 illustrate named triggers and topics of adherence 

counseling. Barriers included rejection by the patient (15 [45.5%]), lack of time (12 [36.4%]), lack of 

patient data (seven [21.2%]), lack of checklists and demo material (six [18.2%]), lack of confidential 

room (five [15.2%]), lack of remuneration (three [9.1%]), and “Other” (19 [57.6%]). 

Discussion 
Counseling was provided to half of the patients receiving one or more medications and occurred more 

frequently when the medication was on prescription, on a new prescription, or if patients were served 

by a pharmacist. The content of the counseling mostly included information on medication 

administration and dose. Only 6.7% of the patients obtaining medication received explicit adherence 

counseling, significantly more of them if the pharmacist was involved in the dispensing. However, most 

pharmacists seemed motivated to provide adherence counseling. They named a lot of triggers but also 

barriers to start adherence counseling and mostly named topics for adherence counseling, which only 

implicitly addressed the issue. 

Due to easy access, regular patient visits, the possibility to monitor medication refill frequency, and 

the competences of the pharmacist, the community pharmacy seems to be a predestined place for 

counseling about adherence. In our study, we showed that if pharmacy staff counseled, they counseled 

about more than one theme, indicating motivation and assumption of responsibility for safe and 

effective medication management. If only looking at prescription medication, unsurprisingly, 

dispensing of first prescriptions largely predominated in the number of patients provided with 

counseling. A considerable percentage (74.1%) of these patients were counseled. Apart from the need 

to ensure the patient’s knowledge at first use, the patient filling a first prescription also seems to 

expect more counseling, which might result in facilitating counseling.231  Still, explicit adherence 

counseling plays a very small part in both situations, dispensing of a new and of a repeat prescription. 

Because the pharmacist is able to detect nonadherence in patients with long-term therapy, eg, by 

analyzing medication refill frequency, we expected adherence counseling to occur more in patients 

with repeat prescriptions.  

Evidence that community pharmacy interventions have been successful in improving health outcomes 

and adherence have accumulated,44-50,232-235  and two Cochrane reviews concluded that the 
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pharmacists’ cognitive services were beneficial for safe and effective medication use.51,52  However, 

our study confirms results of earlier studies showing that community pharmacies provided limited 

pharmaceutical care services,218,220,236-238  indicating a problem of implementation in daily practice. 

Studies on counseling in community pharmacies were conducted using patient and pharmacist 

surveys, observation, and simulated patient visits.239,240  They mostly reported on pharmacists’ 

behavior only, with a total counseling rate of 8%–100%.240  Similar to our study, predominant 

categories of counseling were administration and dose, and hence were more product- than patient-

centered.223-225,240  A large proportion of communications (26%–40%) between pharmacists and 

patients was reported to be nonmedical.237,238  The only observational study specifically investigating 

adherence counseling was performed with pharmacy students, who had a lack of specific training in 

adherence management and of resources, and therefore reported not to address adherence in 

counseling sessions.241  A German study showed that pharmacists documented “evidence of 

nonadherence” in only 1.6% of all assessed drug-related problems during patient contacts in 

community pharmacies, indicating that the pharmacists had difficulties in identifying nonadherence.242 

We showed that pharmacists provided more counseling than pharmacy staff, which confirms the 

results of another study.236 Differences may arise from the more detailed knowledge about therapy 

and disease, more intense training, and from the assumption of the responsibility for safe and effective 

medication use by the patients. This knowledge and attitude, however, should be transferred to the 

whole pharmacy team. 

In our study, the comparison of observed counseling practice (observed adherence counseling of 6.7%) 

with pharmacists’ interview responses (60.6% indicated actively approaching patients with adherence 

issues every day) reveals a discrepancy between our definition and the pharmacists’ opinions about 

the topics of adherence counseling. We defined the topics more explicitly, whereas the most 

frequently named topics by the pharmacists were implicit. Several problems could arise from the 

implicit approach. First, the patients might not understand the purpose of the counseling and reject it. 

Second, while some unintentional nonadherence problems might be clarified with counseling on 

administration and dose, intentional nonadherence might be completely overlooked. Literature has 

described habits of pharmacists mainly asking standardized questions, eg, “Do you have any 

questions?”; at the same time, authors have suggested a more considerate and individualized 

approach according to patients’ needs, and the necessity of engaging patients in counseling.225,243,244  

Such an approach would include a more direct addressing of adherence. Further, almost all topics on 

our predefined list of explicit adherence counseling were named by the pharmacists, indicating that 

they were familiar with most of the topics, though less frequently addressed them during the observed 

patient contacts. 
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The most frequently reported barrier was rejection of the offered counseling by the patients. This has 

also been shown in other studies, with 41%–63% of patients declining offered counseling.231,237  

Expectations of patients have been shown to not coincide with the recent development of the 

pharmacist’s role.244,245  Qualitative studies reported patient tendency to rely solely on the physicians, 

recommendations and to deny the pharmacists’ competences.246,247  This attitude persisted even in 

patient-centered consultations248  and was confirmed by a recent study that collected data over 15 

years.249 

It seems logical that patients with prescribed medications obtain more counseling, on one hand 

because the medication plan usually is more complex, including long- and short-term medication for 

serious diseases, hence counseling might be more relevant. On the other hand, the counseling about 

prescribed medication is remunerated by a medication tax of CHF 4.20 (= US$ 4.60) per prescribed 

item. Nevertheless, lack of adequate remuneration was only named by 9.1% of the pharmacists as 

barrier for adherence counseling. Remarkably, counseling was also given without product sale. 

Apart from the structural factors discussed above, several procedure-related factors were identified, 

which hinder pharmacists in counseling, and patients in asking questions. Time constraints pose such 

a barrier.241,249-251  However, surveys on pharmacists’ activities revealed that pharmacists were mainly 

occupied with traditional product-centered activities, such as business management, logistics, and 

product assembly, than with patient-centered activities, like counseling.219,221,222  In our study, we 

observed that pharmacists had fewer patient contacts in relation to their presence compared with the 

rest of the staff. Consequently, the problem could be designated as time mismanagement, and 

reconsiderations of staffing and of assignment of responsibilities might be a solution. 

Another barrier to patient-centered, individualized counseling is the lack of privacy, named by the 

pharmacists in our study and also reported elsewhere.236,246,251  Most people certainly are 

uncomfortable discussing their sensitive health problems next to a line of others at the counter. The 

traditional conceptualization of the pharmacy accommodations reminds patients more of a shop247  

than of a health care center and hence is not supportive in promoting counseling. 

The limitations of our study firstly include the restriction to one region in Switzerland. Secondly, the 

methodology of observation has been reported to yield variable results but a more holistic picture of 

counseling practice.240  We chose a minimally obtrusive method to observe the counseling, in order to 

prevent the introduction of biases. However, the open approach of the pharmacies and the presence 

of an observer could have triggered pharmacy staff to engage more in counseling practice than usual 

(Hawthorne effect).252  Thirdly, the ad hoc coding without review by second person could have limited 

the results’ reliability. Fourthly, due to the observational setting, we could not evaluate the rate of 
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overall offered counseling. With the most named barrier for adherence counseling being the rejection 

of counseling by the patients, we can assume higher counseling rates at higher acceptance of 

counseling. 

Conclusion 
The unique position of the community pharmacy in the health care chain and the competencies of 

pharmacists make the community pharmacy a predestined place for medication and adherence 

counseling. Pharmacists are motivated to provide counseling but experience several structural and 

procedural barriers in delivering it. In our study, half of patients collecting one or more medications 

received counseling, which was predominantly product-centered, and only 6.7% of the patients 

received adherence counseling. This study revealed insufficient knowledge and gaps in the provision 

of explicit adherence counseling by pharmacists. Future studies should explore the pharmacist–patient 

interaction in depth and clarify how barriers to adherence counseling in the community pharmacy can 

be overcome. 
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Table 1: Definitions and numbers of observed counseling events by counseling domains and topics of explicit adherence counseling 

Counseling domain Definition No. of observed counseling 

(Prescription / OTC)  

Administration Counseling on basic administration issues (e.g. with respect to meals) 435 / 317 

Dose Counseling on dosage, dosing times, intervals, and duration of medication therapy 418 / 226 

Effect Counseling about the effects of the medication 53 / 221 

Adherence Explicit adherence counseling according to the list of topics 73 / 57 

Topics of explicit adherence counseling 

Morisky question Asking the explicit question: “Do you ever forget to take your medication?” 0 / 0 

Adherence Directly addressing adherence, assessing the patients attitude towards adherence, and mentioning the 

importance of adherence 

8 / 2 

Positive reinforcement Acknowledging and encouraging the patients on efforts for adherent behavior 2 / 0 

Motivation Assessing motivation of patient to be adherent and, if necessary, providing support 2 / 2 

Organization Offering facilitation of medication management through stick-on labels, diaries, timers, dose-dispensing aids, 

phone reminders, organization of social support etc. 

9 / 2 

Appointment keeping Reminding the patient of appointments (with physician, refill, monitoring) 1 /1 

Psychological barriers Among others: Forgetfulness, fear of side effects 3 / 0 

Physical barriers Among others: Impaired vision and dexterity, difficulties with swallowing 4 / 0 

Instruction of product Providing comprehensive verbal information on use of the medication in the context of adherence 31 / 18 

Written Information Providing written information on the medication 2 / 5 

Knowledge about disease / therapy Explaining the relation between medication therapy and disease / necessity of therapeutic intervention 10 / 26 

(Self-) Monitoring Instructing the patient about how to perform (self-) monitoring, inclusive instruction on interpretation of 

monitored parameters 

1 /1 

 

 



75: 

PROJECT B1 | Adherence counseling during patient contacts in Swiss 

community pharmacies  
Tables and Figures 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 
Figure 1: Patient numbers and allocations by category and domain. 

 



76: 

PROJECT B1 | Adherence counseling during patient contacts in Swiss 

community pharmacies  
Tables and Figures 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 
Figure 2: Numbers of observed counseling events about administration, dose, effect, and adherence in total 

and according to dispensing category (prescription / OTC) (ntotal = 1’800). 

 

 
Figure 3: Triggers to start adherence counseling named by 31 pharmacists. 
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Figure 4: Topics of adherence counseling named by 33 pharmacists. The topics marked with asterisks 

correspond to the predefined topics of explicit adherence counseling in Table 1. 
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Background and Objective 
Multicompartment blister packaging is thought to facilitate drug intake and enhance compliance. To 

date, reviews could not state clear recommendation for their use 147,156,253. Pharmis® blisters (herein as 

synonym for multidrug punch cards; Figure 1) were introduced in 2002 as first weekly blister packaging 

in Switzerland. They are produced manually with the aid of a software program and have not yet been 

evaluated. Our aim was to assess experiences, benefits, and expenditures of pharmacies providing this 

service. 

Methods 
A national questionnaire based survey was performed including all pharmacies providing Pharmis® 

blister packaging for ≥ 6 months. Questionnaires were piloted and sent to all pharmacies. They had to 

be filled out by a pharmacist or a technical assistant. Pharmacies which did not answer in time were 

contacted by phone. Data was analyzed descriptively by SPSS Vers. 17 for Windows. 

Main Outcome Measures  

Benefits and experiences were measured on 4-point Likert scales and values like time, expenditures or 

compliance rate were numeric estimates. 

Results 
A total of 52 pharmacies provide Pharmis® blisters in Switzerland. The return rate of the questionnaires 

was 76% (n=40). Pharmacies were situated in the German speaking part of Switzerland (Figure 1), 

mostly in rural and peripheral areas (78%) and were mainly members of a grouping (60%). All were 

community pharmacies except for one hospital pharmacy. 

 

 
Figure 1: Pharmis blister (left); Distribution of Pharmis® distributing pharmacies in Switzerland;  = > 2 

pharmacies,  = 2 pharmacies,  = 1 pharmacy per city, village (right). 
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Patients 

Numbers and distribution of patients see Table 1/Figure 2. Thirty pharmacies recommended Pharmis® 

blisters actively to their patients and reported a success rate of 31% (± 26%, range 0-100%). They 

recommended Pharmis® blisters to: Patients with multiple medication (29%), patients with compliance 

problems (14%), elderly patients (11%), overstrained patients (9%), and patients after hospital 

discharge (6%). Twenty-nine pharmacies (73%) indicated that the patients were very satisfied with 

Pharmis® blisters. Of 33 pharmacies with ambulatory patients, 31 controlled compliance by pill count, 

if used Pharmis® blisters were brought back. Pharmacies estimated the taking compliance rate of the 

ambulatory patients at 93% ± 4%. 

 

Table 1. Number of patients provided with Pharmis® blisters. 

No., number; amb, ambulatory.. 

Total no. of patients  Mean no. of patients per 

pharmacy (range) 

Total no. of ambulatory 

patients 

Mean no. of amb patients 

per pharmacy;n=33 (range) 

1’869 48 ± 39 (1-135) 269 8 ± 8 (1-30) 

 

 
Figure 2: Number and distribution of patients provided with Pharmis® blisters (n=1’869). 

 

Expenditures 

Expenditures of time, material, and software for producing one Pharmis® blister was 15.70 CHF (Table 

2). Space requirements for the production were evaluated as appropriate by 72% of pharmacies. 

Difficulties in production were mainly due to the software and it was the main point of dissatisfaction, 

indicated by 32% of pharmacies. 
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Table 2. Estimation of expenditures per production of one Pharmis® blister. 

* neglected for calculation of costs. CHF, Swiss francs; min, minutes; tech. assist., technical assistant. 

Production steps Total 

duration 

(min) 

Proportion of production steps by staff 

member (%) 

Mean time per production step by staff 

member (min) 

Pharmacist Tech. assist. Other Pharmacist Tech. assist. Other 

Administration 6.8 ± 5.6 25.7 ± 2.9 74.2 ± 32.8 0.1 ± 0.8 1.7 5.0 0 

Filling 8.7 ± 4.6 15.1 ± 7.5 80.9 ± 30.4 4.0 ± 16.6 1.3 7.0 0.3 

Control 4.3 ± 3.1 94.5 ± 5.5 5.5 ± 15.5 0 4.0 0.2 0 

Total time required per staff member (min) 7.0 12.5 0.3 

Estimated salaries per hour 60.00 CHF 35.00 CHF -* 

Salary expenditures per blister by staff member 7.00 CHF 7.10 CHF  

Total salary expenditure  

14.10 CHF 

 

Material costs per blister 1.20 CHF  

Software costs per blister 0.40 CHF  

Total expenditures per Pharmis® blister 15.70 CHF  

 

Benefits 

The packaging service is remunerated 21.60 CHF per blister if the patient takes ≥ 3 different 

medications per week and if it is prescribed by a physician. Pharmacies agreed that other benefits 

arose as well from the introduction of Pharmis® blister service (Figure 3). But the gain of new 

customers, patients, and sales increase were mainly negatively valued. Generally the handling of the 

software, preparation, filling, and sealing of the Pharmis® blister was rated rather easy or very easy. 

 

 
Figure 3: Pharmacies’ ratings on benefits perceived after introduction of Pharmis® blisters. 

 

Discussion 
Pharmis® blister distributing pharmacies seem to stay regionally limited, grouped around Pharmis 

GmbH head office. In the French speaking part of Switzerland a French competitive product (Oréus®) 
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is used. The technology did not break through to the hospital setting because medication is seldom 

distributed to individual patients. The devices employed in the nursing home setting are thought to 

relieve the nursing home staff and are not operated by the patients themselves. Only 269 ambulatory 

patients are provided with Pharmis® blisters. Pharmacies perceived the patients as very satisfied. The 

pharmacies recommended blisters actively to a specific group of patients. When asked, they said that 

the acceptance was low in middle aged, mentally sound patients. Pharmis® software was a recurring 

issue and was described as user-unfriendly. However, benefits seem to outweigh expenditures. In the 

aspect of compliance enhancement, Pharmis® blisters seems to have an impact since pharmacies 

estimated remarkably high compliance rates for Pharmis® blister users (93.3%). 

Conclusions 

 The Pharmis® blister packaging service integrates well into daily work of a community pharmacy. 

 Pharmacies estimate high compliance rates for ambulant Pharmis® users. 

 Although benefits for pharmacies and patients overweigh expenditures, still few of the community 

pharmacies in Switzerland provide such service. 

 The full potential of Pharmis® blisters in ambulatory care is only little taped. 

Annex 

 A2.1 Pharmacy survey on multidrug punch card provision 
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Abstract 
Background: Multidrug punch cards are frame cards with 28 plastic cavities filled with a patient’s oral 

solid medication. They are used in primary care to facilitate medication management and to enhance 

adherence. Main criticism concerned handling difficulties and fading knowledge about medication of 

patients using them. This study aimed at exploring daily use, preferences and adherence of primary 

care patients using multidrug punch cards.  

Methods: Community pharmacies in Switzerland recruited primary care patients using multidrug 

punch cards. A mixed methods approach was applied with quantitative interviews performed by 

telephone and qualitative interviews face-to-face.  

Results: Of 149 eligible patients from 21 community pharmacies, 22 participated 2011 in the 

quantitative and 11 participated 2013/14 in the qualitative interview. Patients were very satisfied 

with the multidrug punch cards and stated increased medication safety. All considered adherence as 

very important. Self-reported adherence was 10 (median) on a visual analogue scale (0 = no intake, 

10 = perfect adherence). The absence of package inserts and predefined handling difficulties e.g., 

tablets spiking at removal were not perceived as problems.  

Conclusions: Patients are satisfied with the multidrug punch cards, feel safe, mostly have no handling 

problems and adhere to their treatment. Trust in health-care professionals and patients’ experiences 

emerged as key variables for initiating multidrug punch card use and for medication adherence. This 

mixed methods study invalidates previous concerns about disadvantages of multidrug punch cards. 

Health-care professionals should actively recommend them for primary care patients with 

polypharmacy and poor adherence. 

 

Keywords: pharmaceutical care, community pharmacy, medication adherence, primary care, dose-dispensing 

aids, multidrug punch card, polypharmacy, mixed methods. 
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Introduction 
Medication management i.e., the patient’s ability to self-administrate her/his medication constitutes 

a major preoccupation in a patient’s life 31,254,255. Physical and cognitive barriers hinder patients from 

removing medication from the primary and secondary packaging, from preparing it (e.g., handling a 

measuring cup, tablet-splitting, etc.) and from administering it the right way at the right time in the 

right dosage 35,207,256. Medication administration errors including non-adherence and incorrect use 

belong to the leading causes for adverse drug reactions and related hospitalizations 12,107-109. Elderly 

patients with polypharmacy for chronic diseases are at highest risk for such adverse drug reactions 257.  

The World Health Organization defined medication adherence as “the extent to which a person’s 

behavior - taking medication, following a diet and/or executing lifestyles - corresponds with agreed 

recommendations from a healthcare provider” 37. An average of 50% of patients does not take long-

term medication as prescribed 37, either intentionally (when the patient consciously decides not to 

take the medication) or unintentionally (when the patient is not able physically or cognitively to follow 

his own intent of taking medication as recommended). Non-adherence increases morbidity and 

mortality, decreases quality of life and raises healthcare costs 83,99,103,105,125,166,167. Strategies and aids to 

enhance adherence have been of major interest 143. Dose-dispensing aids such as multidrug punch 

cards and pillboxes have been suggested for unintentionally non-adherent elderly patients with 

complex medication regimen 62,77,145. Current literature reviews state an effect of dose-dispensing aids 

on adherence and clinical outcomes, but robust and reproducible studies are lacking 147,155,258.  

Several studies have described handling difficulties with the use of dose-dispensing aids 32,146,151,259. In 

one study, six out of fifteen patients put the loose tablets from a dose-dispensing aid back into a bottle 

because they could not handle the device 151. Another study reported that patients who elaborated 

their own medication management system tended to return to it after initiation of a prefilled dose-

dispensing aid 32. Such misuse is critical for patient safety. Medication knowledge has been advocated 

as essential for patient safety. Often, prepackaged dose-dispensing aids are delivered directly to the 

patient’s home and thus were observed to reduce contact between the pharmacist and the patient. In 

connection, knowledge about self-administered medication seemed to be poorer in patients with 

dose-dispensing aids than in patients who manage their medication on their own 153,154. A 

recommendation paper of the Royal Pharmaceutical Society criticizes the distribution of dose-

dispensing aids to all patients without assessing their capabilities and needs 152. In Switzerland, one 

single criterion (intake of >3 different medications) is required by the health insurance to supply 

reimbursed dose-dispensing service (repackaging of solid oral medication into dose-dispensing aids by 

a healthcare provider) by the community pharmacy to primary care patients.  
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Two qualitative studies explored the views of patients using various dose-dispensing aids 32,255. Findings 

of these studies indicated that one group of patients saw clear benefits in dose-dispensing aids, 

whereas the other group felt patronized and restricted in liberty. Some of the patients had handling 

problems with the devices and troubles with identifying their medication. Both studies concluded that 

future studies have to clarify which patients benefit most from dose-dispensing aids and how to 

recognize them in primary care. 

Multidrug punch cards are disposable frame cards with plastic cavities, sealed with a foil backing, with 

typically 28 compartments, filled by pharmacy staff, by a specialized company or an automated system 

(Figure 1). They provide a visual reminder for medication intake, the possibility of adherence self-

monitoring and the saving of time, costs, healthcare resources (e.g., home care nursing), and 

medication waste. Multidrug punch cards were introduced in Switzerland in 2002 together with a 

documentation software for community pharmacies 157.  

 

 
Figure 1: Multidrug punch card. Front side (left): 28 plastic cavities with visible packaged medication and 

labeling with patient and pharmacy information. Back side (right): 28 cavities sealed with foil and marked with 

indication of dosing time (morning, lunch, evening, night; Monday–Friday); the adhesive medication plan labels 

brand name, dose, administration number, dosing frequency, size, color, imprint, batch number, and expiration 

date of each packaged drug. All specifications are in German. 
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We conducted a mixed methods study to assess experiences, attitudes and adherence of primary care 

patients using multidrug punch cards in Switzerland. We aimed at investigating the preferences of 

primary care patients using multidrug punch cards in daily life, at compiling a profile of the primary 

care patient benefitting most of the multidrug punch cards’ use and thus at facilitating a targeted 

adherence interventions. The results should advance the rational distribution of multidrug punch cards 

and connected healthcare services. 

Materials and methods 
Quantitative interviews were performed in 2011 and qualitative interviews were conducted 

sequentially in 2013/2014 to clarify the results. A positive notification was obtained by the regional 

ethic boards. Good Reporting of A Mixed Methods Study (GRAMMS) guidelines were considered 260. 

Recruitment and inclusion criteria 

In 2011, all community pharmacies in the cantons of Basel-Stadt, Baselland, Aargau and Solothurn 

(Switzerland) delivering multidrug punch cards to primary care patients were asked to participate in 

the recruitment of patients for the quantitative interviews. Community pharmacies providing 

multidrug punch cards to primary care patients in the cantons of Basel-Stadt and Baselland were re-

invited in 2013/2014 to recruit patients for the qualitative interview. One pharmacist per pharmacy 

was instructed for recruitment. Patients were eligible if they had used multidrug punch cards for at 

least three months, lived independently, administering medications without external help, spoke 

German and were able to give informed consent. The pharmacists decided upon eligibility of the 

patients and recruited them by phone or face-to-face at their next visit at the pharmacy. The study 

team received the contact details of accepting patients and called them to fix a date for the interview. 

Patient information and the informed consent form were provided through the pharmacy or at the 

interview. For both interviews, patients were approached in the same manner, irrespective of 

participation in the first, quantitative interview. 

Instruments 

A quantitative questionnaire was developed containing five domains (living situation, general 

questions about the multidrug punch cards, handling, design and medication adherence). Answers 

were indicated as multiple choice, Lickert-scales, on visual analogue scales (VAS) or were open ended. 

The questionnaire was validated for feasibility, understandability and consistency of the scales. The 

questionnaire comprised 31 questions and took 30 minutes to conduct. Demographic parameters 

included age, sex, living situation, education, status of employment and number of medications. 

Adherence was measured through patient self-report on a VAS ranging from 0 (taking no medication) 

to 10 (taking all prescribed medication every day at the right time). The term ‘medication adherence’ 

is not colloquially used in Swiss German. We therefore replaced it with ‘fidelity to therapy’ 
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[Therapietreue], which we suggested to be more understandable. The term was explained to the 

patients before patient self-report of adherence by the VAS and discussion about importance of 

adherence was conducted. 

A qualitative topic guide was constructed upon the results of the quantitative questionnaire with 

themes that remained unclear or contradictory. The topic guide and the course of the interview were 

piloted with two patients who were not included into the final analysis. Adoption of the multidrug 

punch cards, acceptance, use in everyday life, design and medication adherence built the five domains. 

Subtopics were outlined with 19 pre-worded questions. Demographics and adherence were asked in 

the same manner as in the quantitative interview. Both, the quantitative questionnaire and the 

qualitative topic guide were applied as interviews. After interviews had been held, the current 

medication plan was obtained from the corresponding pharmacies. 

The quantitative interview was conducted by telephone after informed consent was received by post. 

One interviewer performed the interview, reading out the questions and the possible answers of the 

questionnaire. Immediate feedback was requested from the interviewed patient for assurance of 

ticking the right box. 

The qualitative interview was held face-to-face at the patient’s home or at the pharmacy in a separate 

room. FB led the interview and another researcher asked in-depth questions. Each domain was 

introduced to the patients by a general open-ended question to allow the patients to answer freely. 

Subtopics that remained untouched were then explored by further questions. The order of the 

domains and questions followed the patient’s answers. The interviews were held in Swiss German and 

were audiotaped. One research assistant (NR) orthographically transcribed the recordings in German 

language, preserving dialect expressions. All transcriptions were double-checked by FB.  

Analysis 

The quantitative interviews were analyzed descriptively by using Microsoft Excel 2013 for Windows 

(Microsoft Corporation, Redmond, WA, USA). Answers to open questions were categorized and 

analyzed quantitatively. Missing data were excluded from the analysis. Numbers of valid answers are 

given for each question. 

Transcriptions of qualitative interviews were transferred to MAXQDA V. 11 for Windows (VERBI GmbH, 

Berlin, Germany). Data were analyzed analogously to a five-stage ‘framework approach’ developed for 

applied qualitative research 255,261. A coding framework was constituted by preliminary coding of five 

interviews. Domains related to the original topics were structured as main codes and emergent themes 

formed sub-codes. After verification, the coding framework was applied to all interviews. Coding was 

performed manually line-by-line by FB. Codes of all interviews were grouped for detection of 
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associations and patterns. Quotations were selected to illustrate the analysis. They were translated 

into English by FB and checked by a native English speaker. Original German transcriptions of the 

quotations are listed in the supplementary material. 

Quantitative and qualitative data are presented in direct relation to each other in the Results’ section 

and were integrated by FB on the level of interpretation. Qualitative data were used to complete and 

explain findings from the quantitative interviews. 

Results 

Demographics 

In 2011, 33 of 266 community pharmacies in the cantons of Basel-Stadt, Baselland, Aargau and 

Solothurn delivered multidrug punch cards, mainly to nursing home patients. Of the 25 pharmacies 

supplying primary care patients, 21 participated in the recruitment of the patients for the quantitative 

interview. They supplied a total of nquant= 149 patients, of whom 25 (17%) were contacted by the study 

team and 22 (15%) consented to perform the quantitative interview.  

In 2013/2014, 13 of 124 community pharmacies in the cantons of Basel-Stadt and Baselland supplied 

primary care patients with multidrug punch cards and 6 participated in the recruitment of the patients 

for the qualitative interviews. Of a total of nqual=60 patients, 18 (30%) were recruited and 16 (27%) 

consented to perform the qualitative interviews. Five patients had to be excluded from the analysis, 

two because they participated in the pilot study, two because of language difficulties and one because 

of the use of a dose-dispensing aid other than multidrug punch cards. Reasons for exclusion by the 

pharmacist for the quantitative and qualitative interviews were (nquant/nqual): cognitive or psychological 

barrier 30/16; participation rejected 27/13; home care 25/4; language barrier 19/11; patient 

unreachable 6/6; multidrug punch card use for less than three months 6/3; terminal medical condition 

2/0; deceased 2/2; multidrug punch cards abandoned 1/0; reason unknown 6/3. Patient demographics 

are listed in Table 1. Mean durations of the quantitative and qualitative interviews were 28.5 (SD ± 

7.5) and 42.8 (SD ± 14.2) minutes, respectively.  
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Table 1. Demographics of patients participating in the quantitative and in the qualitative interviews. 

Patient demographics Quantitative interview Qualitative interview 

Participants, n 22 11 

Age, median (range) [years] 71 (37-96) 76 (27-91) 

Sex, n Female 14 5 

Male 8 6 

Living situation, n Alone 13 10 

With partner 9 1 

Education, n No school graduation 2 2 

Primary school 19 8 

University 1 1 

Status of employment, n Employed 1 0 

Retired / unemployed 21 11 

Number of medications, 

median (range) 

In multidrug punch cards 7 (4-13) 7 (4-12) 

Additional (outside 

multidrug punch cards) 

1 (0-4) 1 (0-3) 

 

Reason to recommend multidrug punch cards 

According to the quantitative interviews, multidrug punch cards were recommended by pharmacists 

in 54% of the cases, by physicians in 18%, by relatives in 14% and by others in 14%. Of the 16 patients 

who had the multidrug punch cards recommended by a pharmacist or a physician, 14 remembered 

one or several reasons: (new) prescription of numerous medications and / or complex regimen (n=7), 

facilitation of medication management (n=6), poor adherence (n=6), hospital discharge (n=3) and 

medication abuse (n=2). 

Qualitative interviews largely confirmed these reasons. The medical condition was named as principal 

reason which finally resulted in getting multidrug punch cards (n=4). The same four patients, who 

stated that they were confused with their medication or had difficulties in handling it, also declared 

that non-adherence was a reason for the recommendation of the multidrug punch cards. 

Difficulty/confusion: “I always have messy cupboards xxx. I’ve always had a box with one pill here, one 

pill there. Packaged like this [in regular packaging], right? Then I just did ‘tschak, tschak, tschak’ back 

and forth. And in time it seemed to me, it’s not the best solution, is it.” (P7) [xxx = garbled speech, 

unable to make an educated guess]. Non-adherence: “Sometimes it’s also happened that I’ve forgotten 

one [tablet] or so.” (P7). These patients mentioned their problems in the community pharmacy or to a 

relative, which led to the recommendation of multidrug punch cards. Four patients received the 

multidrug punch cards on prescription or by arrangement between the general physician (GP) and the 

pharmacist. Two of them did not remember having talked about it to the GP or the pharmacist prior 

to the initiation of the multidrug punch cards. One patient explained that it was his own idea to save 

money, because the size of packages often did not fit his needs. The packaging was proposed as 

solution by the GP. “[…] either they [the pharmacy] make packs with only 10 [tablets], and then this 

doesn’t really go far. Or they [the pharmacy] make a pack with 50 or 100 [tablets] and I don’t need 
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them either. And then, there’s a lot lost. And that way [with the multidrug punch cards], I really have 

only the medication that I need.” (P2). 

Advantages and disadvantages of multidrug punch cards 

In the quantitative interviews, all 22 patients felt well cared for by the pharmacy. All were satisfied 

with the multidrug punch cards, 20 of them very much. Facilitation of medication management and 

the reminding of medication intake were the main advantages mentioned. Overall, 67 advantages and 

12 disadvantages were named (Table 2). Twenty patients liked the design of the multidrug punch cards 

and agreed fully that it was clearly arranged. The orientation according to the written dosing times was 

judged as very easy by 21 patients and as easy by one. However, the patients stated uniformly that the 

functionality was more important than the design. The multidrug punch cards were rated as practical 

and very robust by all 22 patients. 

 

Table 2. Advantages and disadvantages named by all 22 patients of the quantitative interview in an open-ended 
question. 

Advantages Disadvantages 

Facilitation of medication management  22 Difficult medication removal 5 

Reminder for medication intake 14 Missing package insert 3 

Clear design 7 High refill frequency 2 

Control 6 Waste 1 

Medication safety 4 Missing confidentiality 1 

Organization  4   

Communication 2   

Facilitation of therapy adjustment 2   

Mentioned once: recycling of medication, 

space-saving, hygiene, documentation, home 

delivery, rationing 

6   

Total 67  12 

 

The satisfaction was also high in the qualitative interviews with 55 passages coded with positive 

expressions about the multidrug punch cards (e.g., “This is marvelous!” (P1)). There were no 

corresponding negative remarks. Most patients said that they much preferred the multidrug punch 

cards to their prior medication management system. It was a facilitation, not only for medication 

management, but also for their life: it was less time consuming, they did not have to reflect which ‘box’ 

to use at which dosing times and they did not have to store numerous medication boxes. “This 

[multidrug punch cards] really simplifies my life!” (P1). “Again, one concern less for me!“ (P5). Patients 

also highlighted the clarity and order of the multidrug punch cards. The layout helped them to 

orientate themselves. Interviewer: “And why do you like it, when it [the medication] is packaged like 

this [in the multidrug punch cards]?” - Patient: “You have an overview. […]” (P8). Few comments 

concerned the high-level hygiene and the suitability for old and / or forgetful people. Only four 
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negative comments were issued by three patients: the sound of the multidrug punch cards while 

handling was displeasing, a long sheet with the medication plan glued on the back was unpractical 

while removing medication, the assumption that the handling could be difficult for people with 

disabilities and the lack of package insert and information to identify the tablets. “The disadvantage, I 

find a bit is that you don’t have an overview of the tablets. Now, I really can’t…. Where there is a heart 

on it [the tablet], I know it is for the heart somehow, but on the whole, I do not know what I here 

[take]…. Well, everything is written in the back, isn’t it, for me. I don’t know if they do that in general 

or not?” (P4). This comment was stated by a patient who also criticized that he could not understand 

the information of the medication plan glued on the back, he thought it was written in Latin. On the 

other hand, the lack of package insert did not trouble other patients and was appreciated as an 

advantage by several patients. 

Handling of the multidrug punch cards 

In the quantitative interviews, 21 out of 22 patients were very satisfied with the handling of the 

multidrug punch cards. Nineteen patients pushed the medication out with their fingers. Of five patients 

cutting the foil on the backside, four seldom or never had trouble in pushing out the tablets. In total, 

14 (64%) patients indicated never having trouble with removing medication from the multidrug punch 

cards. Eight patients had technical or physical difficulties: tablets spiked at removal (n=5); tablets stuck 

in the cavity at removal (n=4); dexterity problems (n=3); cavity too fully loaded (n=1).  

During the qualitative interviews, patients were asked to demonstrate with a demo multidrug punch 

card how they removed their medication. All 11 patients removed the mock medication without 

trouble, but sometimes it spiked. Although some patients admitted that this happened from time to 

time with their own multidrug punch cards too, they mostly did not see it as a drawback. Some of the 

patients described problems with removing medications at the very beginning of multidrug punch card 

use, but they developed their own strategy to overcome these problems. Most patients had not been 

instructed how to use the multidrug punch cards or did not remember it. They negated the need for 

it, because they found the multidrug punch cards self-explaining. Four patients reported that they daily 

removed the content of the cavities in advance into a separate little box or bowl. This was practical to 

them because they kept the medication ready and could not mix it up, or they had it in their pocket in 

case they left home. One patient was sure that she would forget the intake in the morning, if she did 

not prepare the dose the evening before. “Because I have to prepare them, otherwise I would really…, 

I have to tell you honestly, I would forget them [the medication].” (P8). Two patients told that they 

manipulated the multidrug punch cards for their purpose. The main motivation was cutting the size 

for storage or transport. “[…]. If I know, of course, I will leave for three days, then I cut it [multidrug 

punch card] here.” (P2). One patient also pushed medication into the cavities or took some of the filled 
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medication out if there was a short-term change in medication therapy. She did not report these 

therapy changes to the pharmacy until she was sure it was fixed. “[…]. And after this, just once for this 

evening I did it, so that I don’t have to mess around for a long time, I took the two [tablets] that I have 

to take anyway, I pushed them in here and the blue one I already pushed out [of the multidrug punch 

card]. That’s how I work with the blister [= multidrug punch card].” (P1). 

Safety issues 

In the quantitative interviews, safety and control were named by four and six patients, respectively, as 

an advantage of the multidrug punch cards (Table 2). All 22 patients stated that they felt safer in 

medication management with the multidrug punch cards than without. All patients agreed fully that 

they could read the text with the information written and glued on the back of the multidrug punch 

cards without problems. Three patients admitted that they never read this text. Three patients named 

the missing package insert as a disadvantage. 

The topic safety was explored in-depth in the qualitative interviews. All 11 patients confirmed that the 

multidrug punch cards made them feel safe in managing medication. The main reasons were the 

overview of their medication and to be in control of medication intake. It was very important for them 

to be sure they had the right medication at the right time. “Yes, I would say there is a kind of safety in 

it [multidrug punch cards]. Then I’m sure I took the right one, here.” (P2). Some patients mentioned in 

that context that they believed the medication filling to be correct and that they could rely on the 

controls of the health-care professionals. Nevertheless, all 11 patients reported that they controlled 

the tablets immediately after removal by number, shape or color. Two patients felt safe because the 

medication was incorporated in a package that was hygienic and robust. In relation to medication 

knowledge, the patients could be divided in two groups (Figure 2). Group A was confident to know the 

name and indication of their medication, could more or less identify the tablets in the multidrug punch 

cards and stated that they did not need further information or a package insert. Group A/Knowledge: 

“I know exactly what I have to take, […].“ (P5). Group A/Package insert: “Because if I have to read the 

package insert, either I have to or I want to, I suffer from everything that is written there. And I don’t 

want that at all.” (P1). Group B did not know the name and indication of their medication and could 

mostly not identify the tablets. All patients of Group B except one did not want more information 

because they declared not to understand it. The package insert was refused quite fiercely by some 

patients and was named as a reason for denied medication intake. All patients of group B explained 

that they were faithful to the pharmacy for years and that they trusted health-care professionals. Trust 

and fidelity to the pharmacy also coincided with statements of perfect medication adherence. Group 

B/Knowledge: Interviewer: „How well do you know which tablet is which, for example?“ Patient: “I 

don’t know.” (P9). Group B/Package insert: Patient: “But what the other one is, I don’t know.” - 
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Interviewer: “You don’t know it. Would you like to know it then? So, do you mind not knowing it?” - 

Patient: “Well, I don’t know if I would actually like to know it or not.” - Interviewer: “That means this 

fits for you then?” - Patient: “You know, this would… if, if this was something that… This would concern 

me very much. […]” (P8). Group B/Package insert/trust and fidelity: „[…]. I trust you and the physicians. 

I’m not interested in this because I don’t understand it anyway. What’s in it and what’s written on it 

[in/on the multidrug punch card] and so. No, I never look at it.“ (P3). The medication plan glued on the 

backside of the multidrug punch cards was very much appreciated and was declared to contain enough 

information about the medication and the user. Some patients saw it as a major advantage in safety 

because they could give the correct names and dosages of their medication to physicians at first 

consultation or at admission to the hospital. Two patients told that they requested oral and written 

information on medication from the pharmacy if they had specific questions. All 11 patients described 

their contact to the pharmacy to be very good and the pharmacy team to be very friendly. 

 

 
Figure 2: Adherence elements emerging from qualitative interviews. Although all patient stressed perfect 

adherence, statements of Group A allowed margins for time of medication intake (= near to perfect 

adherence). ‘Medication knowledge’ relates to a patients’ confidence to appoint the name and/or the 

indication of the medication and/or to identify the tablets. ADRs, adverse drug reactions; hcp, health-care 

professionals. 

 

Adherence 

In the quantitative interviews, patients indicated that the multidrug punch cards were a tool to remind 

them of medication intake. Compared to their prior medication management system, 21 patients rated 

a relative improvement of +37% (SD ± 43%) for taking adherence and 19 patients rated a relative 
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improvement of +38% (SD ± 43%) for timing adherence after the initiation of multidrug punch cards. 

One patient estimated his timing adherence to be 13% worse with the multidrug punch cards than 

without. Median self-reported adherence of the 33 patients participating in quantitative and 

qualitative interviews was 10 on the VAS (range 3-10). 

In the qualitative interviews, all 11 patients stated that they did not know the term adherence [fidelity 

to therapy, Therapietreue], but three patients could imagine the rough sense of it. “Yes, I stick to the 

rules. Which I get ordered, now about the therapy, sort of… yes. I do what I should and not…. Faithful 

to therapy, like this. Xxx. If you now get medication to calm down, if you… have a fit. Then I would say, 

fidelity to therapy is really if you just take it at the right moment.” (P6). Others related it to physical 

therapy because in Swiss German the term ‘therapy’ [Therapie] theoretically stands for various kinds 

of therapy, but is colloquially often used for physical therapy. Some patients had no idea of the 

meaning of the term ‘fidelity to therapy’. Two patients remembered that they had a talk with their 

health-care professionals about adherence, but the majority thought this was self-evident and that 

they did not need further explanations. All 11 patients declared that medication adherence was very 

important for them and emphasized their willingness to be adherent. As reasons they indicated that it 

made sense to follow the physician’s directions, that they would benefit from the therapy and that 

they would suffer from medical consequences if they were non-adherent. One patient even stated that 

pharmacotherapy was existential for her. All patients who feared medical consequences of non-

adherence had a history of an adverse medical event (e.g., heart attack) or suffered from a medical 

condition, which they had to keep under strict control (e.g., diabetes mellitus, epilepsy). “I know it [the 

medication] holds off a lot, when you had two heart attacks, then you know what it means to take 

medication. Then you really take it [the medication].” (P9). “Well, what do I want? There is nothing else 

for it. It only benefits me, if I take it, right? I don’t want to sit in the hospital again.” (P8). Statements 

about adherence matched Groups A and B defined in the Safety’s section. Patients from Group A were 

more liberal and reported that they were fine with a margin for time of medication intake. Patients 

from Group B were anxious about leaving out one tablet or taking one dose too late since they were 

sure to sense immediate consequences. “If I did not take them, I would feel it. So, I would have to go 

soon, most likely…, so maybe the second day at most [after missing a tablet], I would already have to 

go to the physician and say: ‘I don’t feel well anymore’. So yea, I would feel it.“ (P10). Three patients 

believed that they would forget medication intake if they had to prepare the medication themselves 

out of the regular packaging, if the multidrug punch card was stored at a hidden place, or if there were 

more dosing times. Most patients who admitted that they forgot medication intake with their prior 

medication management system also forgot intake with the use of the multidrug punch cards, but 

much less than before. The visualization of the doses would reveal their omission and allow them to 
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make up the intake. One patient had problems remembering the short-term therapy that she was 

managing besides the multidrug punch cards. Three patients were absolutely sure that they never 

forgot medication intake. Strategies to remember medication included defining an eye-catching place 

of storage for four patients, setting an alarm for two patients and embedding medication taking into a 

ritual or daily routine for four patients. All four patients who had defined a special place of storage 

reported always seeing it and therefore remembering medication intake. Patients who had the 

medication intake embedded in their daily routine told that they did not have to remember medication 

taking as a separate action, it was more like an automatism within their normal activities. They also 

did not need to control the multidrug punch cards to ensure timely intake. „It is, it’s like automatic, 

right? When I’m sitting, having my breakfast at the table, then I just do it and then it’s done. And then 

I put it [the medication] into the plate and the matter is settled.” (P5). “I always take all of them. I 

always take them how I have to, I don’t have to control it.” (P9). For most patients control of intake 

was an additional step of safety. “But here [with the multidrug punch card] you have control after all! 

Here you have it, you are sure that you took the right thing [medication].” (P11). „I see it at first sight. 

I had it, I took it, I know it.” (P2). 

Discussion 
We combined quantitative and qualitative methods in an explanatory way to investigate the profile of 

multidrug punch card users in-depth, and the influence of the dose-dispensing aid on their adherence. 

Our primary care patient using multidrug punch cards reports high level of satisfaction with the 

multidrug punch cards, few handling difficulties, and high medication safety. She/he declares currently 

highest medication adherence and improved adherence compared to her/his prior medication 

management. Our results support the assumption that unintentionally non-adherent patients 

represent a target population for dose dispensing aids 62,145 and highlight some key variables which 

health-care professionals may assess while recommending multidrug punch cards to patients with 

polypharmacy. 

The typical independent primary care patient accepting to use multidrug punch cards is over 70 years 

old, has a low education grade, is retired, lives alone, favors tidiness, rituals and daily routines and is 

unable or reluctant to leave home. She/he trusts the health-care professionals, is a regular customer 

of the same community pharmacy, is motivated to conduct a healthy life and has a feeling of high 

necessity for medication. The association of adherence with the necessity for medication intake is well-

known and has been used as an integral part of the ‘believes about medicines questionnaire’, an 

instrument to assess adherence 53.  
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Our patients much preferred the multidrug punch cards to their prior medication management and 

reported improved adherence of even +37% after the initiation of the device. Significantly increased 

adherence was also demonstrated by five out of six randomized controlled trials investigating the use 

of multidrug punch cards in primary care patients 49,159,160,176,211. Additionally, in two of these studies 

49,160 cardiovascular patients with polypharmacy achieved significantly improved clinical outcomes 

(e.g., blood pressure, LDL cholesterol). Thus, major improvement of adherence and of associated 

outcomes by the use of multidrug punch cards are likely.  

In our study, patients claimed their perfectly adherent behavior to be motivated by a personal 

experience of benefit if they adhered to the physician’s orders or by a fear of medical consequences if 

they did not. These findings correspond to the role of patients’ experiences denoted as crucial for 

clinical safety and effectiveness 262. Trust towards the pharmacy emerged also as a reason for high 

adherence, since the participants expressing trust towards health-care professionals most explicitly, 

were most accurate with their medication plan. This attitude is characterized as the ‘passive 

medication user’, representing one out of three different types of medication intake-behavior 263. We 

thus suggest that the population of ‘passive medication users’ could be a target group for the use of 

multidrug punch cards. If we add that high fidelity to the pharmacy is associated with increased 

medication adherence and decreased adverse drug reactions 162, we can suppose that multiple key 

variables at different levels permit to reach a perfect medication intake behavior (trust in the 

institution/health-care professionals; perceived benefits of the management system; fear of negative 

consequences) (Figure 2).  

Although multidrug punch cards do not feature an explicit reminder function, its storage at a strategic 

visible place helped the patients to remember medication intake. In particular, it allowed immediate 

visual control of the intakes, the performed ones as well as the forgotten ones. An advanced strategy 

seems the integration of the medication intake into daily routine to become an ‘automatism’; the 

patients even did not have to think about medication intake. Habits and routines have long been 

described to be beneficial for general adherence 57,264 as well as for dose-dispensing aids 255. As a 

consequence, recommending multidrug punch cards should include an assessment of the patients’ 

daily habits and routines. 

Reasons for recommendation of multidrug punch cards and major advantages assessed in our study 

e.g., facilitation of medication therapy and improvement of adherence, mostly coincided with results 

of two qualitative studies on primary care patients using different types of dose-dispensing aids (e.g. 

pillboxes, multidrug punch cards, etc.) 32,255. 
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Absence of medication information – due to the dispensing of multidrug punch cards without package 

inserts – was of minor importance in the quantitative interviews. The in-depth exploration of the 

qualitative interviews confirmed that the patients were satisfied with a minimum of medication 

information. Only two patients requested written or oral medication information from the pharmacy. 

These findings might appear controversial, since a lack of medication information has been related to 

a reduction of knowledge resulting in a dangerous loss of skills and autonomy of the patient 32,152,153. 

Inversely, good medication knowledge was suggested to reduce inappropriate medication 

administration, adverse events and non-adherence, and hence to increase medication safety 108,265-267. 

However, these investigations were not performed within a population using multidrug punch cards. 

Since their use spares the handling of regular packaged medication, a different type of knowledge 

seems needed by those patients than the information contained in package inserts. Our assumptions 

are strengthened by a recent study showing that patients over 65 years with dose-dispensing aids were 

significantly more adherent (n=119) but less knowledgeable than patients who managed their 

medication by themselves (n=96) 154. Finally, since multidrug punch cards per se reduce potential errors 

of administration to a minimum, a relation to medication knowledge is unlikely. 

Handling problems (e.g., difficulty in removing medication, confusing inscriptions when to take the 

medication, etc.) were claimed to constitute a major reason for reduced medication safety with dose-

dispensing aids 32,146,151. Consequently, the small number of handling problems in the quantitative 

interviews was surprising. However, the qualitative interviews confirmed the first findings and 

revealed a major contribution of multidrug punch cards to the patients’ feeling of medication safety. 

The clear design of the multidrug punch cards assured its safe use. Hence, for most patients instruction 

was dispensable.  

For practice, our study implies that medication management and non-adherence should be addressed 

actively through health-care professionals. The profiling enables selecting the right patients, provides 

arguments for recommendation and points out relevant issues for advancement of dose-dispensing 

service. Initially, trust between the patient and the health-care professional has to be established and 

patients’ experiences and habits should be included into adherence counselling. While recommending 

multidrug punch cards, pharmacists should emphasize the facilitation of medication management and 

the increased medication safety. Based on our results, other strategies to advance dose-dispensing 

service and increase safety might be considered e.g., regular medication review of the packaged 

medication by a pharmacist 150, giving instruction on multidrug punch cards if necessary (anticipation 

of handling difficulties, integration into life-style, reminder strategies), inclusion of short term 

medication into the packaging, detailed instruction of separate medication, and regular contact 

between pharmacy and patient. 
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Strengths and limitations 

The strength of this study was the deeper explanation of ambiguous quantitative data through 

qualitative interviews. To our knowledge, this is the first study with a mixed methods approach in the 

field of dose-dispensing aids and their impact on medication adherence.  

Our study results are limited through several points. First, our study sample is small. On one hand, this 

is due to the effective small number of primary care patients, who are using multidrug punch cards 

without external help. In Switzerland, multidrug punch cards were originally intended for the supply 

of nursing homes. Only in the last few years, they were recommended to primary care patients. 

Further, the primary care patients selected by the pharmacists as multidrug punch card users really 

were the target group for this type of adherence aid (cognitive or psychological barrier, home care, 

language barrier), but turned out to be inadequate for our study. On the other hand, about half of the 

adequate patients refused study participation. Telephone interviews constituted a major barrier for 

recruitment. Conducting interviews at home or at the pharmacy were more acceptable. Second, the 

high level of satisfaction may reflect a selection bias. We can assume that patients unsatisfied with the 

multidrug punch cards might not have been willing to consent for interviews, especially if invited by 

the provider of the unsatisfactory device. Further, the recruiting pharmacist may have approached 

satisfied users among her/his patients to take part in the study. The problem-free handling of the 

multidrug punch cards that we observed might be the result of a further selection bias, since we 

excluded cognitively impaired patients who are known to experience difficulties with the handling of 

any medication packaging 207,259. Additionally, because our participants had to use the punch cards at 

least three months for inclusion, initially encountered difficulties may have been solved already. Third, 

reporting and interviewer biases may have interfered with study results. Since there were no 

differences observed by location of interview, the conduction of the interviews at the pharmacy does 

not seem to have influenced the patients’ answers. Fourth, adherence was measured through patient 

self-report which has been described not to be fully reliable and often overestimated 268. However, the 

conformity with similar studies 49,154 endorses our results. Fifth, this study represents the views of 

patients solely using multidrug punch cards and cannot be generalized to patients using other dose-

dispensing aids. 

Outlook 

Future research should aim at developing studies with larger populations to enable generalization. The 

development of an assessment tool for non-adherent patients to provide targeted interventions 

should be a priority. Clarification of the impact of multidrug punch cards on patient-oriented outcomes 

should be aspired. Younger patients with complex medication regimen should be interviewed about 

their preferences to clarify the benefit of multidrug punch cards for additional populations. 
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Conclusions 

Characteristics of primary care patients using multidrug punch cards include age over 70 years, low 

education grade, living alone, appreciation for tidiness and daily routine, trust in health-care 

professionals, fidelity to pharmacy and motivation for a healthy lifestyle and medication adherence. 

The patients are satisfied with the multidrug punch cards, feel safe, mostly have no handling problems 

and adhere perfectly to their treatment. Multidrug punch cards constitute a simplification for their 

lives, offer a clear overview of hygienically packaged medication, a reminder function and a possibility 

for adherence monitoring. Key variables for initiating multidrug punch card use and for medication 

adherence are trust in health-care professionals and patients’ experiences. This mixed methods study 

attenuates previous concerns about disadvantages of multidrug punch cards. Hence, health-care 

professionals should actively recommend them for primary care patients with polypharmacy and poor 

adherence. 
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Abstract 
Background: Medication self-management is often impaired in patients with polypharmacy, especially 

after hospital discharge, leading to medication errors and non-adherence. Non-adherence is 

widespread in the primary care population and impairs clinical conditions, quality of life, and 

healthcare costs. Multidrug punch cards are suggested to enhance adherence by optimization of 

medication self-management. In Switzerland, multidrug punch cards have been integrated in practice 

of community pharmacies since 2002. Multidrug punch cards can be equipped with POlypharmacy 

Electronic Monitoring System (POEMS), a novel technique for electronic measurement of adherence 

to polypharmacy. 

Objective: We aimed at investigating the effectiveness of a pharmaceutical care intervention including 

electronic multidrug punch cards and regular feedback on electronic dosing histories, to improve 

adherence to polypharmacy and patient-relevant outcomes in primary care patients after hospital 

discharge. Herein, we report of the results and experiences of a pilot study.  

Methods: During 10 months in 2013, patients on an internal medicine’s ward at the University Hospital 

Basel were screened, recruited, and assessed at bedside. All patients received medication counseling 

and an individualized medication plan prior to hospital discharge. Patients randomized to the 

intervention group received their oral solid medication packaged in electronic multidrug punch cards 

and regular feedback on their electronic dosing histories by a study pharmacist. Patients allocated to 

the control group received usual care. Follow-up visits were carried out at the study pharmacy at three, 

six, and twelve months after hospital discharge. Primary outcomes were ‘time to hospital readmission 

and major adjustment of drug therapy’ and adherence according to medication possession ratio (MPR). 

The evaluation of the pilot study was based on Donabedian’s evaluation model of quality of care. 

Results: Of 958 screened patients, 10 consented to participate. One patient accepted the intervention 

and nine patients were allocated to the control group. The median age of the control patients was 67 

years, 5/9 were male, and their baseline median self-reported adherence was maximal. The 

intervention patient was male, 65 years old, and reported a maximal taking adherence and moderate 

timing adherence. Over the whole study duration, there was no unplanned hospital readmission. One 

major adjustment of drug therapy occurred in the intervention patient, which could not be linked to 

impaired adherence. The mean MPR of the control and the intervention group was 1.01 and 1.18, 

respectively. Patient satisfaction was high and no harm related to the intervention was registered. 

The evaluation showed adequate feasibility of the study design, but a lack in quality and efficiency. Key 

points for these shortcomings were, e.g., the high exclusion rate, the inadequate time management, 

the induction of a potential bias by medication counseling during the follow-up assessments. 
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Conclusions: Because of a lack in efficiency and quality of the pilot study, only ten patients could be 

recruited and only one patient accepted the intervention. Over the whole study duration there was no 

unplanned hospital readmission and one major adjustment of drug therapy in the intervention patient. 

However, the intervention patient maintained perfect adherence and was clinically stable over the 

whole study year. In the control group, adherence was at a maximum according to self-report and 

medication possession ratio (MPR). The evaluation revealed major inadequate points, whose 

improvement might enable the successful study performance. 
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Introduction 
Physical and cognitive impairments of primary care patients pose a barrier for safe and effective 

medication self-management 35,207,256, i.e., the patient’s ability to self-administrate her/his medication 

31, leading to adverse drug events, non-adherence, and related hospitalizations 12,107-109. Elderly 

patients with polypharmacy for chronic diseases and who are newly discharged from hospital are often 

prescribed polypharmacy, which puts them at highest risk for such adverse health outcomes 29,257. 

Adherence was defined as ‘the extent to which a person’s behavior – taking medication, following a 

diet, and/or executing lifestyle changes, corresponds with agreed recommendations from a health care 

provider’ 37. Typical adherence rates for oral prescription medications are approximately 50-76%. Non-

adherence impairs clinical outcomes 65,90, resulting in increased risk of hospital admission 12,105,269. As 

consequences of the adverse health outcomes, quality of life decreases 110,112,113 and healthcare costs 

rise 117,124. Non-adherence behavior can be categorized into two groups: 1. unintentional non-

adherence is when the patients are prevented from correctly executing their treatment plan by 

physical or cognitive barriers; and 2. intentional non-adherence is when the patients actively decide 

not to take medication according to treatment plan. Various authors suggest that dose-dispensing aids 

may represent a simple method to help unintentionally non-adherent patients to optimize their 

management of polypharmacy 65,145,146 62.  

Dose-dispensing aids usually consist of a certain number of compartments containing oral solid 

medication for specific dosing times and conform to the requirements to be simple, easy to implement, 

and inexpensive 143. Recent literature reviews confirmed a positive effect on adherence and clinical 

outcomes 147,155,258. However, the evidence support for the use of dose-dispensing aids remains weak 

because of poor methodological and reporting quality. Further research gaps encompassed economic 

and humanistic outcomes, safety issues, long-term, disease-unspecific, and generalizable clinical 

outcomes, and clinical effects on multimorbid populations with polypharmacy. More robust replicable 

studies were claimed to strengthen the evidence. 

Multidrug punch cards are disposable frame cards containing 28 plastic cavities for four dosing times 

per day and are filled by community pharmacies or manufacturers with all oral solid medication of an 

individual medication regimen. A specific software assists the production by archiving patient data, 

documenting prescriptions, verifying the medication filled through barcode scanning, and by 

composing data from the database to a label that is fixed on the card 157. The label comprises data of 

the pharmacy, the patient, and the packaged medication (Figure 1). In Switzerland health insurances 

reimburse this dose-dispensing service (i.e., the repackaging of solid oral medication into dose-

dispensing aids by a health care provider) with 21.60 CHF per week with a prescription of ≥ 3 different 
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medication per week, (according to the collective agreement LOA IV 158). Preliminary studies showed 

that the dose-dispensing service with multidrug punch cards integrated well in daily practice at the 

community pharmacies in Switzerland, but that they were mainly produced for patients in nursing 

homes 270. Primary care patients using multidrug punch cards in daily life were very satisfied with them, 

asserting that they constituted a simplification for their lives and increased their safety 271. Pharmacists 

and patients estimated improved adherence with the use of multidrug punch cards 270,271. 

 

 
Figure 1. Multidrug punch card, front side (left): 28 plastic cavities with visible packaged medication and 

labelling with patient and pharmacy information. Back side (right): 28 cavities sealed with foil and marked with 

indication of dosing time (morning, lunch, evening, night; Monday-Friday); the adhesive medication plan labels 

brand name, dose, administration number, dosing frequency, size, color, imprint, batch number, and expiration 

date of each packaged drug. 

 

Electronic measurement of adherence is considered nearest to gold standard 272 and is obtained by 

Medication Event Monitoring System (MEMS®)73 or POlypharmacy Electronic Monitoring System 

(POEMS) 273. POEMS consists of an adhesive film with conductive properties that can be fixed at the 

back of a multidrug punch card. It registers date, time, and position of the cavity where drug was 

removed. Recorded signals are transferred to a database 273. Whereas MEMS® is limited to monitoring 

of adherence to one single lead drug, POEMS can be attached to multidrug punch cards enabling the 

monitoring of adherence to polypharmacy. Many long-term studies on adherence enhancing 
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interventions with MEMS® and feedback on electronic dosing histories reported significant 

improvement on adherence 274-278 and one meta-analysis attributed a large effect to the same 

intervention 136.  

In summary, a service to enhance adherence in primary care patients that is simple, economic, and 

accepted is represented by multidrug punch card service, which is already implemented into daily 

practice in Swiss community pharmacies. However, multidrug punch cards were not commonly 

distributed to primary care patients. We propose that this adherence aid could be provided to any 

patient with polypharmacy, independently of age or condition, to result in improved medication 

adherence and thus yield clinical, humanistic, and economic benefits. Our study was the first in the 

attempt to electronically monitor adherence to polypharmacy, which might substantially add to the 

knowledge about adherence behavior in this complex situation. 

Aims and approach 

We aimed at investigating the effectiveness of a pharmaceutical care intervention comprising the 

packaging of all oral, solid medication into electronic multidrug punch cards and regular individual 

feedback on electronic dosing history, to improve adherence to polypharmacy and to reduce time to 

hospital readmission and major adjustment of medication therapy in primary care patients after 

hospital discharge. 

We approached this aim by conducting a pilot study to evaluate and to optimize the feasibility, 

efficiency, and quality of the study. We report herein of the results and experiences of the pilot study 

(Part C1.1) and of the evaluation (Part C1.2). 

 

Methods 

C1.1 Pilot Study 

The study was designed as a 12-months prospective randomized controlled trial performed at the 

University Hospital Basel and the Notfallapotheke Basel (study pharmacy) (Figure 2). The trial was 

performed in line with legal regulations (HMG, VKlin 279) and the International Conference on 

Harmonization (ICH) guidelines 280. The responsible ethic board approved the study protocol. The 

report of the pilot study is structured following the Consolidated Standards of Reporting Trials 

(CONSORT) statement 281.  
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Figure 2: Trial design. T, time; UHBS, University Hospital Basel. 

 

Setting and participants 

We recruited eligible patients from an internal medicine’s ward at the University Hospital Basel. The 

screening for eligible patients was carried out in two steps. In a first screening, the electronic case 

notes from the hospital database (ISMed) of all patients on the ward were screened according to in- 

and exclusion criteria (Table 1). Included patients of the first screening were assigned a consecutive 

study number. Additional criteria for eligibility were checked in a second screening on the ward with 

paper case notes. A study pharmacist recruited the included patients from the second screening on 

the ward. After informed consent was obtained, the patients were randomized and baseline data were 

assessed at bedside. All patients, irrespective of group allocation, met a study pharmacist for a 

discharge counseling on all prescribed medications. The counseling was performed by following 

standardized information sheets, derived from the official drug information 282, with information on 

indication, long-term benefit, adverse effects and correct use. These elements were described to be 

preferred by patients 143,283. An example of a standardized information sheet is given in the 

supplementary material. At the completion of the counseling, a personalized medication plan was 

handed out to the patients (supplementary material). Uncertainties raising during the counseling 

session were clarified with the responsible physician before the leave of the patient. The patient’s 
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community pharmacy and general physician (GP) were informed by fax about the patient’s 

participation in the study. The hospitalization during which a patient was recruited will herein be called 

‘index hospitalization’. 

 

Table 1. Inclusion and exclusion criteria. 

Inclusion criteria 

Age > 18 years of age 

Literate in German 

Capable to give informed consent 

Self-management of medication 

(Re-)Fill medication at a community pharmacy 

Prescription of ≥ 4 different oral solid drugs at discharge 

Swiss health insurance 

Acceptance of the electronic multidrug punch card use 

Exclusion criteria 

Pregnancy 

Physical impairment (visual or dexterity; as diagnosis or evaluated as such by the responsible nurse) 

Cognitive impairment (as diagnosis or evaluated as such by the responsible nurse) 

Transplantation 

Prescription of vitamin K antagonist at discharge 

Non-packable medication (e.g. > 2 non-solid/non-oral medications, > 4 dosing times per day) 

Transfer to another institution at discharge (e.g. nursing home, rehabilitation center) 

Use of a multidrug punch card or a single dose-dispensing aid (e.g. pouch blister) before hospital admission 

Prohibition of the access to patient records of the community pharmacy / general physician 

 

Three important changes were made to the methods after trial commencement: 

1. The length and wording of the script for recruiting was shortened and simplified. 

2. To augment efficiency of recruiting, the study steps of the hospital phase were adjusted. The 

extensive screening process was abandoned and the study pharmacist was integrated on 

regular weekly ward rounds with the physicians, including one to two thirds of the patients of 

the ward. Eligibility criteria were checked on the spot by consulting paper case notes, 

physicians, and nurses and in conversations with the patients directly (Figure 3). This change 

was indicated by the study evaluation and carried out in May 2013.  

3. The non-acceptance of multidrug punch cards was frequent. To include an adequate number 

of patients for descriptive analysis, patients were offered to take part in the study in the 

control group if they rejected the intervention. The randomization process was abandoned in 

June 2013. 
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Figure 3: Study steps of the hospital phase, before (above) and after adjustment (bottom). Legend: Green box = 

location; blue box = study action; clear box with blue frame: study action specific for intervention group; clear 

box with yellow frame: study action specific for control group. CRF Hosp T-1, case report form hospital T-1, with 

assessment of a: electronic patient records, b: paper case note data, c: patient interview and questionnaire 

quality of life; IC, informed consent form; QoL, quality of life   
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Intervention 

Intervention patients received their oral solid medication packaged in individualized electronic 

multidrug punch cards (Figure 4) continually from discharge until the end of the study. The multidrug 

punch cards were prepared at the study pharmacy by a pharmacist and reviewed by a second 

pharmacist. POEMS was affixed and activated on the completed multidrug punch card. The production 

took place under the conditions of Good Manufacturing Practice 284, following a standard operation 

procedure. At first provision, a study pharmacist instructed the patient in the use of the multidrug 

punch card and of the medication not included into the device. The capability of the patient to remove 

medication from a multidrug punch card was tested with a demo. Exchange of the multidrug punch 

cards took place at the study pharmacy in weekly or multiple weekly intervals. Multidrug punch cards 

and additional medication (if requested) were handed out by a pharmacist. In regular intervals, the 

study pharmacist conducted feedback sessions on adherence behavior with charted electronic dosing 

histories (Figure 4), using elements of motivational interviewing, e.g. active listening, reflective 

listening, affirmation, and summarization to help the patient express his concerns about the behavioral 

change, enhance his personal motivation, set goals and arrive at a change of plan 285. 

 

 
Figure 4. Electronic multidrug punch cards with affixed POlypharmacy Electronic Monitoring System (POEMS) 

on the backside and charted electronic dosing history over one week with a four-times daily intake (from left to 

right). 

 

Control conditions 

Patients allocated to the control group received their medication in commercial medication packaging 

and usual care at the community pharmacy of their own choice. Usual care in Swiss community 

pharmacies comprises management of patient records; validation of prescription; dispensing of the 

requested medication on prescription and over-the-counter (OTC); providing the most economic 

generic; interaction check; check of risk factors and contra indications; calling the physician for further 
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information if needed; check for abuse; counseling on dose, dose frequency, medication 

administration, duration of medication therapy, storage, and potential adverse reactions 158. 

Pharmacies also offer medication review (polymedication check, intermediate medication review 

according to the Pharmaceutical Care Network Europe 286) and dose-dispensing service, which are 

reimbursed by the health insurance. Patients were free to use self-filled medication management aids 

(e.g., pillboxes), however, dose-dispensing service was not allowed during the study. The patients were 

advised to always refill their medication at the same community pharmacy to allow retrieval of 

complete pharmacy claims for adherence measurement. 

Follow-up 

All patients were contacted by phone call within the first two weeks after discharge and before the 

next patient contact for a consolidation phone call analog to the ‘New Medicines Service’ (NMS), 

developed for community pharmacies in 2011 in the UK 287. The aim of the phone call was to ensure 

initiation of medication therapy prescribed at discharge and correct self-management of the 

medication and the multidrug punch card. Follow-up visits took place at three, six, and twelve months 

after hospital discharge at the study pharmacy. A study pharmacist performed one interview on the 

topics of pharmacy visits, GP visits, hospital readmission, medication therapy change, intake of OTC 

medication, medication management, medication management aids, and adverse drug reactions. The 

patients filled questionnaires for self-report of adherence and quality of life assessment. Community 

pharmacies were contacted after every follow-up visit to transmit medication claim records of the 

patients. At 12 months, one additional questionnaire assessed patient satisfaction and the GP was 

contacted by fax to transmit laboratory data of the patients. At the last visit, the future management 

of the medication was discussed and polymedication checks were offered to all patients to evaluate 

their need for dose-dispensing service by multidrug punch card. 

At each follow-up meeting, patients were invited to ask questions about their medication and at 

request, counseling on indication, benefits, use, and adverse reactions was given analog to the 

discharge counseling. The experience of adverse drug events (i.e., any injury related to the use of a 

drug, even if the causality of this relationship is not proven 288) was asked actively. If unexpected 

adverse events occurred at another time during the study, patients were able to contact the trial 

investigators via a hotline number. All reports were treated like any adverse drug event reported in 

the community pharmacy. According to severity of the symptoms, the study pharmacist counseled the 

patient about adverse drug event management, advised to discuss the problem with the GP at the next 

visit, referred the patient to the GP immediately, or phoned the GP for feedback. Every adverse drug 

event report, hotline contact, and further inquiry with the GP, community pharmacy, a relative, or the 

study physician was systematically documented  
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Outcomes 

The primary outcomes were: 

1.1 Composite clinical outcome of time to hospital readmission and time to major adjustment of 

drug therapy 

1.2 Adherence according to Medication Possession Ratio (MPR)  

Time to hospital readmission was calculated as the number of days from the day of discharge until the 

day of first unplanned readmission to any hospital. Time to major adjustment of drug therapy was the 

number of days from the day of discharge until the day of major adjustment of therapy. Major 

adjustment of drug therapy was defined as an at least two fold increase in drug dose and/or a 

prescription of a new drug in the same ATC code class. Events were assessed through patient self-

report at every follow-up visit. Major adjustment of drug therapy was verified by pharmacy records. 

MPR was calculated according to pharmacy claims within the 12 months of study duration as the 

number of the days’ supply obtained over multiple intervals, divided by the duration of the observation 

period 82. The observation period was defined as the time between first and last supply for every 

medication separately, under the assumption that there was no stock available at the first supply. The 

number of days’ supply was the sum of all supplies of the observation period minus the last supply 

divided by the amount of intake per 24 hours. We included all medications into the calculation that 

were prescribed over the whole study duration, had a fixed dosing unit (e.g., oral solid forms, inhalers), 

were prescribed for continuous use (i.e., not upon demand), were refilled at least twice, and with dose 

and dosing frequency, which were known and remained unchanged over the observation period.  

The secondary endpoints comprised: 

2.1 Adherence according to 

2.1.1 Self report: Morisky Medication Adherence Scale (MMAS) score of 0-8, with a maximal score 

of 8, indicating perfect adherence 67; visual analogue scales (VAS) of taking and timing 

adherence ranging from 0: no tablets taken / no tablets taken at the right time, to 100%: all 

tablets taken / all tablets taken at the right time; elements of the ‘Believes about Medicines 

Questionnaire’ (BMQ). 

2.1.2 POlypharmacy Electronic Monitoring System: Taking adherence as percentage of taken doses 

in relation of prescribed doses; timing adherence as average of all recorded intake times 

according to the prescribed dosing times; correct dosing intervals as percentage of doses taken 

within 25% of time interval between the prescribed doses. 

2.2 Clinical outcomes included the single measurements of time to hospital readmission and time to 

major adjustment of drug therapy. 
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2.3 Humanistic outcomes 

2.3.1 Quality of life according to the short form 12 v. 2 (SF 12 v. 2): score of 30-70, with a score of 

70 indicating best physical/mental health, 289.  

2.3.2 Satisfaction with the medication management system and the pilot study: questionnaire 

containing 37 closed-ended questions with 4-point Lickert-scale answers and seven open 

ended questions.  

Self-reported adherence and quality of life were assessed at baseline and at every follow-up visit. 

POEMS data were read out continually at every exchange of the electronic multidrug punch cards. The 

questionnaire for patient satisfaction was administered once at 12 months. 

Additional data assessed at baseline included demographic factors, such as diagnoses, prescribed 

medication at admission and discharge, over-the-counter (OTC) medication, marital status, living 

situation, education level, employment status, dexterity, health status before index hospitalization, 

hospital admissions in the three months before the index hospitalization, frequency of GP and 

community pharmacy visits, prior experiences with adverse events, and financial constraints 

concerning medication refill. Independency in daily activities was assessed with the Barthel index 

questionnaire (score of 0-100 with maximal score of 100 indicating total independency) was filled by 

the investigator with the help of the responsible nurse for the status of the patient at discharge. 

Laboratory data, e.g., glycosylated hemoglobin (HbA1C), were assessed at discharge from hospital 

records and at 12 months from the GP’s patient records, if available. 

Sample size and randomization 

Data of the composite endpoint ‘time to hospital readmission and time to major adjustment of drug 

therapy’ with the intervention of electronic multidrug punch card were not available. Based on studies 

examining a tele-monitoring intervention 290, with elderly patients 291, and with myocardial infarction 

survivors 292,293, we assumed a mean time to hospital readmission + to major adjustment of drug 

therapy of 200 days for the control group and 240 days for the intervention group (+ 20%). With an 

assumed standard deviation of 80 days in both groups and a sample size of 150 patients, the resulting 

power is 86.5% (calculated by a web-tool 294). A sample size of 150 patients (75 patients per group) 

was considered sufficient, since a larger sample size would facilitate to reach statistical significance but 

diminish clinical relevance. The same sample size was also proposed as a conclusion of a review 

analyzing 78 randomized controlled trials on effectiveness of adherence interventions 126. A total of 

200 patients were planned to be recruited to account for attrition, dropouts, and loss to follow up. For 

the pilot study, a sample size of 20 patients was determined. Recruited patients were allocated 

randomly 1:1 into intervention and control groups. Random numbers up to the intended sample size 
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of 20 (for the pilot study) were generated by a web-tool 295. A research assistant not involved in the 

study, packed the allocation information for every patient separately in sequentially numbered 

envelopes. The envelopes were kept in a closed drawer until the assignment. Two study pharmacists 

recruited eligible patients and assigned them to the study groups after informed consent was obtained, 

by opening the envelope with the subsequent number. Due to the nature of the intervention, blinding 

was not aspired. 

Statistics 

Due to the small patient sample size recruited during the pilot study, descriptive statistical methods 

were applied by SPSS v. 20 (IBM, Armonk, New York, USA) and MS Excel 2013 (Microsoft Corporation, 

Redmond, WA, USA). In the following paragraph, the originally planned analysis is described. 

Primary outcome measures will be compared between groups. Secondary outcome measures will be 

compared between groups and between baseline and follow-up measures. Differences in binary data 

will be calculated by χ2-test. The student t-test will be used for normally distributed and the Man-

Whitney-U-test for non-parametric means. In order to measure strength of the relationship between 

the primary endpoint and the group allocation and to test the impact of possible covariate factors, a 

multiple logistic regression model will be calculated. A p-value of ≤ 0.05 will be considered statistically 

significant. The analysis will be performed as an intention to treat analysis. 

C1.2 Study evaluation 

The evaluation was developed according to the ‘Planning-Evaluation-Cycle 20’, composed of the steps 

Formulation of evaluation question; Conceptualization; Evaluation design; Evaluation analysis of; 

Utilization of results in management or decision-making 296.  

Formulation of evaluation question 

The evaluation had the aim to optimize the feasibility, efficiency, and quality of the study. 

Conceptualization 

The evaluation was based on Donabedian’s evaluation model of the quality of care 297. According to 

this model, services are performed in given structures, following defined processes and finally 

generate an outcome of measurable quality. ‘Structure’ describes the properties of an environment in 

which care is performed, including organizational structure, material, and human resources. The 

category ‘process’ describes what effectively is practiced. The ‘outcome’ shows the effects of care on 

the health of the patients, i.e., improvement of the patient’s knowledge, beneficial changes in 

behavior, and satisfaction. These three parts of quality are directly related to each other, therefore 

good structure and processes lead to good outcomes. During the evaluation, key elements of 

structures, processes, and outcomes are measured by indicators. These indicators are suitable 
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numbers, facts, or parameters, which should be easy to assess in practice and need to be valid, reliable, 

and sensitive for assessment 298.  

These definitions were translated to the pilot study. The desired outcomes in this case were feasibility, 

efficiency, and quality of the study. Important elements of the pilot study were allocated to the groups 

of structure and process. For each group, one evaluation method catalogue was developed, containing 

concrete evaluation questions. At least one indicator and measurement method was defined for every 

question, indicating answers in scales (e.g. measurement of time), in categories (e.g. Lickert-scales, 

yes/no), or descriptions and judgment in words (e.g. to open-ended questions). Measurement 

methods included observation, a questionnaire, and analysis of study databases. Assessments were 

performed once for structural elements or repetitive over a defined period for process elements. 

Evaluation Design 

The observation focused on the processes in the hospital, such as the first and second screening, 

recruitment and discharge, and on structural elements like handling of documents and communication 

at the University Hospital Basel. Assessment forms with predefined questions according to the study 

steps were developed. Continuous assessments were measured at five time points. 

The perspective of the study team was assessed by a questionnaire based on the questions of the 

evaluation method catalogues. The questionnaire referred to the whole study duration and comprised 

the topics a. work within the study team; b. work at the University Hospital Basel and at the study 

pharmacy; c. work with the documents. Answers were indicated as binary (yes/no) and as four-point 

Likert scales. Answers could be specified in open comment fields. The same questionnaire was 

provided to the whole study team with the instruction only to answer the questions concerning their 

tasks at a short introduction during the study meeting. 

Analysis of the databases of both screenings, recruitment, and baseline assessment, containing 

patients’ data from the beginning of the study (21.01.2013) to the 30.04.2013, were on the following 

topics: 

 Fluctuation of patients at the hospital according to electronic database (ISMed) 

 The ratio of included and excluded patients after the first screening, the second screening, 

and after the recruitment 

 The reasons for exclusion in the first screening, the second screening, and at the recruitment 

 The reasons for rejection of study participation 

 Number of multiple assessments 

The evaluation was started simultaneously to the commencement of the pilot study. 
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Analysis 

The results of the observation, questionnaires, and database analysis were calculated quantitatively 

with MS Excel 2007 for Windows (Microsoft Corporation, Redmond, WA, USA). Based on these results, 

the evaluator answered the questions of the evaluation catalogues and judged the study elements as 

'adequate / improvement unnecessary’, ‘optimizable / minor improvements recommended’, and 

‘inadequate / major improvements necessary’.  

The evaluation of the hospital phase was systematically carried out by a master student in Pharmacy 

during the first period of the pilot study (21.01.2013-30.04.2013) using the above described methods. 

The evaluation of the primary care phase was conducted by the study coordinator at the termination 

of the pilot study, based on experiences and analysis of study databases. 

Results 

C1.1 Pilot study 

The pilot study was performed from the 21st of January to the 30th of September 2013. 

Participants 

Of a total of 958 screened patients, 10 (1.0%) consented to participate in the study. The numbers of 

the screened and recruited patients and the numbers and reasons for exclusion, lost-to-follow-up, and 

drop-out are depicted in Figures 5 and 6. One patient assigned to the intervention group rejected 

participation upon discharge but agreed to be included in the control group and therefore was 

reassigned.  

Recruitment 

Recruitment started at 21st of January and ended at the abandonment of the pilot study on 30th of 

September with an interruption from the 25th of March to the 12th of April because of a case of death 

in the nursing team of the ward. During the flu season, the ward chosen for the recruitment served as 

pooling ward of patients with infectious isolation and thus was not accessible for recruitment. 

Therefore, we attempted to change the recruitment ward. However, the change of the ward was not 

possible, because the head of the ward did not accept recruiting staff due to understaffing of the 

nurses. For this reason, 58 of the screened patients on this ward (6.2) were lost to follow-up (Figure 

5). Of the 80 visited patients, 10 (12.5%) consented to participate in the study (Figure 6). Reasons for 

rejection of study participation are shown in Figure 7. 
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Figure 5: Flow chart of the screening phase of the pilot study with numbers and reasons for exclusion 

and lost to follow-up. Eighty patients were included for recruitment. GP, general physician. 
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Figure 6: Flow chart of the recruitment of the pilot study with numbers and reasons of exclusion and 

numbers of patients recruited, allocated and analyzed. GP, general physician. 

 

 
Figure 7: Reasons for rejection of study participation (n=45). MDPC, multidrug punch card. GP, general 

physician. 
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Baseline data 

Baseline data of the recruited patients are displayed in Table 2. All patients were fully independent in 

daily management according to the Barthel index (score of 100) 299, except for the patient with the 

fracture (patient ID 2; score of 90). Their health status in the two weeks before index hospitalization 

was very good (n=2), good (n=6), and moderate (n=2). One patient from the control group had had a 

hospital admission within the three months before the index hospitalization. In the year prior to the 

index hospitalization, four patients had visited the GP 1-2 times and six patients 3-6 times. Three 

patients did not visit a community pharmacy during the previous year, five visited it 3-6 times, and one 

patient went to the pharmacy 1-3 times per month. Two patients reported prior experiences with 

adverse drug events and one patient had thought once of not refilling a medication because of financial 

constraints. Correspondingly, the intervention patient had had no hospitalization in the three months 

before index hospitalization and reported two planned GP visits, three to six community pharmacy 

visits, and no experience of and averse drug reaction in the year prior to the index hospitalization.  
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Table 2. Baseline data of the recruited patients. 

* The patient did not use prescribed long-term medications before index hospitalization. 

Appl. sci., applied sciences; MMAS, Morisky Medication Adherence Scale; QoL, quality of life; TaA, taking adherence; TiA, timing adherence; VAS, visual analogue scale. 

Patient 

ID 

Age 

[years] 

Sex Living 

situation 

Education 

level 

Employ-

ment status 

Cause for index 

hospitalization  

Adherence 

MMAS 

Adherence 

VAS 

QoL 

physical/me

ntal score 

No. of drugs 

at hospital 

admission 

No. of drugs 

at hospital 

discharge 

Control patients   

1 75 F With 

partner 

Appren-

ticeship 

Retired  Hypertensive heart 

disease 

2.5 TaA: 90% 

TiA: 90% 

40 / 51 5 7 

2 63 M With 

partner 

University 

(PhD) 

Employed Fracture of lumbar 

spine and pelvis 

6 TaA: 96% 

TiA: 90% 

58 / 58 3 10 

3 67 F With 

partner 

University 

of appl sci 

Retired Glioblastoma  8 TaA: 100% 

TiA: 100% 

40 / 59 6 6 

4 68 F Alone Business 

school 

Retired Pain in upper 

abdomen 

8 TaA: 100% 

TiA: 100% 

56 / 62 3 4 

5 80 F With 

partner 

University 

(PhD) 

Retired Ischemic 

cerebrovascular insult  

8 TaA: 100% 

TiA: 100% 

56 / 54 4 8 

6 53 M With 

partner 

High 

school 

Employed (N)STEMI / 

Myocardial infarction  

n.a.* n.a.* 50 / 61 0 5 

7 76 M With 

partner 

Mandat-

ory school 

Retired Unspecified arthritis  8 TaA: 100% 

TiA: 100% 

56 / 50 8 10 

8 35 M With 

partner 

Appren-

ticeship 

Employed Hematemesis 5.5 TaA: 50% 

TiA: 70% 

54 / 45 1 6 

9 57 M With 

partner 

University 

of appl sci 

Employed Ischemic 

cerebrovascular insult 

8 TaA: 100% 

TiA: 100% 

58 / 52 6 7 

Median 

(range) 

/ Sum 

67 

(35-80) 

F: 4 

M: 5 

With 

partner: 8 

Alone: 1 

n.a. Retired: 5 

Employed: 4 

n.a. 8 

(2.5-8) 

TaA: 100% 

(50-100%) 

TiA: 100% 

(70-100%) 

56 (40-58) / 

54 (45-62) 

4 

(0-8) 

7 

(4-10) 

Intervention patient   

10 64 M Alone University 

of applied 

science 

Retired Staphylococcus 

aureus sepsis 

8 TaA: 100% 

TiA: 50% 

46/42 7 10 
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Outcomes and estimation 

The number analyzed for the control group was n=8, 7, and 6 for follow-up at three, six months, twelve 

months, respectively. The number analyzed for the intervention group was n=1.  

At the phone follow-up, nine of ten patients could be reached and all reported that they could start with 

the treatment as prescribed at discharge. Seven of nine patients had had a control visit at the GP’s and for 

five patients this had resulted in a change of their medication regimen. All patients felt confident in the 

administration of their medication. The phone call was performed at a median of 14 days after discharge 

(range: 4-26 days) with a median duration of 12.5 minutes (range: 7-34 minutes). 

Six of the nine control patients and the intervention patient completed the study. One control patient 

forgot one appointment for follow-up assessment, which was postponed. Otherwise, the patients kept all 

appointments at the study pharmacy. All control patients self-managed their medication, except for one, 

who had the help of his wife. Two patients of the control group had home delivery by mail order pharmacy 

and four received their medication at the community pharmacy. The follow-up visits at three, six, and 

twelve months took place at a median of 98 days (range: 89-109 days), 188.5 days (171-216 days), and 368 

days (365-379 days), respectively, and lasted a median of 19.5 minutes (12 minutes – 1 hour). 

Over the whole study period, no patient experienced an unplanned hospital readmission. The intervention 

patient had one major adjustment of drug therapy, i.e., an augmentation of bisoprolol 2.5mg twice daily 

to 5mg twice daily, 79 days after hospital discharge. The medication possession ratio (MPR) could be 

calculated for five of six patients in the control group for a median of four medications (range 1-5). For one 

patient (patient ID 2), most medications changed during the study period and for the remaining two 

medications he had too few pharmacy claims (<2) to be included into MPR calculation. The overall MPR of 

the control group was 1.01 ± 0.10. For the intervention patient, the MPR could be calculated over six 

medications. Some of the claims had shorter observation periods than others because the patient provided 

his stock medication for inclusion into the multidrug punch card. The overall MPR of the intervention 

patient was 1.18 ± 0.11. The MPRs per groups, patient, and medication are listed in Table 3. 

Adherence measures according to patient self-report, quality of life, clinical outcomes, and the changes of 

the patient’s medications during the study period are displayed in Table 4. Results from the ‘Believes of 

Medicines Questionnaire’ (BMQ) showed that the patients were rather ambivalent in medication use, in 

that they acknowledged the necessity but were worried about the consequences of medication use. 

Detailed answers to BMQ questions and the trends over time are given in Annex A4.7. Results from the 

electronic measurement of adherence by POEMS are reported separately in a case report (page 148). 
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Table 3. Medication possession ratio (MPR) per medication, per patient and per treatment group. 

SD, standard deviation. 

Patient 

ID 

Medication included in calculation Observation 

period [days] 

MPR  Mean MPR / 

patient 

SD 

Control patients (n=5) 

1 Rivaroxaban 312 0.94 0.94 n.a. 

4 Aspirin® 282 1.04   

Candesartan / hydrochlorothiazid 282 1.04 1.04 0 

5 Alendronate 315 1.07   

Aspirin® 189 1.04   

Atorvastatin 279 0.72   

Vitamin B complex 248 1.11 0.99 ± 0.18 

6 Aspirin® 302 0.97   

Atorvastatin 302 0.66   

Bisoprolol 302 0.99   

Lisinopril 302 0.99   

Ticagrelor 302 0.93 0.91 ± 0.14 

7 Aspirin® 169 1.16   

Atorvastatin 321 0.93   

Pantoprazol 244 1.23   

Ramipril 321 1.25   

Tizanidin 246 1.22 1.16 ± 0.13 

Overall MPR of the control group 1.01 ± 0.10 

Intervention patient 

10 Aspirin® 375 1.12   

Atorvastatin 328 1.31   

Clopidogrel 328 1.28   

CoAprovel 178 1.10   

Metfin 341 1.23   

Pantoprazol 232 1.03 1.18 ± 0.11 

 

 

.
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Table 4. Adherence, clinical and humanistic outcomes and medication therapy changes over the study period. 

Hc, healthcare; MMAS, Morisky Medication Adherence Scale; n.a., not applicable; OTC, over-the-counter; pack., packable; pat, patient; QoL, quality of life; SF12 v.2, short form 12 version 2; T0, T3, 

T6, T12, time points of discharge and follow-up visits at three, six, and twelve months. 

 Control patients Intervention patient 

Assessments 

For control patients values are given as median (range) 

T0 

(n=9) 

T3 

(n=8) 

T6 

(n=7) 

T12 

(n=6) 

T0 T3 T6 T12 

Adherence MMAS, 8  

(2.5-8) 

7 

(4.75-8) 

7 

(6.75-8) 

8 

(5-8) 

8 8 8 8 

VAS taking adherence 100% 

(50-100%) 

100%  

(98-100) 

100%  

(96-100%) 

99.5%  

(94-100%) 

100% 65% 95% 95% 

VAS timing adherence 100%  

(70-100%) 

100%  

(95-100%) 

100%  

(80-100%) 

95%  

(90-100%) 

50% 75% 95% 85% 

Humanistic 

outcomes 

(QoL) 

SF12 v.2 physical scale 56 

(40-59) 

47 

(33-60) 

54 

(44-59) 

55 

(33-58) 

46 39 42 48 

SF12 v,2 mental scale 54 

(45-63) 

53 

(44-58) 

57 

(40-60) 

56 

(44-63) 

42 62 61 58 

Clinical 

Outcomes 

Major therapy adjustment n.a. 0 0 0 n.a. 1 0 0 

Unplanned hospital readmissions n.a. 0 0 0 n.a. 0 0 0 

Unplanned visits at any hc facility n.a. 0 0 0 n.a. 0 0 0 

Planned GP visits per patient n.a. 2 (1-6) 2 (1-4) 3 (1-5) n.a. 4 3 2 

Pharmacy visits per patient n.a. 3 (1-7) 2 (0-4) 2 (0-4) n.a. 9 4 6 

Glycosylated hemoglobin ( control pat n=1) 6% n.a. n.a. 5.8% 8% n.a. n.a. 7% 

Blood pressure [mmHg] ( control pat n=5) 141/76  

(123/75-

154/92) 

n.a. n.a. 131/80 

(125/64-

142/91) 

183/93   193/88 

Medication 

changes 

Number of medications per patient 7 

(4-10) 

6.5 

(3-10) 

7 

(3-11) 

5 

(3-12) 

10 9 9 9 

Number of patients with medication changes n.a. 6 6 4 n.a. 2 0 0 

Number of medications started per patient n.a. 0 

(0-3) 

1 

(0-3) 

0 

(0-1) 

n.a. 0 0 0 

Number of medications stopped per patient n.a. 0.5 

(0-4) 

0 

(0-1) 

0 

(0-2) 

n.a. 1 0 0 

Number of medications changed per patient n.a. 1 

(0-3) 

0 

(0-2) 

0.5 

(0-4) 

n.a. 1 0 0 

Number of 

medication by dosage 

form at discharge per 

patient 

Oral, pack. 5 (4-9) n.a. n.a. n.a. 8 n.a. n.a. n.a. 

Oral, non-pack 0 (0-1) n.a. n.a. n.a. 0 n.a. n.a. n.a. 

Parenteral 0 (0-1) n.a. n.a. n.a. 2 n.a. n.a. n.a. 

Inhaler 0 (0-2) n.a. n.a. n.a. 0 n.a. n.a. n.a. 

Skin patch 0 (0-2) n.a. n.a. n.a. 0 n.a. n.a. n.a. 

Number of OTC medications 1.5 (0-6) 1.5 (0-7) 2 (0-5) 3 (0-6) 0 0 0 0 
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All control patients had one or several strategies to remind medication intake encompassing self-filled 

multicompartment adherence aids (n=4), visual reminders, storage of medication at a strategic place, 

connection with a daily routine, and integration in daily life. All patients were very satisfied with their 

strategies of medication management. There was no remarkable difference between control patients, 

who had their own systems for medication management and the intervention patient, who had the 

multidrug punch card. The control patients were confident that the system helped them with the 

correct use of their medication (Figure 8). The satisfaction of the intervention patient with the 

multidrug punch cards is shown in Figure 9. The patient reported initial handling difficulties because 

of strong resistance of drug removal from the cavities that were fully loaded (e.g., morning cavities, 

which contained eight medications). These problems resolved with time. 

 

 
Figure 8: Satisfaction of the control patients with their medication management system (n=6). 

 

 
Figure 9: Satisfaction of the intervention patient with the multidrug punch card. 
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At the end of the study, patient 6 of the control group wished to start multidrug punch card service. 

Patient 1 bought a pillbox, which she filled on her own. All other patients preferred to continue with 

their previous systems. The intervention patient requested to continue the multidrug punch card 

service. 

Harms 

During the whole study, there was no emergency call on the hotline. The intervention patient reported 

initial handling difficulties with the multidrug punch card, which resolved with time. There was never 

a danger of failure of medication intake because of the multidrug punch cards. Five of all ten patients 

stated adverse drug events at one or more follow-up visits, which are specified in Table 5. 

 

Table 5. Adverse drug events (ADE) reported during the study, action taken, and outcomes. 

ADE, adverse drug event; ADR, adverse drug reaction GP, general physician; T0, T3, T6, T12, time points of discharge and 

follow-up visits at three, six, and twelve months. 

Patient 

ID 

Time of ADE 

report 

Nature of ADE / suspected 

medication 

Action taken Outcome (assessed at 

the next follow-up visit) 

1 Consolidation 

phone call 

(1) Myopathy/atorvastatin 

(2) Gastro-intestinal 

problems, loss of appetite, 

obstipation, vertigo 

(1) Atorvastatin was stopped 

by the GP prior to the phone 

call. 

(2) Counseling about ADE 

management. 

Symptoms improved 

Follow-up T6 Obstipation / amlodipine Counseling about ADE 

management 

Symptoms persisted, 

follow-up at the next 

visit 

Follow-up T12 Loss of appetite, obstipation, 

loss of hair / antihypertensive 

medication 

Counseling about ADE 

management 

No follow-up 

2 Follow-up T3 Edema on lower leg, low body 

temperature / amlodipine 

None - patient reported 

handling by the GP 

No follow-up 

5 Consolidation 

phone call 

Increased tiredness Related to rehabilitation 

phase after hospitalization 

No follow-up 

Follow-up T6 Bad smell in mouth, 

hypersalvation / atorvastatin 

None - patient reported 

handling by GP 

No follow-up 

6 Follow-up T3 Increased tiredness / 

bisoprolol 

None - patient reported 

handling by the GP 

Follow-up at the next 

study pharmacy visit 

Follow-up T6 Increased tiredness / 

bisoprolol 

None - patient reported 

handling by the GP 

Follow-up at the next 

study pharmacy visit 

Follow-up T12 Increased tiredness / 

bisoprolol 

None - patient reported 

handling by the GP 

No follow-up 

9 Consolidation 

phone call 

Bleeds rapidly after marginal 

injuries, blood smells metallic, 

dry cough / ramipril 

Advise to discuss the ADE with 

the GP at the next visit 

(substitution of ramipril) 

Symptoms persisted, 

follow-up at the next 

study pharmacy visit 

Follow-up T6 Dry cough / ramipril Advise to discuss the ADE with 

the GP at the next visit 

(substitution of ramipril) 

Ramipril was stopped at 

T6 and substituted 

through valsartan / 

hydrochlorothiazide 
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C1.2 Study evaluation 

Hospital phase 

The evaluation catalogues of the structure and process elements of the pilot study contained a total 

of 158 questions with corresponding indicators and measurement methods (supplementary material). 

Single and continuous observations were performed in eleven halve days distributed over twelve 

working days between 15.04.-30.04.2013. The questionnaire was filled by all four study team 

members. The databases used for evaluation analysis contained data from 376 patients in the first and 

197 patients in second screening during the predefined time period.  

Structure evaluation 

Considering the fixed times of the ward (e.g. for ward rounds, meals, visiting) and the investigators’ 

experiences, the best time to go on the ward was between 10.00-12.00 a.m. for the second screening 

and after 3.00 p.m. for recruitment. The walking distances between the different study locations took 

less than 7 minutes. The response to calls of the hotline was tested five times, of which one was 

answered, one was called back, and three were not registered.  

Access to electronic and paper case notes was always possible, although paper case notes were not 

always traceable. An average of 5.8 ± 3.5 new patients (range: 1-15) were screened per day in the 

electronic hospital database. The average stay of a patient at the hospital was 7.4 ± 5.9 days (range: 1-

30). The number of days between entry of a patient and his / her assessment at the first screening took 

3.2 ± 2.5 days (range: 0-13). The observation showed that the electronic hospital database was not 

always up to date and that there were discrepancies of the patient numbers (±1), which resolved within 

one to two days. 

Figure 10 charts the flow of the first and second screening during the evaluation period. Major 

exclusion reasons were domicile, vitamin K antagonist, and dementia in the first screening, and < 4 

solid oral drugs, transfer to another institution, and non-packable drugs in the second screening. At 

the first screening 58.8% of all screened patients were included and at the second screening 49.2% of 

all patients available for the second screening were included for recruiting. The category ‘transfer to 

other institution’ comprised the transfer to another ward, nursing home, rehabilitation center, 

psychiatry, and women's house. In the first and second screening, 23 and 2 patients were assessed 

multiple times, respectively (exclusion reason ‘multiple inclusion’). The reasons for loss to follow-up 

because of discharge were non-availability of the patient during hospitalization (e.g., because of acute 

clinical condition, medical investigation etc.; 13, 34.2%), absence of the study team (12, 31.6%), too 

short hospital stay (9, 23.7%), and weekend discharge (4, 10.5%). 

Of 34 patients included for recruitment, 11 were excluded during the recruiting because of transfer to 

other institution (4, 8.8%), receiving medication from physician or rejection to change the pharmacy 
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(3, 8.8%), discharge (3, 8.8%), and < 4 oral solid medications (1, 2.9%). Twenty-three patients rejected 

the study participation because of several reasons (Figure 11). At recruitment, 12.5% of the visited 

patients were included and consented to participate. Overall, 1 of 94 patients from the first screening 

was enrolled. There were no drop-outs during the evaluation of the hospital phase of the pilot study. 

 

Figure 10: Flow chart of the patients in the first and second screening during the evaluation phase with the 

numbers and reasons for exclusion and loss of follow-up. Thirty-four patients were included for recruitment 

(this was an intermediate result of the master thesis and may not be in total accordance with the final adjusted 

analysis displayed in Part C1.1, Chapter ‘Participants’). GP, general physician. 
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Figure 11: Reasons for rejection of study participation (n=23; this was an intermediate result of the master 

thesis and may not be in total accordance with the final adjusted analysis displayed in Part C1.1, Chapter 

‘Participants’). 

 

All documents containing sensitive patient data were kept in a separately locked drawer. The study 

team members rated the place for document storage as inadequate because of inconvenience of 

access and the lack of clear arrangement in the drawer. The effort to print new documents was judged 

as low, the items in the case report forms (CRFs) well understandable, and the layout of the CRFs well 

designed. The structure of the CRFs, applicability and understandability of the predefined questions 

for the patients were considered as rather good. During observation, the patients asked no questions 

indicating trouble with the wording.  

Within the study team, the role was unclear for one, and the tasks not clearly defined for another team 

member. Some tasks handed over by the study coordinator were not or only partly manageable 

because of time or skill requirements. The Standard Operating Procedures (SOP) for the study 

distributed at the first study team meeting were known by three of four study team members and two 

persons adhered to them. The information flow was generally judged as too low and a regular updating 

by e-mail was desired. However, team members agreed that there were adequate possibilities for 

feedback to and support by the study coordinator. The study team rated the working atmosphere and 

communication as good at all study locations.  

A summary of the structure evaluation of the hospital phase is given in Table 7 at the end of section 

‘Process evaluation’. 

Process evaluation 

The time measurements of the single study steps and per patient in-, exclusion, and assessment are 

shown in Table 6. ‘Open patient’ means that the patient has not decided about study participation to 
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that moment. Predefined process schemes were available for the recruitment and the discharge 

counseling. The schemes were adhered to and uniformity of processes was mostly kept. The time 

needed by the patients to decide about the participation was 2.0 ± 2.9 days (n=5, range 0-7 days). 

 

Table 6. Time expenditure of study steps and per patient. 

CRF, case report form; min, minutes; n.a., not applicable; no., number; SD, standard deviation; T0, time point of discharge 

Step of the study 1. Screening  2. Screening  Recruitment  Discharge  

Time expenditures and numbers of patients screened and assessed per day 

No. of investigators observed (no. of 

observations) 

2 (11) 2 (8) 2 (6) 1 (1) 

Mean duration per day ± SD [min], (range) 42.7 ± 28.6 63.3 ± 25.0 36.8 ± 30.7 48.9 

Mean no. of patients assessed per day ± SD 6.5 ± 4.9 10.5 ± 3.7 1.60 ± 0.55 1 

Mean no. of included patients per day ± SD 3.6 ± 2.5 2.5 ± 1.1 0.2 ± 0.5 n.a. 

Mean no. of excluded patients per day ± SD 2.6 ± 2.7 3.0 ± 1.5 0.6 ± 0.6 n.a. 

Mean no. of open patients per day ± SD 0.3 ± 0.5 5.0 ± 1.9 0.8 ± 0.8 n.a. 

Time expenditures by patient screening and assessment 

No. of investigators observed (no. of 

observations) 

2 (45) 2 (27) 2 (7) 1 (1) 

Mean time expenditure 

of screening and 

assessment  

± SD [min] 

per included patient 5.4 ± 2.0 4.6 ± 1.0 47.5 48.9 

per excluded patient 0.7 ± 0.0 1.8 ± 2.0 3.8 ± 2.0 n.a. 

per open patient  0.4 2.1 ± 2.0 9.4 ± 5.7 n.a. 

 

At the second screening, a patient initially excluded for a criterion of which a change during 

hospitalization was potentially realistic (e.g., > 4 oral solid medications) and allowed the subsequent 

inclusion of the patient, was followed-up until discharge. At the moment of change of the criterion, 

the patient was included to be recruited. Of 10 initially excluded patients followed-up during the 

observation period, nine were definitively excluded and one patient was still followed-up at the end 

of the observation phase. The mean time for these follow-ups was 5.9 ± 4.4 days. The initial reasons 

for exclusion and the reasons for stopping the follow-up are illustrated in Figure 12.  
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Figure 12: Reasons for initially excluded and followed-up patients (n=10) and reasons for stopping the follow-

up (n=9). One patient was still followed-up at the end of the observation phase. 

 

For data entry, a preset MS Access database and a corresponding data dictionary were available. The 

filling of the database was manageable in adequate time (8.9 ± 3.2 for all data from screening to 

recruitment).  

The communication within the study team was reported to be optimizable. The communication of the 

study team with employees of the hospital pharmacy, the study pharmacy, and the hospital ward was 

rated as good. The observations confirmed these statements. Availability of information from nurses 

and physicians was good.  

A summary of the process evaluation of the hospital phase is given in Table 7. 
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Table 7. Summary table of the hospital phase evaluation. The dots indicate the judgment of the evaluator based on the 

results of the measurements according to the evaluation catalogue performed during the study. Green dots indicate 

adequate process / improvement unnecessary; orange dots indicate optimizable process / minor improvements 

recommended; red dots indicate inadequate process / major improvements necessary. The feasibility of the structure was 

not evaluated herein. 

N.e., not evaluated. 

Study 

step  

1. Scree-

ning 

2. Scree-

ning 

Recruit-

ment 

Disch-

arge 

Hospital Docum-

ents 

Study 

team 

Patients Software 

Structure  

Quality 
        

n.e. 

Efficiency 
        

n.e. 

Procedure 

Feasibility 
      

n.e. 
  

Quality 
       

n.e. 
 

Efficiency 
         

 

Primary care phase and patient satisfaction 

The rest of the evaluation catalogue was answered by the study coordinator’s experiences and by 

analysis of the study databases, and was mainly qualitative. The following paragraph lists, a summary 

of the inadequate points of study structure and process.  

Inadequate points of the study structure: 

 Follow-up visits: 

o Problematic understandability of SF12 v.2 and patient satisfaction questionnaires  

 Study patients: a drop-out rate of 33% is not acceptable 

 Community pharmacies: 

o Complaint from the regional pharmacy association about neglect of informing 

o Complaint from a community pharmacy because of client theft and subsequent 

implication to stop cooperation (transmission of patient records) 

 Study pharmacy:  

o Non-transferable key to the study pharmacy complicated the organization 

o Missing coordination with the study pharmacy team led to a collision of appointments 

(team event, follow-up visit) 

 Multidrug punch card / POEMS 

o We used prototype POEMS films, with which we experienced technical difficulties: false 

positives because of interference with other chips, false positives and early recordings 

because of injured circuitries before the actual removal or without removal, complete loss 

of data of 11 multidrug punch cards and nine additional days because of technical failure. 
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o Non-availability of RFID-chips resulting in a delay of recruitment and therefore in a loss to 

follow-up (discharge), and in increased effort for the intervention patient (more frequent 

visits). 

Major inadequate points of the study procedure: 

 Questionnaires: Conduction as interviews because of reluctance or inability of patients to fill out 

questionnaires. 

 Multidrug punch cards 

o  High time expenditure for production for four weeks (1.5-2h). 

o Difficulty in removing medications from the electronic multidrug punch card by the 

intervention patient if the cavities were fully loaded.  

 

The summary of the structure and process evaluation of the primary care phase is illustrated in Table 8. 

 

Table 8. Summary table of the primary care phase evaluation. The dots indicate the judgment of the evaluator according 

to the evaluation catalogue, based on the experiences of the study coordinator and database analysis. Green dots indicate 

adequate process / improvement unnecessary; orange dots indicate optimizable process / minor improvements 

recommended; red dots indicate inadequate process / major improvements necessary. 

Comm. pharm., community pharmacies; Cons., consolidation; MDPC, multidrug punch card; n.e., not evaluated; POEMS, 

POlypharmacy Electronic Monitoring System 

Study step  Cons. 

phone 

call 

Follow-up 

visits 

Study 

patients 

Comm. 

pharm. 

Study 

pharmacy 

MDPC / 

POEMS 

Resources Outcomes 

Structure 

Feasibility 
 

n.e. 
      

Quality 
  

n.e. 
 

n.e. 
 

n.e. 
 

Efficiency 
 

n.e. 
      

Procedure 

Feasibility 
 

n.e. 
 

n.e. n.e. n.e. n.e. n.e. 

Quality 
   

n.e. 
  

n.e. n.e. 

Efficiency 
   

n.e. n.e. 
 

n.e. n.e. 

 

Patient perspective 

Patient satisfaction with the study elements was high (Figure 13). 

In summary, the few and moderate criticisms concerned the high number of questions of the baseline 

assessment at the hospital, the information about the study, the structure and volume of discharge 
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counseling, the atmosphere in the study center. The intervention patient criticized the lack of financial 

compensation. 

Detailed results of satisfaction about hospital phase and discharge counseling, consolidation phone 

call, and follow-up are illustrated in Figures 14, 15, and 16. 

 

 
Figure 13: Overall satisfaction of all study patients with the study structures and processes (n=7). 

 

 
Figure 14: Patient satisfaction with the hospital phase and discharge counseling (n=7). 

 

 
Figure 15: Patient satisfaction with the consolidation phone call (n=7). 
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Figure 16: Patient satisfaction with the follow-up visits (n=7). 

Discussion 

Summary 

This pilot study showed adequate feasibility of the study design, but a lack in efficiency and quality. 

Accordingly, only ten patients could be recruited and only one patient accepted the intervention. Over 

the whole study duration there was no unplanned hospital readmission and one major adjustment of 

drug therapy in the intervention patient. However, the intervention patient maintained perfect 

adherence, and was clinically stable over the whole study year. In the control group, adherence was at 

a maximum according to self-report and medication possession ratio (MPR) and quality of life was 

adequate. Major inadequate points of the study procedure and structure concerned the high exclusion 

and rejection rates, the inadequate time management, the vague task assignment and poor 

communication within the study team, insufficient communication with the community pharmacies, 

the induction of a potential bias by medication counseling at the follow-up assessments, and technical 

difficulties with the POEMS prototypes. The evaluation of the pilot study pointed out important 

barriers for successful study performance and hence proved beneficial. 

C1.1 Pilot study 

The intent of this study was to show the effectiveness of electronic multidrug punch cards and 

feedback on electronic dosing history on adherence and patient-relevant outcomes, independently 

from clinical condition and age. The results of such a study would be representative for the general 

population and are highly demanded 62,142,155. With the small study sample, this question could not be 

answered.  

Overall, the patients participating in the study showed maximal adherence throughout the study 

period and implied ambivalent and affirmative attitudes towards medication intake. The adherence 

results of the control group lie over values reported for comparable patient groups 29,300. Of course, 

the results of our small study sample cannot be representative. In addition, patients engaging in a 

study investigating adherence might be interested in health and thus motivated to be adherent. 

Adherence of patients participating in a study is known to be higher than in real-life 91. Further, a 

reporting bias might be assumed, which occurs when the patients try to anticipate the preferred 
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answer 252. We performed a discharge counseling with all patients to exclude the interference of 

variable medication knowledge with our outcomes 108,265-267. However, the discharge counseling itself 

could have had an influence on the outcome parameters of the control patients, as this was shown by 

previous work 301. Additionally, we actively discussed medication changes at the follow-up meetings 

with all patients. Under these circumstances, the control patients probably had an unintended 

intervention and cannot be compared to patients having usual care from the community pharmacy.  

Another source for falsification is the insufficient reliability of patient self-report 268. However, the high 

values of self-reported adherence were supported by high MPR values in our study. For all control 

patients the mean MPR was between 0.91 and 1.16. Such MPR values have been reported favorable 

for health outcomes in various diseases 78,79. The oversupply, indicated by an MPR of over 1, occurred 

frequently and is comprehensible for adherent patients because they refill their medication before the 

use of the last tablet resulting in supply overlaps. However, this also means that the assumption 

defined for this calculation, i.e., that the patients were out of medication stock at the first supply, has 

to be doubted and therefore MPR could be underestimated. On the other hand, we did not account 

for supply gaps and allowed the retrospective filling of these gaps, which of course overestimates 

adherence. Further information is lost by the exclusion of patients with fewer than two pharmacy 

claims. For these patients, non-persistence has to be assumed. Finally, the calculation of a mean MPR 

per patient balances high and low values and hides non-adherence to single medications. In our 

sample, there were MPR values below 0.9 for some medications. Above all, it is noticeable that MPR 

values for statins were especially low and that this trend occurred in all patients with prescribed 

statins. Such trends have also been observed in other studies 87,104. For patients with polypharmacy, a 

new method to calculate adherence has been proposed recently, which accounts for the shortcomings 

discussed above, e.g. retrospective filling of gaps 82. In the intervention patient, the MPR symbolizes 

the supplies that registered by the study pharmacist for the multidrug punch card production and does 

not represent the actual refill of the patient. However, indirectly it implies that the patient collected 

all multidrug punch cards for a continuous supply. 

There was no unplanned readmission to the hospital during one year after the index hospitalization. 

This could indicate either that all patients were clinically stable due to optimal adherence, or that the 

observation period for this kind of outcome in that particular population was too short. Available 

literature rather supports the first assumption 99,105,292,293, however, the small sample size limits such 

considerations. One major adjustment of therapy occurred 79 days after discharge in the intervention 

patient (doubling of the bisoprolol dose). Treatment intensification has been associated with poor 

adherence 95. The intervention patient suffered from uncontrollable blood pressure, which persisted 

during index hospitalization and over the whole study period. All other treatments remained 
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unchanged and adherence was high according to all measurement methods. We therefore do not 

assume treatment failure as a result of non-adherence. In the control group, a considerable number 

of treatment changes occurred too. Nevertheless, there was no major therapy adjustment indicating 

treatment intensification.  

Quality of life yielded good results representing average values related to the US population (indicated 

by the SF12 tool 289). The initial drop of the physical component at the three-month follow-up might 

reflect the reason or consequence of the index hospitalization. All control patients had a 

multicompartment adherence aid and / or a strategy remembering the intake of their medication, 

which might further explain the good adherence results. The fact that most of them had had the 

medication and the management system before index hospitalization, made them well used to it and 

medication was integrated in their daily life, which was shown to be beneficial for adherence 57,264. 

Most patients were very satisfied with their own medication management system. One patient 

indicated handling problems and limitations by her system and reported low adherence rates, 

indicating that the system did not sufficiently support her. Accordingly, this patient requested a dose-

dispensing aid that she could fill by herself at the end of the study. Only one patient of the control 

group was interested in adopting a multidrug punch card at the end of the study. He was the youngest 

of all patients in the trial and was hospitalized because of a myocardial infarction without taking any 

medications before that time point. He had the lowest adherence rate of all control patients according 

to MPR and suboptimal adherence according to self-report. This could point out that young patients 

completely integrated in work life receiving multiple newly prescribed medications after a major 

clinical event could be a target group for multidrug punch cards. This assumption is supported by a 

qualitative study reporting that younger patients with busy lives encounter similar medication self-

management troubles as elderly patients, e.g., forgetting medication intake 255. The other patients 

either had compelling strategies for medication management (e.g., one patient kept a log sheet with 

a self-made medication plan and all medication changes including therapy goals and blood pressure 

monitoring), rejected the use of multidrug punch cards, or had a reduced number of prescribed 

medications the end of the study not requiring support for medication management. 

Our intervention patient was perfectly adherent according to all adherence measures and clinically 

stable during the whole study period. The feedback sessions helped him to grow more confident in 

medication self-management and in adherence reporting. The gain of quality of life might have to do 

with the stable clinical condition. We suggest that the sustained pharmaceutical care by the multidrug 

punch card and the repetitive feedback sessions supported the maintenance of the patient’s adherent 

behavior. Increased adherence was reported by five of six studies with multidrug punch cards 

49,159,160,176,211, two of them showing improved clinical outcomes49,160. These results strengthen our 
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assumptions. Initial handling difficulties resolved quickly and the patient reported to be very satisfied 

with the multidrug punch card use. He wished to continue the service after completion of the study. 

Due to the easy application and the good acceptance, we suggest POEMS to constitute an instrument 

for further applications e.g., for diagnosis of therapy resistance, to detect non-adherence or white coat 

adherence and to improve pharmaco-vigilance (by allowing the timely association of drug-drug 

interactions and adverse effects). The use within adherence-enhancing programs allows the detection 

of specific adherence behavior, feedback thereon and tailoring of specific interventions according to 

the detected behavior. Feedback with electronic dosing history of MEMS® and tailored adherence 

support were claimed to be most effective in adherence support 126,136. Therefore, we suggest similar 

success with POEMS for adherence to polypharmacy.  

C1.2 Evaluation 

This part of the report extensively discusses the shortcomings that led to the abandonment of the pilot 

study, exploring reasons and proposing solutions for a more successful future approach. 

At the study planning, the hospital phase was expected to be the most critical phase due to anticipated 

communication difficulties with the ward staff, problems of access to the case notes and loss to follow-

up due to missed discharge. However, feasibility proved very well in the hospital phase and information 

was readily available on request. Apart from this, the unprompted information flow from the ward to 

the study team about discharge proceedings did not work well. We instructed the ward staff to inform 

the study team about the discharge of the study patients by hotline call. This was highlighted during 

two staff meetings (to physicians, to nurses) and described in a leaflet posted in the physicians’ and 

nurses’ room, and in the case notes of every participating patient. However, we received one hotline 

call during the whole study period. Consequently, discharge proceedings were actively pursued by the 

study team.  

In the follow-up phase, feasibility was worse, with weak points including problematic communication 

with community pharmacies of the region, technical difficulties with the electronic monitoring 

technology and the reluctance of the patients to fill the questionnaires.  

The communication with the community pharmacies of the region was difficult. Some of them felt 

competed against, because the intervention patients (10 were intended for the pilot study and 100 for 

the main study) would have received their medication from the study pharmacy instead from their 

usual community pharmacy. This could have resulted in loss of costumers for the community 

pharmacies in the region. This fact was inadequately communicated to the regional professional 

pharmacy association, which inquired for clarification after the commencement of the study. The 

individual information of the community pharmacies by fax at the point of discharge of a study patient 
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belonging to their client base was deemed insufficient. Therefore, projects of this kind and dimension 

might be worth to be introduced at a regional association meeting, addressing challenges and conflicts 

of interest. Additionally, the possibility of collaboration could be checked, for example for dispensing 

of the prepared multidrug punch cards to the intervention patients. In fact, the reluctance to change 

the usual community pharmacy led to many rejections of the study participation. A closer collaboration 

might be beneficial for both sites. Most patients were reluctant and one patient was unable to fill 

questionnaires by their own, which were consequently performed as interviews. This could result in 

an observer bias where the anticipated answers are filled without confirmation of the patient. 

Therefore, the suitability of the instruments has to be checked meticulously for suitability for the 

anticipated study population. 

The efficiency in the hospital phase was majorly flawed, resulting in a recruiting rate of 1%. Inadequate 

points included the high exclusion rate, the time management during the whole hospital phase, the 

vague task assignment to the study team members, and the poor communication in the study team. 

The average hospital stay of 7.4 days minus 3.2 days lost due to the out-of-date electronic database 

minus 2.0 days for the patients to decide over study participation left two days for two screenings, 

recruitment, baseline assessment, and discharge management. To screen ten new patients and include 

two of them in the time-intensive second screening usually lasted one hour. In this screening step the, 

first baseline assessment from paper case notes was included, which was inefficient considering the 

large rejection rate. Additionally the follow-up of initially excluded patients cost unnecessary time, 

because all of them were excluded eventually. Due to these time management problems, patients 

were lost to follow-up because of discharge.  

The exclusion rate was exceptionally high and mainly due to domicile and prescription of a vitamin K 

antagonist in the first screening. We anticipated the first exclusion criteria to be limiting because the 

recruitments’ setting was a competence center and university hospital congregating patients from all 

over Switzerland and from abroad. The ethics approval was restricted to the patients in the region and 

the reduced mobility of the multimorbid patients was limiting for the inclusion of patients living further 

away. In the second screening, the main reasons for exclusion were ‘< 4 oral medications’ and ‘transfer 

to another institution’. The high frequency of the first exclusion reason was unexpected due to the 

assumption that the patients on the ward of the internal medicine were mainly multimorbid requiring 

five or more medications. However, there were also acute patients, who had no underlying chronic 

conditions, e.g., patients with severe infections and patients with stationary oncologic treatment. 

These patients had no additional long-term medications. The multimorbid and old patients and the 

patients, who were admitted for severe clinical events, e.g., stroke, myocardial infarction, mostly had 

over four prescribed medications, but were often transmitted to a rehabilitation center or to a nursing 



142:  

PROJECT C1 | Electronic multidrug punch cards to improve clinical and 

humanistic outcomes in patients after hospital discharge 
Discussion 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

home, which precluded their participation. The main reasons for rejection reflected the characteristics 

of the screened population, namely acute and/or severe illness and therefore physically or 

psychologically not able to engage in a study or, apart from the hospitalization reason, vital and 

independent, preferring to self-manage their medication. Here came to light, that the use of dose-

dispensing aids was somehow stigmatizing and not acceptable for all patients. A predominant 

statement was that they were not so old or dement as to require such an aid. It was investigated before 

that the patients accepting multidrug punch cards had to be picked by special characteristics, e.g. 

retired, living alone, low education grade, preference for daily routines 271. The experiences of the 

hospital phase with its high exclusion and rejection rate showed that the location chosen for 

recruitment did not accommodate this target group.  

The number of lost-to-follow-ups was kept within reasonable limits and was mainly due to a shortage 

of the study team. ‘Exclusion from the ward round’ was due to the processes of the ward and the 

limited availability of the study team members. The ward accommodated 35 patients with three 

responsible physicians. Regular ward rounds took place from 9-11 a.m. in parallel, with each physician 

visiting approximately 10 patients. Most of the time, only one study team member was available and 

attended the ward round of one physician, automatically excluding approximately two thirds of the 

patients. The shortage of the study team resulted out of unclear definition of the study team members’ 

tasks and roles, from high timely demand (e.g., one discharge counseling with preparation and post 

processing lasted approximately 4-6 hours), the lack of communication within the study team, and a 

lack of briefing for the task. Although an SOP was available, it was not used as intended, and tasks and 

roles were not clear for all study team members. This indicated that the formation and continuous 

information for the study team is of major importance for study efficiency 302. Organization of time 

coverage by the study team for the whole study duration should be initiated with defining one 

responsible investigator and one investigator on picket for each day of the week. The study coordinator 

additionally being the main investigator seems to be inadequate, also from the perspective of 

methodological quality (e.g., observer bias). A kick-off meeting, followed by individual briefing and 

regular information update might be valuable. Additionally regular study team meetings should discuss 

uncertainties, difficult situations and problems with the study protocol. This would strengthen the 

feeling of belonging to the team, make the study team members confident and efficient in their work, 

facilitates the precise definition and delegation of tasks, relieve timely constraints, and make study 

procedures more efficient. 

The efficiency of the primary care phase contained also problematic but mainly optimizable points. 

The accessibility of all study team members to the study pharmacy and exchange of event dates at the 

pharmacy (team meetings, follow-up visits) can promote efficient working steps. The production of 
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multidrug punch cards for a four-week supply of one patient took a considerable amount of time and 

involved two study team members. Except for the double check of the multidrug punch card content, 

this work could also be completed by a pharmacy technician, relieving the study team. Instructions 

were available from an SOP. The material for the POEMS, namely the RFID chips were scarce and did 

sometimes prevent recruitment of more intervention patients. Additionally the intervention patient 

could not at all times be provided with the number of multidrug punch cards according to his wishes 

to reduce refill frequency.  

The quality of the hospital phase was mostly evaluated to be inadequate. These shortcomings were 

mostly technical in nature and could be improved by small changes. For example the emergency 

hotline did not work properly, which was corrected immediately. Confusion with and availability of the 

CRFs induced the rethinking about having all-in-one electronic forms. 

In the primary care phase, the quality was mostly optimizable. One point concerned the 

understandability of the questionnaires. It seems important to test them preliminary with real patients 

instead of students or team members, which was the common practice. It seems questionable if the 

study follow-up visits should be performed by a pharmacist and if it is suitable to discuss medication 

changes actively. This could lead to a bias. Almost all patients indicated that their medication 

management at home improved because of the follow-up visits, which indicates a bias and undermines 

the effect of the intervention. There were some drawbacks of the prototype POEMS films limiting the 

results of the electronic adherence measurement. First, the electronic film was sensitive to handling 

resulting in false positive results and preventing the analysis of timing adherence. Second, there were 

interferences with other signals, but these could be detected and deleted. Third, due to deficiency of 

the film or the chip, data of 11 multidrug punch cards was lost. Nevertheless, the data obtained from 

the electronic monitoring was valuable for analysis and for the patient. Improvement of the 

functionality and specificity of the technology should be attempted to yield reliable and continuous 

data. 

Finally, there were processes and structures that worked remarkably well. Especially the work on the 

ward was agreeable and the atmosphere was friendly and open. Information was provided without 

hesitation or delay. This could be due to the reason that the ward was well organized, that they were 

used to ongoing studies and that they were informed prior to study commencement. Also the 

Notfallapotheke Basel was found to be a suitable place as a study center. Collaboration with the teams 

of all locations went very well. Additionally the satisfaction of the patient with the study was high. The 

discharge counseling and the medication plan were much appreciated by the patients, however, it 

seemed that the information of the counseling should be as short as possible and more tailored to the 
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patient’s needs 283.The financial compensation of an intervention patient could be reconsidered 

because of substantial additional expenses.  

The evaluation of the hospital phase led to several changes (connection of first and second screening; 

allocation to the control group at non-acceptance of the intervention). These changes slowed down 

the study process, and hence the tasks were better manageable by the study team and the time 

management improved. The screening was limited to one hour a week and to one to two thirds of the 

patients of the ward. The rotation from one third to the other enabled to see new patient at every 

ward round. The physicians and nurses accepted the participation in the ward rounds. Although one 

to two thirds of the patients were excluded by this proceeding, the recruitment success did not 

decrease but improved marginally (four patients in four months before and six patients in four months 

after the changes). However, the majority of the patients had still to be excluded and the recruiting 

rate was still inadequate. For this reason, the pilot study was abandoned for revision of the study 

design. Overall, the parallel conduction of the evaluation proved beneficial and indicated key points 

for amelioration. 

Limitations 

The study sample was too small to draw conclusions. Further, there were limitations of the outcomes 

measures, namely reliability of self-report, calculation method of MPR, and functionality of the POEMS 

prototypes. The discharge counseling and the active discussion on medication change at the follow-up 

visits could have influenced the good adherence outcomes of the control patients. Inversely, a 

selection bias could have included patients in the study who were basically adherent, indicated by the 

high baseline adherence. Due to the slow progress of the study, some points of the evaluation could 

only be studied insufficiently and precluded a fully systematic approach. Analysis based partly on 

subjective judgment of the master student or the study coordinator. Although this limits the results, 

several inadequate points could be detected, which impeded feasibility, efficiency and quality and 

which should be improved for a resumption of the study. 

Challenges 

In summary, the major challenges of the pilot study were: 

 High exclusion and rejection rate 

 Coordination of and communication within the study team 

 Communication with the community pharmacies of the region / regional pharmacy association 

 Organization and coordination of the study within the real-life setting 

 Time management 

 Limited availability and functionality of POEMS prototypes 
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 Inadequate number and storage of study documents 

 Reluctance of the study patients to fill questionnaires, inadequate understandability of 

questionnaires 

Outlook 
For the revision of the study to yield adequate feasibility, efficiency, and quality, several 

recommendations can be made: 

 A new location for recruitment may provide a population corresponding to the defined inclusion 

criteria and accepting the multidrug punch card use. In our opinion, a rehabilitation center could 

accommodate such patients. A further advantage of the rehabilitation center would be the 

longer stay of the patients, enabling an improved time management. Alternatively, patients 

could be recruited at the community pharmacy. 

 A pre-assessment of the adherence pattern of eligible patients might be considered to select the 

target population for the multidrug punch card intervention. 

 Physicians on the ward may be involved in recruitment. The patients’ medication self-

management at home could be easily determined during the ward round and at detection of 

problematic polypharmacy, the physician could refer a patient to discharge counseling, where 

the suitability and acceptance of study participation could be checked. For this purpose, a tool to 

check patients at risk could be helpful. 

 The regional professional pharmacy association could be involved at an early time in study 

conceptualization to clarify conflicts of interest and to identify possibilities for collaboration. 

 Organization and formation of the study team has to start early, including the clear definition of 

roles and tasks, maintenance of a study calendar and time coverage (ideally through a 

responsible investigator and a picket investigator per day), and regular information, e.g., kick-off 

meeting, briefing, regular follow-up meetings, update e-mails. 

 The separation of the study coordinator and the main investigator has to be considered to 

minimize observation bias, enable blinding of the investigator, and the enable the study 

coordinator to more adequately fulfill coordinating tasks. 

 For calculation of adherence to polypharmacy out of pharmacy claims, Daily Polypharmacy 

Possession Rate (DPPR) seems more appropriate than MPR. 

 Functionality, sensitivity and specificity of POEMS have to be improved in the next generation. 

Annex 

 A4.1 Final board decision of the Ethikkommission Beider Basel for the Medication Blister Study 

 A4.2 Case report form hospital screening, assessment and recruiting (CRF T-1) 
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 A4.3 Example of a case report form for a follow-up visit (at three month) 

 A4.4 Questionnaire Adherence 

 A4.5 Short form 12 version 2 (quality of life questionnaire) 

 A4.6 Patient satisfaction questionnaire 

 A4.7 Analysis of the Believes about Medicines Questionnaire (BMQ) 

Supplementary material (available on CD-R or on request) 

 Administrative material 

 Case report forms 

 Questionnaires 

 Data dictionaries 

 Material used at discharge counseling 

 Information material for co-workers 

 Standard Operation Procedures 

 Evaluation method catalogues and assessment forms 
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Summary 
We report of the first polypharmacy adherence monitoring over 371 days, integrated in a 

pharmaceutical care service (counselling, electronic multidrug punch cards, feedback on recent 

electronic records) for a 65-year old male diabetic patient after hospital discharge. The initial 4-times 

daily regimen with 15 daily pills changed after 79 days into a 2-times daily regimen with 9 daily pills for 

the next 292 days. The patient removed all medication from the multidrug punch cards (taking 

adherence 100%) and had 96.9% correct dosing intervals (timing adherence). The 57 evening doses 

showed the least variation in intake times at 17h 45min ± 8min. Over the observation year, the patient 

was clinically stable. The patient was very satisfied with the multidrug punch card use and the 

feedbacks on electronic records. In conclusion, long-term monitoring of polypharmacy was associated 

with the benefit of successful disease management. 

Keywords: Healthcare improvement and patient safety, medical management, medical education. 

Background  
According to its latest definition, "Pharmaceutical Care is the pharmacist's contribution to the care of 

individuals in order to optimize medicines use and improve health outcomes" 39. Thus, medication 

adherence, i.e., the extent of a patient following the recommendations by a health-care professional, 

represents a central concern in pharmacy practice. With typical adherence rates for oral prescription 

medication of approximately 50-76% 37,90, non-adherence has been designated as one of the largest 

health care problems in society 37,65,143, since it impairs clinical outcomes and quality of life, and 

generates costs 83,103,105,113,269. Polypharmacy, i.e. the use of multiple drugs administered to the same 

patient 14, has been described as a factor strongly related to non-adherence 13,303. However, 

polypharmacy has become common because of e.g. clinical practice relying on multidrug 

combinations, increased rates of comorbidities and the aging population. In this context, dose-

dispensing aids such as multidrug punch cards are suggested to improve adherence to polypharmacy 

and clinical outcomes 62,146,258.  

Electronic monitoring is considered nearest to gold standard in adherence measurement 272. Several 

studies used a pill bottle with a computer chip equipped cap that records each opening of the bottle. 

Because of the design of this pill bottle, one lead drug can be monitored at one time 274-278. The recent 

development of printed electric circuitries and RFID technology made it possible to monitor 

polypharmacy by using a paper film and a chip collecting real time data (Confrérie Clinique S.A., 

Lausanne, Switzerland) affixed on the back of a multidrug punch card 273. The POlypharmacy Electronic 

Monitoring System (POEMS) records date, time, and location of medication removal of the whole 

therapy regimen.  
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We report of the first polypharmacy adherence monitoring over 12 months, integrated in a 

pharmaceutical care service for a diabetic patient after hospital discharge. The patient was recruited 

within a pilot study to prove feasibility of a pharmaceutical care service with electronic adherence 

monitoring (ClinTrials.gov Identifier: NCT01759095). 

Case presentation  
We report of a 65-year old male patient who was hospitalized for a sepsis by Staphylococcus aureus at 

a large Swiss university hospital from January 28th to February 18th 2013. His actual diagnoses 

included late onset autoimmune diabetes in the adult (HbA1C: 8%, 30.01.2013) with manifest 

complications (diabetic foot with chronic osteomyelitis, non-proliferative retinopathy, 

polyneuropathy), coronary heart disease with double stenting during the actual hospitalisation (LDL: 

2.83 mmol/l, 01.02.2013; TG: 1.82 mmol/l, 01.02.2013), and a beginning heart failure (LVEF 40%, blood 

pressure: 183/93 mmHg, 18.02.2013). Signs of a beginning dementia were reported but not further 

investigated. He was retired, lived independently and alone in a middle-sized city, and self-managed 

his medication by the use of a weekly pillbox. In January 2013, he was newly prescribed basal insulin 

by the general physician (GP) in addition to rapid-acting insulin that had been initiated years before. 

Amputation of digits I and II on the left foot had occurred after emergency hospitalisation in October 

2010. He had no allergies and was a current smoker (30 pack years). At discharge, the patient was 

prescribed ten different medications representing 15 pills in a 4-times daily regimen (Table 1). 

Medication reconciliation, i.e. the comparison of pharmacotherapy before and after hospitalisation, 

showed that three medications were newly introduced, one dosing frequency was reduced, one 

strength was augmented, and intake times changed from 2-times daily to 4-times daily. 

Investigations 
Adherence to polypharmacy was measured by POlypharmacy Electronic Monitoring System (POEMS) 

affixed on a disposable weekly multidrug frame card with 28 unit-of-use doses spread over 7x4 plastic 

cavities, filled by the community pharmacist with all oral solid medication. 

Treatment  
During hospitalisation, a clinical pharmacist recommended to refer the patient to a pharmaceutical 

care service consisting of individualized counselling (knowledge of medication), packaging of solid oral 

medication into multidrug punch cards (facilitation of polypharmacy management), and electronic 

adherence monitoring (measurement-guided medication management). Insulin management did not 

require further instruction. The responsible physician approved the recommendation and the patient 

provided written informed consent. 
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Two days prior to discharge, the pharmacist counselled the patient on indication, long-term benefit, 

adverse effects, and correct use of all discharge medication using standardized information sheets. The 

sheets were handed out instead of official package inserts upon the patient’s request. The pharmacist 

instructed the use of the multidrug punch card and tested the patient’s dexterity to remove tablets.  

At discharge, the patient was provided with one multidrug punch card equipped with POEMS, 

containing all prescribed oral solid medication for one week and his medication plan (Table 1, Figure 1). 

 

Table 1: Medication plan handed out to the patient at hospital discharge.  
HTC, hydrochlorothiazide; n.p., no picture available.  

Medication plan for [patient name] *[year of birth] 
    

 
 

Physician        Date dd.mm.yyyy    

Ward        Visum      

         

Hotline: xxx xxx xx 
xx 

Medication   Dosage     Picture Indication Note 
Name   Dose morning noon evening night       

Irbesartan / htc 300/12.5 mg 1       
 

Blood pressure   

Aspirine® 100mg 1       
 

Blood thinning Before meal 

Atorvastatin 40mg     1   
 

Blood fat   

Pantoprazol 40mg 1       
 

Gastric acid   

Bisoprolol 2.5mg 1   1   n.p.  Blood pressure   

Clopidogrel 75mg 1       
 

Blood thinning   

Metformin 1000mg 1   1     Sugar   

Clindamycin 300mg 2 2   2 
 

Infection Stop on 07.05.13 

                  

Insulin Lisprum              Sugar According to scheme 

Insulin Glargine              Sugar According to scheme 

                 

 

 
Figure 1: Electronic multidrug punch card front (left) and back with affixed POlypharmacy Electronic Monitoring 

System (POEMS; right). 
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Five days after discharge, the patient was called to consolidate the safe and correct management of 

the electronic multidrug punch card. Exchange of empty multidrug punch cards for new filled ones 

occurred every 2-4 weeks at a predefined community pharmacy. The electronic records of the previous 

week were discussed following a protocol for measurement-guided medication management 

(MGMM) 272 and using elements of motivational interviewing 285 like open-ended questions, reflective 

listening, affirmative style, enhancement of personal motivation, setting goals and obtainment of a 

change of plan.  

Outcome and follow-up 
The monitoring period lasted from February 18th 2013 (discharge day) until February 23rd 2014 and 

covered 371 days. In total, 54 multidrug punch cards with 899 unit-of-use doses were handed out. All 

returned multidrug punch cards were empty (taking adherence by pill count of 100%). Eleven 

multidrug punch cards (20.4%) and 9 random days were not readable (technical failure), and 17 event 

times were not recorded, leading to lost data for 218 doses (24.2%). The patient removed 8 pocket 

doses in anticipation of intakes away from home, which were excluded from the calculation. The 

summary of adherence statistics was derived from 673 electronic records. 

The first 79 days of treatment comprised 4-times daily intakes (QID) due to antibiotic treatment until 

7th May 2013, and covered 21.3% of the observation period. On May 8th 2013, the GP augmented 

bisoprolol from 2.5mg to 5mg twice daily without influence on the number of pills or the intake times. 

The next 292 days comprised twice-daily intakes (BID). A total of 278 doses were retrieved in the 

morning (QID: 63, BID: 215) in average at 7h 34min ± 55min (QID: 7h 24min ± 27min, BID: 7h 36min ± 

1h 1min). The antibiotics assigned to be taken at noon (63 doses) and at night (65 doses) were taken 

in average at 12h 22min ± 2h 6min and at 21h 44min ± 44min, respectively. A total of 267 doses were 

retrieved in the evening (QID: 57, BID: 210) in average at 17h 39min ± 1h 1min (QID: 17h 45min ± 8min, 

BID: 17h 37min ± 1h 14min). The electronic records over the whole year are displayed in Figure 2. 
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Figure 2: Electronic records over the one-year monitoring period. 

 

A dosing interval was defined as correct if the time between doses was within 25% of the prescribed 

dosing interval, i.e., ± 3h for a 12-hour period (BID) and ± 1.5h for a 6-hour period (QID). Overall 96.9% 

of the dosing intervals were correct. All morning and evening doses of the QID regimen were taken in 

the grace period of 1.5 hrs, while 10/63 doses at noon and 4/65 doses at night were taken earlier or 

later, representing 5.4% of all QID doses. Of the BID regimen, 2/215 doses in the morning and 5/210 

doses in the evening were taken outside the grace period of 3 hrs, representing 1.6% of all BID doses. 

The patient kept all 17 planed appointments for multidrug punch card exchange and feedback sessions. 

He went on vacations thrice for several weeks. During the 9 feedback sessions conducted regularly 

every 1-2 months, the patient confirmed the safe and correct use of the punch card. He was very 

satisfied with his electronic records and emphasized his efforts for a highly regular taking and timing 

adherence. He reported a strong integration of the process of medication taking into his daily routine, 

i.e. coupled to mealtimes and insulin injection. 

During the 12 months of monitoring, the patient had no readmission to hospital and no emergency 

visit. Laboratory values remained stable (LDL: 2.9 mmol/l, 29.01.2014; TG: 2.2 mmol/l, 29.01.2014; 

blood pressure: 193/88, 31.01.2014). HbA1C decreased to 7% (31.01.2014). 

The patient was satisfied with the intervention and declared a feeling of increased medication safety 

owing to the multidrug punch card use. The electronic records used during the feedback sessions 

helped the patient to gain confidence in medication management and to maintain perfect regularity 
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of the intakes. The electronic monitoring did not bother him. At the beginning, the removal of the 

medication out of the multidrug punch card caused him trouble because the back layer was hard to 

push through. However, he got used to it quickly, reported no more problems and wished to keep the 

punch cards after end of monitoring. 

Discussion  
We found 3 close case reports in literature. First, a 79-year old Japanese female with type 2 diabetes 

and mild cognitive impairment took all medication 3-times daily from a sounding and light flashing 

electronic device 304. After 6 months, adherence by pill count was one missed dose per week (95%) and 

HbA1C decreased from 8.0 to 7.1%, demonstrating the efficacy of the electronic reminder device. 

Second, a 17-year old female treated for Fanconi Anaemia with 8 drugs daily had an estimated 

adherence of 25% 305. She received 35 motivational interviewing sessions over 17 months. Adherence 

to the lead medication levothyroxine measured by electronic pill bottle showed a significant 

improvement up to 82%, demonstrating the efficacy of motivational interviewing. Third, a 65-year old 

Swiss male with epilepsy and suspected abuse of sleeping pills was monitored with electronic 

multidrug punch cards over 3 weeks 76. Inadequate medication intake behaviour could be corrected 

with feedback sessions. 

Our case with pharmaceutical care service including electronic monitoring of adherence to 

polypharmacy and regular feedback on electronic records was successful to maintain perfect 

adherence and clinical stability during one year. A glycosylated haemoglobin (HbA1C) level of 7% was 

reached during the one-year monitoring period and represents the target level recommended by the 

American Diabetes Association (ADA) and the European Association for the Study of Diabetes (EASD) 

for elderly comorbid patients 306. The lowering of the HbA1C by 1% is known to improve micro- and 

macrovascular clinical endpoints significantly and to reduce all-cause mortality by 14% 307. In our case, 

the HbA1C reduction probably followed from the adjustment of insulin therapy one month before 

hospitalisation. However, the impact of multidrug punch cards was demonstrated by a mean HbA1C 

reduction of 0.95% in 36 diabetic patients with oral antidiabetics after 8 months in a randomized 

controlled trial 161. We thus can suppose that for our patient, the multidrug punch card acted as a 

railing and interrelated the oral therapy with the insulin therapy. 

The challenging therapy plan of 4-times daily intake for over a fifth of the observation time and changes 

in daily routine like vacation had no influence on the patient’s adherence. Because frequent dose 

dispensing and interruption in daily life were reported to negatively affect adherence 89,308,309 we 

assume that the multidrug punch card (as practical tool) coupled to the continuous feedback sessions 

(as external motivator) were able to consolidate and maintain perfect adherence. This assumption is 
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supported by a meta-analysis attributing a large effect to the intervention of feedback on electronic 

dosing history 136.  

We acknowledge some limitations. The substantial loss of data due to technical flaws of our first 

generation POEMS is inherent in newly developed technologies. The subsequent generation of 

electronic films will be improved. Electronic monitoring is often criticized to assume rather than prove 

the patient’s actual medication intake. However, we observed that patients usually accept monitoring 

and thus swallow the removed medication 310. Finally, the patient’s being aware of observation is 

supposed to have an impact on the outcomes. However, a recent study showed that the use of an 

electronic device leads to a small, non-significant increase in adherence compared to standard 

packaging 311. In conclusion, this case is to our knowledge the first report of long-term monitoring of 

polypharmacy associated with the benefit of successful disease management. 

Learning points/take home messages 

 The pharmaceutical care intervention – comprising electronic monitoring of adherence to 

polypharmacy and recurrent feedback sessions – maintained optimal adherence and stabilized 

disease management. 

 The patient accepted the electronic monitoring of adherence to polypharmacy over one year and 

was satisfied with the service. He was even willing to continue with this service after study end. 

 Electronic monitoring of polypharmacy was feasible over one year and yielded valuable results. 
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General discussion and conclusions 

In this thesis, we researched the evidence, the present circumstances, and the effectiveness of 

multidrug punch card use in primary care with the aim to support the patient’s medication self-

management for optimization of medication use and thus to reach appropriate polypharmacy. 

 

The World Health Organization and other organs urge the development of effective interventions to 

enhance adherence as a first priority subject. To have an overview of the work done with the focus on 

dose-dispensing aids, PROJECT A1 was designed to review and map the evidence of dose-dispensing aids 

to improve adherence and economic, clinical, and humanist outcomes. Previously published reviews 

with restrictive inclusion criteria were deemed insufficient to have a complete overview 147,155,156. 

Evidence mapping stipulates the use of broader inclusion criteria to give an overview on a whole topic 

area and allows the identification of evidence gaps 168. With the use of this methodology and of a tool 

specifically designed to assess the methodological quality of public health studies with variable study 

designs 163, we were able to include more studies. Further, as health-care professionals rely on both, 

robust evidence and details of the delivered interventions to integrate them into clinical practice, we 

developed a list of additional criteria for completeness of information. Just recently, new guidelines 

were published as an extension to the CONSORT statements, which support this approach 312. 

We found that a substantial amount of research has been done, including 10 randomized controlled 

trials, 19 controlled trials, and 1 cohort study, which involved different dose-dispensing aids in single 

or combined interventions. These devices offered a broad field of application and were mostly studied 

in elderly patients with polypharmacy. Dose-dispensing aids had a significant effect on adherence in 

17 out of 27 studies, using multicompartment adherence aids (6 studies), multidrug punch cards (5 

studies), and unit-of-use packaging (4 studies; 2 without description of device), either as single or as 

an element of a composite intervention. In direct comparison (i.e., in factorial trials), effects tended to 

be larger in composite interventions, which is consistent with the reporting of prior studies 126,155. Ten 

of fifteen studies reporting clinical outcomes showed significant improvements. However, if focusing 

on those with strong methodological quality, studies with significant outcomes in adherence reduced 

to three (in geriatric 177, in chronic mental ill 178, and in cardiovascular patients 49) and studies with 

significant clinical improvements reduced to two (in diabetes mellitus type 2 191 and cardiovascular 

patients 49). At the further application of the list of additional criteria for completeness of information, 

overall only one study with reliable results and a replicable intervention remained 49. Economic and 

humanistic outcomes (as defined by Kozma et al. 174), and safety issues were either missing or 



156:  
GENERAL DISCUSSION AND CONCLUSIONS   

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

insufficiently addressed. Further, long-term, disease-unspecific, generalizable clinical outcomes like 

(re-) hospitalization rates were lacking. Clinical effects on multimorbid populations with polypharmacy 

were not evaluated. Twelve of the included studies only measured adherence, and although 

improvement in adherence is generally acknowledged to be associated with improved clinical 

outcomes, it remains widely unclear how much adherence is needed to reach significant health 

benefits for the patient 59,81. In this context, our review detected three studies, which reported a 

significant effect on adherence, but not on clinical outcomes 159,178,182. Ethical standards for adherence 

research urge that adherence is ‘a means to an end’ and should only be measured in connection with 

clinical outcomes to ensure a positive effect on patient-relevant outcomes (i.e. clinical and humanistic 

outcomes) 141. The discussed shortcomings served as a rationale for the development of a randomized 

controlled trial in a later project (PROJECT C1), on the use of a dose-dispensing aid in primary care 

patients with polypharmacy, including measures of adherence, clinical, and humanistic outcomes. 

In the next step of the thesis (B), we explored the status quo in the Swiss primary care setting. On one 

hand, we investigated how and how often community pharmacy staff counsels about adherence 

(PROJECT B1). On the other hand, we studied the integration of multidrug punch card provision in daily 

pharmacy practice and the characteristics, preferences, and experiences of current multidrug punch 

card users in primary care in PROJECT B2 and B3, which will be discussed further down.  

In PROJECT B1, we observed daily practice of counseling by the pharmacy staff in community 

pharmacies. The unique position of the community pharmacy in the healthcare chain, with its easy 

access, regular patient visits, the possibility to monitor medication refill frequency, and the 

pharmacist’s competences, predestines for counseling about adherence. Evidence on successful 

interventions in improving health outcomes and adherence delivered by community pharmacists has 

accumulated 44-50,232-235 with the conclusion that the pharmacists’ cognitive services were beneficial for 

safe and effective medication use 51,52. We found that counseling was provided to half of the patients 

obtaining any medication, and significantly more often to patients receiving medication on 

prescription, a new prescription, and if served by a pharmacist. Our observed counseling rates are in 

line with prior research, reporting limited pharmaceutical care services 218,220,236-240 and predominant 

product-centered counseling 223-225,240. Significantly more patients received explicit adherence 

counseling if served by a pharmacist compared to other staff members. However, on the whole, the 

group of patients receiving this kind of counseling represented only 6.7% of the patients obtaining any 

medication. We defined explicit adherence counseling as a direct, patient-centered and implicit 

adherence counseling as an indirect, product-centered approach. From this perspective, we suggest 

that implicit adherence counseling insufficiently addresses the problem and may at most influence 

unintentional non-adherence. In contrary, explicit adherence counseling directly addresses the 
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problem and can be supposed to facilitate the effective detection, assessment, support, and 

monitoring of intentional and unintentional non-adherence. Literature supports a considerate and 

individualized approach to engage the patients into counseling 243 244 225, which would include the more 

direct, explicit adherence counseling. 

Discordant to the low rate of observed adherence counseling, almost all pharmacists stated to counsel 

about adherence every day and named most of the topics on our predefined list of explicit adherence 

counseling. They were obviously familiar with the topics, though less frequently addressed them 

during the observed patient contacts. Further, the most frequently named topics by the pharmacists 

were implicit. Thus, our observations indicated an implementation problem of research and knowledge 

into daily practice. It seems that changes of structures and processes lagged behind the changing role 

of the pharmacist 42,244,245. Correspondingly, pharmacists named barriers to adherence counseling 

concerning structures (e.g., lack of public acknowledgement of the pharmacist’s competences) and 

procedures (e.g., time constraints). 

Revisiting the numbers of PROJECT B1, we can quantify that out of 1’476 patients receiving medications, 

99 were counseled about adherence topics and only 11 of them specifically on the adherence topic 

‘organization’, i.e. with potential sale of a dose-dispensing aid. PROJECT B2 revealed that only 51 of 

1’743 community pharmacies in Switzerland produced multidrug punch cards in 2011, predominantly 

for patients in nursing homes and only for 269 (14%) primary care patients. Active recommendation of 

multidrug punch card use to primary care patients was performed in 75% of the pharmacies with a 

rather low success rate of 31%. These pharmacies indicated that they targeted a population for the 

service, which seems adequate, namely people with polypharmacy, suspected non-adherence, 

increased age, inability for medication self-management, and at hospital discharge. The dose-

dispensing service fitted well in the community pharmacies’ daily practice with the multidrug punch 

card production being easy and cost-covering and by adding additional values to the pharmacy (e.g., 

the profiling of the pharmacy in advanced pharmaceutical care service or enhanced interdisciplinary 

cooperation). Pharmacies mostly assumed their primary care patients to be very satisfied with the use 

of multidrug punch cards and estimated a very high adherence rate of 93.3% for its users. A qualitative 

study from England also reported a positive attitude of health-care professionals towards dose-

dispensing aids, which they recommended to elderly patients with medication self-management 

problems 32. 

The 269 primary care patients detected to use multidrug punch cards represented the basic target 

group for the subsequent PROJECT B3. We combined quantitative and qualitative interviews in an 

explanatory way to investigate the acceptance, preferences, experiences, and impact on adherence of 
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current multidrug punch card use by primary care patients. We thus responded to a call from prior 

publications, to clarify the characteristics of the primary care patients benefitting most from dose-

dispensing aids and hence to facilitate targeted adherence interventions 32,152,255. We found that an 

independent primary care patient accepting the use of multidrug punch cards is over 70 years old, has 

a low education grade, is retired, lives alone, favors tidiness, rituals, and daily routines, and is unable 

or reluctant to leave home. She/he trusts the health-care professionals, is a regular customer of the 

same community pharmacy, is motivated to conduct a healthy life, and has a feeling of high necessity 

for medication. In consequence, it was not surprising that the patients of our study reported perfect 

adherence. Emerging key variables for their adherent behavior were trust in health-care professionals 

and personal experiences (i.e. either experience of an adverse health outcome in case of non-

adherence, or clinical well-being in case of adherence). Both variables have been reported before to 

be associated with adherent behavior 262,313. Our patients stated an improved adherence of +37% after 

the initiation of multidrug punch card service. In connection with their strong intent for being 

adherent, this indicates that they might have been unintentionally non-adherent prior to multidrug 

punch card use, and thus our results support the assumption that unintentionally non-adherent 

patients might represent a target population for dose-dispensing aids 62,145. The support that multidrug 

punch cards offer to such patients encompasses a reminder function, visual control of intake (i.e. 

adherence self-monitoring), and simplification of daily life. We additionally identified habits and 

routines, which have in fact long been described to be beneficial for adherence 57,255,264, to replace 

reminders because they promoted an ‘automatism’ of medication intake. 

We addressed two major issues of concern about the multidrug punch card use: difficulties with 

handling of multidrug punch cards 32,146,151 and reduction of knowledge about medication 32,152,153. Both 

were reported to constitute a risk of decreased medication safety for patients with dose-dispensing 

aids. This could not be confirmed by our study. In contrary, the patients were very satisfied with the 

handling of the multidrug punch card, highlighting the clear design, which contributed vastly to their 

feeling of medication safety. The majority of the patients did not need or want more information on 

their medication. Although medication knowledge is generally known to improve adherence 108,265-267, 

patients with dose-dispensing service seem to be exempted from this association 154, which could 

result from the minimization of potential administration errors by the packaging. 

Overall, PROJECT B3 proved that a considerable group of patients benefitted from multidrug punch card 

use, initiating our next step: to investigate the effectiveness of multidrug punch cards to improve 

clinical and humanistic outcomes through enhanced adherence. 
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PROJECT C1 was the development and pilot of a randomized controlled trial, which aimed at answering 

this question within a population of various ages and different clinical conditions. To assess the 

feasibility, efficiency, and quality of the study structures and procedures we ran an evaluation in 

parallel to the start of the pilot study. Within nine months, we were able to recruit ten patients from 

the internal medicine’s ward of a university hospital and only one patient accepted the use of a 

multidrug punch card. In the following, the results of these patients and further down the findings 

from the evaluation will be discussed. 

Overall, the patients participating in the study showed maximal adherence rates by self-report and 

medication possession ratio (MPR) through the whole study period, which is not representative for 

comparable patient groups 29,300. Of course, our small sample cannot picture the general situation. 

Other possible explanations are the occurrence of a reporting bias 252, overestimation of adherence 

due to the chosen adherence measurement method of self-report 268 and MPR 82, and higher 

adherence rates in patients participating in a study compared to real-life conditions 91. The discharge 

counseling and the active discussion of medication changes at the follow-up visits could have biased 

the outcomes by supporting adherence 301. The only primary outcome was registered in the 

intervention patient and could not be explained with non-adherence. In the control group, a 

considerable number of treatment changes occurred too, however, no major therapy adjustment. The 

low number of registered primary clinical outcomes indicates either that optimal adherence induced 

clinical stability, or that the observation period was too short. Available literature rather supports the 

first assumption 99,105,292,293, however, the small sample size limits such considerations. Quality of life 

remained relatively stable in both treatment groups. In the control group, almost all patients had had 

polypharmacy before hospital admission and a system or strategy to cope with it. They were very 

satisfied with their own medication self-management system. Feedback from one patient of the 

control group at the end of the study indicated that patients integrated fully in working life might 

represent an alternative target group for multidrug punch card use, which was also reported in a 

previous qualitative study 255. Recruiting pharmacists of PROJECT B3 provided further clues for this 

suggestion by mentioning rejection of study participation because of a busy life-style. This patient 

group was probably missed in the characterization of multidrug punch card users.  

Our intervention patient, whose results were explored in detail in PROJECT C2, was to our knowledge 

the first case of long-term adherence monitoring of polypharmacy integrated in a pharmaceutical care 

service over one year. The patient maintained perfect adherence according to all adherence measures 

and clinical stability through the whole study period. The stability in quality of life and the gain of 

confidence with medication self-management might have been the result of successful disease 

management with the support of the intervention. Similar studies performed with MEMS® devices 
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combined with feedback on electronic dosing histories 274-278 and with multidrug punch cards as 

interventions 49,159,160,176,211 showed improved adherence and clinical outcomes and let us assume 

similar results in a successfully performed randomized controlled trial with electronic multidrug punch 

cards. No harms or adverse events could be associated with the intervention. 

The evaluation showed that the study design was feasible, but lacked in quality and efficiency. The 

University Hospital Basel provided excellent infrastructure and working atmosphere and the 

Notfallapotheke Basel was a suitable place serving as study pharmacy. Collaboration with the teams 

of all locations exceeded our expectations. Additionally, patient satisfaction with the study was high. 

As opposed to the low acceptability of the multidrug punch cards, the patients much appreciated the 

discharge counseling. 

The efficiency of the pilot study was mostly flawed in the hospital phase leading to the poor recruiting 

rate. Major inadequate points were the high exclusion rate, the inadequate time management, the 

vague task assignment for the study team members, and the poor communication within the study 

team. Similar issues were pointed out as being crucial for the successful conduction of a randomized 

controlled trial 302. Both, the exclusion rate and the rejection rate were high, predominantly because 

of the characteristics and preferences of the eligible patients. The location seemed inadequate for 

recruitment of the target population of multidrug punch cards service as determined in PROJECT B3. A 

tool to assess the characteristics of patients accepting the multidrug punch cards would be helpful in 

the identification of eligible patients. Going even further, adherence could be thought of as a medical 

diagnosis, though this has been discussed controversially 314,315. Under these assumptions, it would 

make sense that patients are treated only, i.e. included only into a corresponding study, if they had an 

indication, similarly to any other clinical condition, e.g. hypertension or diabetes mellitus. Several 

authors highlighted that the inclusion of adherent patients into trials testing the effectiveness of an 

adherence-enhancing intervention might be inefficient and costly, dilute the effect of the intervention, 

and impair the patient-centered approach 62,314,316. These considerations strengthen the approach to 

specifically select non-adherent patients for such studies and require a tool with adequate sensitivity 

and specificity to differentiate between different types of (non-)adherence (e.g. intentional and 

unintentional) 314. Such tools have been developed and proposed for similar research questions 

14,314,317. The classification of interventions according to dimensions and factors of adherence (e.g., 

health system, condition-related, patient-related) could additionally facilitate the attribution of proper 

interventions for specific patterns of non-adherence. Translated to our study, the application of such 

a tool would be beneficial because intentionally non-adherent patients will not change their adherence 

behavior with the intervention of a multidrug punch card and thus diminish the intervention’s effect. 

All these thoughts congregate in the approach of tailored adherence-enhancing interventions 
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according to the patients’ needs and necessities, which have been deemed most promising 37,62,142. In 

fact, tailored adherence interventions per se should exclude adherent patients from adherence-

enhancing interventions. 

The poor quality of the study in the hospital phase resulted from the low quality of available data, 

complexity of the case report forms, and technical difficulties with the hotline. All of these 

shortcomings could be adjusted easily. For the primary care phase, the cooperation with the 

community pharmacies of the region has to be reconsidered by effective communication and by 

involving them more into the study proceedings. The induction of a potential bias by the assignment 

of a pharmacist for the follow-up assessments has to be assumed and eliminated. We used prototypes 

of the POEMS technology disclosing technical flaws, which have to be solved for a subsequent 

generation in order to yield continuous, reliable results of electronic adherence measurement. 

The evaluation of the hospital phase led to several changes, which improved time management and 

efficiency, hence the parallel conduction of the evaluation proved beneficial. Further change of study 

elements are necessary to yield an adequate recruitment rate and to improve the quality of the study 

structures and procedures. 

Major challenges during this thesis were: 

 Finding an adequate method to appropriately perform a comprehensive literature review 

 Development and validation of questionnaires for different target groups, i.e. patients and health-

care professionals 

 Motivating community pharmacists for patient recruitment 

 Performing telephone interviews with elderly patients 

 Becoming familiar with qualitative research methods and integrating them in the frame of a mixed 

methods study 

 Development, preparation, conduction, and analysis of a randomized controlled trial 

 Organization and coordination of a randomized clinical trial in a real-life setting with multiple 

locations and collaborators 

 Recruiting an adequate number of patients for a randomized controlled trial 

Limitations 
The overall limitation of this thesis was the constant low recruitment rate. In PROJECT B3, we relied on 

the cooperation of the community pharmacies, who were not always that motivated due to time 

constraints. However, the initial small number of primary care patients using multidrug punch cards 

without external help was already limiting. This results from the fact that in Switzerland multidrug 
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punch cards were originally intended for the supply of nursing homes and recommended only in the 

last few years to primary care patients. We further observed that the community pharmacists targeted 

a narrow group of primary care patients for multidrug punch card provision. This might also have an 

association with the limited adherence counseling provided, which we observed in PROJECT B1. In 

consequence, the omission of addressing adherence topics by the pharmacists could lead to a small 

rate of multidrug punch card recommendation. Further, the patient populations found at the locations 

defined for recruitment did not match our predefined inclusion and exclusion criteria in both, PROJECT 

B3 and C1. The resulting small study populations precluded comparative statistical analysis. Old 

patients have trouble to perform a telephone interview for several reasons, e.g. impaired hearing and 

reduced cognitive capacity. The duration of the qualitative interviews of 45 minutes could have been 

a barrier for younger multimorbid patients with busy life-styles, who could represent an additional 

target group for multidrug punch card provision. Further biases could be assumed to have influenced 

our results, e.g., selection bias, observation bias and Hawthrone effect 252. Our own experience and 

the feedback of the recruiting pharmacists let us assume that the patients most in need for it, decline 

corresponding interventions. 

Within PROJECT B3, we also attempted the collection of the physicians’ opinion about multidrug punch 

cards. However, the response rate to a survey was too low to analyze. Due to the slow progress of the 

pilot study in PROJECT C1, some points could not be studied sufficiently, limiting the results. However, 

identified inadequate points were altered and led to an improvement. Finally, technological 

shortcomings of the POEMS prototypes limited the results of the electronic adherence measurement. 

Steps have to be taken to augment its functionality and specificity for a next generation. However, 

despite the missing data, the electronic measurement of polypharmacy proved feasible and yielded 

valuable results for our research experience and for the intervention patient.  

Our studies are constricted to one region in Switzerland and cannot be generalized to other European 

countries, where the dispensing of dose-dispensing aids occurs more frequently, e.g. the Netherlands 

154. 

Conclusions 
This thesis adds findings on the existing evidence of dose-dispensing aids, on current practice of 

adherence counseling and multidrug punch card service in community pharmacies, on the experiences 

and preferences of multidrug punch card users in primary care, on the impact of the devices on 

adherence of multidrug punch card users, and on experiences of a pilot study with the aim of improving 

adherence and patient-relevant outcomes through electronic multidrug punch card use in primary care 

patients after hospital discharge.  
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The following conclusions could be drawn: 

 Several research gaps exist throughout the literature about dose-dispensing aids (e.g. economic 

and humanistic outcomes), which in combination with poor methodological and reporting quality 

precluded a firm conclusion about the evidence of dose-dispensing aids in improving adherence 

and economic, clinical, and humanistic outcomes. For reviews aiming at giving recommendations 

for clinical practice, the assessment of completeness of information seems inevitable. The 

identification of evidence gaps provided a rationale for future research. 

 Provision of adherence counseling in contemporary practice in Swiss community pharmacies is 

poor and delivered more frequently by pharmacists than by other staff members. Structural and 

procedural barriers hinder pharmacists to adequately deliver explicit adherence counseling (e.g. 

lack of public acknowledgement of the pharmacists’ competences, time mismanagement). 

 Multidrug punch card service by community pharmacies is limited in Switzerland, but well 

integrated in daily practice. Few primary care patients are provided with the service. Pharmacies 

estimate them to be satisfied and to benefit from improved adherence with multidrug punch card 

use. We suggest that many more primary care patients could be approached for multidrug punch 

card use. 

 A specific group of primary care patients reports to benefit from multidrug punch card use, i.e., 

patients of the age of over 70 years, low education grade, living alone, appreciation for tidiness 

and daily routines, trust in health-care professionals, fidelity to pharmacy, and motivation for a 

healthy lifestyle and medication adherence. Multidrug punch cards constitute a simplification for 

the patients’ lives, make them feel safe and promote their adherent behavior. Emerging key 

variables for accepting multidrug punch card use and for perfect medication adherence were trust 

in health-care professionals and the patient’s experiences.  

 A pilot study investigating the effect of electronic multidrug punch cards in primary care patients 

failed in recruitment of an adequate number of patients because of poor efficiency and quality of 

the study structures and procedures. A parallel evaluation enabled the detection of the key points 

for study improvement. Further changes are necessary to yield an adequate recruitment rate and 

study quality. 

 Six patients discharged from the internal medicines’ ward without any further intervention than a 

discharge counseling maintained perfect adherence, stability of clinical condition and quality of 

life over one year.  

 One patient receiving the intervention of the electronic multidrug punch card combined with 

recurrent feedback on his adherence behavior showed maintenance of perfect adherence, stability 

of clinical condition and quality of life, gain in confidence of medication self-management, and 
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satisfaction with the device. No harms could be associated with the use of electronic multidrug 

punch cards. 

 Prototypes of the POlypharmacy Electronic Monitoring System were easy to apply and well 

accepted by the intervention patient. However, drawbacks in the technology’s functionality and 

specificity weakened the quality of our results and have to be addressed in the future development 

of the device. 

Outlook 
According to the conclusions and experiences of this thesis, the recommendations for practice are: 

 In order to empower pharmacists to assume their responsibility in patient-centered counseling, 

structural and procedural barriers have to be overcome by e.g.:  

o Promotion of the pharmacist’s role by public information and advertisement 

o Consideration of new remuneration models for cognitive services for pharmacists 

o Intensification of clinical pharmacy education and training in adherence counseling 

o Reorganization of pharmacy accommodations and staffing. 

 Medication self-management and non-adherence should be addressed actively at patient 

contacts. The patient’s experiences and believes have to be included into counseling, as they can 

have a strong impact on adherence. The embedment of medication taking into daily routine should 

be attempted. Adherence counseling should respect the patient’s preferences and life-style. 

 It must be considered that adherence interventions have the goal of nothing less than a behavior 

change, which is a difficult and private matter. Accordingly, prior to recommending an adherence-

enhancing intervention, trust has to be established between the patient and the provider and the 

patient’s active involvement in decision making seems inevitable for an accepted and successful 

intervention. Fidelity to one community pharmacy should be supported, because this may lead to 

trust towards health-care professionals, which in turn leads to acceptance of interventions and 

improved adherence and medication safety. 

 Multidrug punch cards should be recommended actively to primary care patients with 

polypharmacy with regard to their capabilities, needs, and necessities. While recommending them, 

pharmacists should emphasize the advantages of facilitation of medication self-management and 

increased medication safety reached through multidrug punch card use.  

 In order to ensure continuous care, dose-dispensing service should be embedded in a 

pharmaceutical care framework, involving, e.g.: 

o Giving instruction on multidrug punch cards if necessary (anticipation of handling difficulties, 

integration into life-style, reminder strategies) 

o Detailed instruction of separate medication 
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o Inclusion of short term medication into the packaging 

o Regular medication review of the packaged medication by a pharmacist  

o Regular contact between pharmacy and patient. 

 Tailored interventions for non-adherent patients should be attempted. Steps of tailoring might 

include a. screening to assess the patient’s individual pattern of adherence; b. selection of an 

appropriate intervention out of prepared toolbox of evidence based adherence-enhancing 

interventions in consideration of the patient’s preferences and capacities; and c. monitoring of 

satisfaction, adherence and clinical outcomes.  

 We suggest that POEMS might constitute an instrument for applications in clinical practice, e.g., 

to diagnose therapy resistance, to ‘diagnose’ and characterize non-adherence, and to address 

pharmaco-vigilance questions (by allowing the timely association of drug-drug interactions and 

adverse effects). 

Our recommendations for future research encompass: 

 To identify further patient groups who accept multidrug punch cards and benefit from their use, 

e.g. younger multimorbid patients with busy life-styles. 

 To develop guidelines for the delivery of tailored adherence support, including an assessment tool, 

which enables the detection of adherence patterns. A classification system for adherence-

enhancing interventions analogue to the classification of factors for non-adherence could support 

this approach. 

 Under the assumptions that adherence is an individual behavior influenced by 771 variable, 

interrelating factors 13, it seems inappropriate to investigate mono-interventions without 

stratifying the patients’ individual factors of non-adherence. At the development of clinical trials 

investigating the effectiveness of an adherence-enhancing intervention, the exclusion of adherent 

patients should be reconsidered to enable the estimation of the real, undiluted effect of an 

intervention. 

 A subsequent randomized controlled study on the effectiveness of multidrug punch cards could be 

optimized by  

o A well-instructed, adequately sized study team 

o Sufficient communication between all collaborators 

o Integration into clinical practice (e.g. physicians assisting recruitment at the ward and 

community pharmacies assisting in delivering the intervention) 

o Availability of sufficient, functioning electronic measurement material 
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o Locations enabling the recruitment of an adequate number of the target population (e.g., a 

rehabilitation center, community pharmacies). 

 To develop studies focusing on adherence-enhancing strategies with larger, multimorbid 

populations, measuring patient-relevant outcomes, and use of standardized adherence measures 

to enable comparison and generalization. 

 



167:  
REFERENCES   

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

References 
1. Duerden M, Avery T, Payne R. Polypharmacy and medicines optimisation. 2013; 

http://www.kingsfund.org.uk/sites/files/kf/field/field_publication_file/polypharmacy-and-medicines-
optimisation-kingsfund-nov13.pdf. Accessed 13.10.2014. 

2. Ruberu RP, Fitzgerald SP. Clinical practice guidelines for chronic diseases--understanding and 
managing their contribution to polypharmacy. Clin. Geriatr. Med. 2012;28(2):187-198. 

3. Gillette C, Prunty L, Wolcott J, Broedel-Zaugg K. A new lexicon for polypharmacy: Implications for 
research, practice, and education. Res Social Adm Pharm. 2014. 

4. Bourgeois FT, Shannon MW, Valim C, Mandl KD. Adverse drug events in the outpatient setting: an 11-
year national analysis. Pharmacoepidemiol. Drug Saf. 2010;19(9):901-910. 

5. Guthrie BMCDPSCRDTBK. High risk prescribing in primary care patients particularly vulnerable to 
adverse drug events: cross sectional population database analysis in Scottish general practice. BMJ. 
2011;342. 

6. Shah BM, Hajjar ER. Polypharmacy, adverse drug reactions, and geriatric syndromes. Clin. Geriatr. 
Med. 2012;28(2):173-186. 

7. Hajjar ER, Cafiero AC, Hanlon JT. Polypharmacy in elderly patients. The American Journal of Geriatric 
Pharmacotherapy. 2007;5(4):345-351. 

8. Maher RL, Hanlon J, Hajjar ER. Clinical consequences of polypharmacy in elderly. Expert Opinion on 
Drug Safety. 2013;13(1):57-65. 

9. Al Hamid A, Ghaleb M, Aljadhey H, Aslanpour Z. A systematic review of hospitalization resulting from 
medicine-related problems in adult patients. Br. J. Clin. Pharmacol. 2014;78(2):202-217. 

10. Davies EC, Green CF, Taylor S, Williamson PR, Mottram DR, Pirmohamed M. Adverse drug reactions in 
hospital in-patients: A prospective analysis of 3695 patient-episodes. PLoS ONE. 2009;4(2):e4439. 

11. Koper D, Kamenski G, Flamm M, Bohmdorfer B, Sonnichsen A. Frequency of medication errors in 
primary care patients with polypharmacy. Fam. Pract. 2013;30(3):313-319. 

12. Leendertse AJ, Egberts AC, Stoker LJ, van den Bemt PM. Frequency of and risk factors for preventable 
medication-related hospital admissions in the Netherlands. Arch. Intern. Med. 2008;168(17):1890-
1896. 

13. Kardas P, Lewek P, Matyjaszczyk M. Determinants of patient adherence: a review of systematic 
reviews. Front Pharmacol. 2013;4:91. 

14. Marcum ZA, Gellad WF. Medication adherence to multidrug regimens. Clin. Geriatr. Med. 
2012;28(2):287-300. 

15. Chiu YW, Teitelbaum I, Misra M, de Leon EM, Adzize T, Mehrotra R. Pill burden, adherence, 
hyperphosphatemia, and quality of life in maintenance dialysis patients. Clin J Am Soc Nephrol. 
2009;4(6):1089-1096. 

16. Al Hamid A, Ghaleb M, Aljadhey H, Aslanpour Z. A systematic review of qualitative research on the 
contributory factors leading to medicine-related problems from the perspectives of adult patients with 
cardiovascular diseases and diabetes mellitus. BMJ Open. 2014;4(9):e005992. 

17. Krska J, Morecroft CW, Rowe PH, Poole H. Measuring the impact of long-term medicines use from the 
patient perspective. Int J Clin Pharm. 2014;36(4):675-678. 

18. Bundesamt für Statistik. Statistik Schweiz. 2014; http://www.bfs.admin.ch/bfs/portal/de/index.html. 
Accessed 13.10.2014. 

19. Rizza A, Kaplan V, Senn O, et al. Age- and gender-related prevalence of multimorbidity in primary care: 
the swiss fire project. BMC Family Practice. 2012;13(1):113. 

20. Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, Guthrie B. Epidemiology of multimorbidity and 
implications for health care, research, and medical education: a cross-sectional study. The Lancet. 
2012;380(9836):37-43. 

21. Avery AA, Barber N, Ghaleb M, et al. Investigating the prevalence and causes of prescribing errors in 
general practice: the PRACtICe Study2012. 

22. Hovstadius B, Hovstadius K, Astrand B, Petersson G. Increasing polypharmacy - an individual-based 
study of the Swedish population 2005-2008. BMC Clin Pharmacol. 2010;10:16. 

23. Gallagher P, Lang P, Cherubini A, et al. Prevalence of potentially inappropriate prescribing in an acutely 
ill population of older patients admitted to six European hospitals. Eur. J. Clin. Pharmacol. 
2011;67(11):1175-1188. 

http://www.kingsfund.org.uk/sites/files/kf/field/field_publication_file/polypharmacy-and-medicines-optimisation-kingsfund-nov13.pdf
http://www.kingsfund.org.uk/sites/files/kf/field/field_publication_file/polypharmacy-and-medicines-optimisation-kingsfund-nov13.pdf
http://www.bfs.admin.ch/bfs/portal/de/index.html


168:  
REFERENCES   

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

24. Blozik E, Rapold R, von Overbeck J, Reich O. Polypharmacy and potentially inappropriate medication in 
the adult, community-dwelling population in Switzerland. Drugs Aging. 2013;30(7):561-568. 

25. Holt S, Schmiedl S, Thürmann PA. Potentially inappropriate medication in the elderly - PRISCUS list. 
Dtsch Arztebl Int. 2010;107:543-551. 

26. The American Geriatrics Society Beers Criteria Update Expert Panel. American Geriatrics Society 
updated Beers Criteria for potentially inappropriate medication use in older adults. J. Am. Geriatr. Soc. 
2012;60(4):616-631. 

27. Betteridge TM, Frampton CM, Jardine DL. Polypharmacy--we make it worse! A cross-sectional study 
from an acute admissions unit. Intern Med J. 2012;42(2):208-211. 

28. Corsonello A, Pedone C, Corica F, Incalzi RA. Polypharmacy in elderly patients at discharge from the 
acute care hospital. Ther Clin Risk Manag. 2007;3(1):197-203. 

29. Pasina L, Brucato AL, Falcone C, et al. Medication non-adherence among elderly patients newly 
discharged and receiving polypharmacy. Drugs Aging. 2014;31(4):283-289. 

30. Busato A, von Below G. The implementation of DRG-based hospital reimbursement in Switzerland: A 
population-based perspective. Health Res Policy Syst. 2010;8:31. 

31. Maddigan SL, Farris KB, Keating N, Wiens CA, Johnson JA. Predictors of older adults' capacity for 
medication management in a self-medication program: a retrospective chart review. J. Aging Health. 
2003;15(2):332-352. 

32. Nunney J, Raynor DK, Knapp P, Closs SJ. How do the attitudes and beliefs of older people and 
healthcare professionals impact on the use of multi-compartment compliance aids?: a qualitative 
study using grounded theory. Drugs Aging. 2011;28(5):403-414. 

33. Horne R. Compliance, adherence, and concordance: implications for asthma treatment. Chest. 
2006;130(1_suppl):65S-72S. 

34. Beckman AGK, Parker MG, Thorslund M. Can elderly people take their medicine? Patient Edus Couns. 
2005;59(2):186-191. 

35. Schoberberger R, Klik K, Korab T, Kunze M. [The influence of drug packaging on the drug-taking 
compliance of older patients living on their own]. Wien. Med. Wochenschr. 2007;157(11-12):271-278. 

36. Patterson Susan M, Cadogan Cathal A, Kerse N, et al. Interventions to improve the appropriate use of 
polypharmacy for older people. Cochrane Database Syst. Rev. 2014(10). 
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD008165.pub3/abstract 

37. World Health Organisation. Adherence to long-term therapies - Evidence for action. WHO Library 
Cataloguing-in-Publication Data 2003; 
http://www.who.int/chp/knowledge/publications/adherence_full_report.pdf. Accessed 02.02.2015. 

38. Cipolle RJ, Strand LM, Morley P. Pharmaceutical Care Practice - The patient centered approach to 
medication management. 3 ed. Minneapolis, MN, USA: McGraw-Hill Companies, Inc.; 2012. 

39. Allemann S, Mil JWF, Botermann L, Berger K, Griese N, Hersberger K. Pharmaceutical Care: the PCNE 
definition 2013. Int J Clin Pharm. 2014;36(3):544-555. 

40. Hepler CD, Strand LM. Opportunities and responsibilities in pharmaceutical care. Am. J. Hosp. Pharm. 
1990;47(3):533-543. 

41. Hersberger KE, Arnet I. Pharmaceutical care -  A new discipline in the curriculum: Introducing 
pharmacy students to medication non-compliance. CHIMIA International Journal for Chemistry. 
2006;60(1-2):76-79. 

42. World Health Organisation, Fédération Internationale Pharmaceutique. Joint FIP/WHO guidelines on 
good pharmacy practice: standards for quality of pharmacy services. 2011; 
http://www.fip.org/www/uploads/database_file.php?id=331&table_id=. Accessed 02.02.2015. 

43. Fédération Internationale Pharmaceutique. FIP statement of professional standards - The role of the 
pharmacist in encouranging adherence to long term treatments. 2003; 
http://www.fip.org/files/fip/Statements/AdherenceEN_New_Format.pdf. Accessed 02.02.2015. 

44. Obreli-Neto PR, Guidoni CM, de Oliveira Baldoni A, et al. Effect of a 36-month pharmaceutical care 
program on pharmacotherapy adherence in elderly diabetic and hypertensive patients. Int J Clin 
Pharm. 2011;33(4):642-649. 

45. Rubio-Valera M, Serrano-Blanco A, Magdalena-Belio J, et al. Effectiveness of pharmacist care in the 
improvement of adherence to antidepressants: a systematic review and meta-analysis. Ann. 
Pharmacother. 2011;45(1):39-48. 

http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD008165.pub3/abstract
http://www.who.int/chp/knowledge/publications/adherence_full_report.pdf
http://www.fip.org/www/uploads/database_file.php?id=331&table_id=
http://www.fip.org/files/fip/Statements/AdherenceEN_New_Format.pdf


169:  
REFERENCES   

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

46. van Boven JF, Stuurman-Bieze AG, Hiddink EG, Postma MJ, Vegter S. Medication monitoring and 
optimization: a targeted pharmacist program for effective and cost-effective improvement of chronic 
therapy adherence. J Manag Care Pharm. 2014;20(8):786-792. 

47. Pringle JL, Boyer A, Conklin MH, McCullough JW, Aldridge A. The pennsylvania project: pharmacist 
intervention improved medication adherence and reduced health care costs. Health Aff. (Millwood). 
2014;33(8):1444-1452. 

48. 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(1):53-62. 

49. Lee JK, Grace KA, Taylor AJ. Effect of a pharmacy care program on medication adherence and 
persistence, blood pressure, and low-density lipoprotein cholesterol: A randomized controlled trial. 
JAMA. 2006;296(21):2563-2571. 

50. van Dalem J, Krass I, Aslani P. Interventions promoting adherence to cardiovascular medicines. Int J 
Clin Pharm. 2012;34(2):295-311. 

51. Nkansah N, Mostovetsky O, Yu C, et al. Effect of outpatient pharmacists' non-dispensing roles on 
patient outcomes and prescribing patterns. Cochrane Database Syst Rev. 2010(7):CD000336. 

52. Ryan R, Santesso N, Lowe D, et al. Interventions to improve safe and effective medicines use by 
consumers: an overview of systematic reviews. Cochrane Database Syst. Rev. 2014(4). 
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD007768.pub3/abstract. 

53. Horne R, Weinman J. Patients' beliefs about prescribed medicines and their role in adherence to 
treatment in chronic physical illness. J. Psychosom. Res. 1999;47(6):555-567. 

54. Ajzen I. From intentions to actions: A theory of planned behavior. In: J. Kuhl & J. Beckman, ed. Action-
control: From cognition to behavior. Heidelberg: Springer; 1985:11-39. 

55. Prochaska JO, DiClemente CC. Stages and processes of self-change of smoking: toward an integrative 
model of change. J. Consult. Clin. Psychol. 1983;51(3):390-395. 

56. Triandis HC. Values, attitudes and interpersonal behavior. In: H. E. Howe & M. M. Page, ed. Nebraska 
symposium on motivation, 1979. Vol 27. Lincoln, NE: University of Nebraska Press; 1980:195-260. 

57. Reach G. Role of habit in adherence to medical treatment. Diabet. Med. 2005;22(4):415-420. 
58. Alison Phillips L, Leventhal H, Leventhal EA. Assessing theoretical predictors of long-term medication 

adherence: Patients’ treatment-related beliefs, experiential feedback and habit development. 
Psychology & Health. 2013;28(10):1135-1151. 

59. Blaschke TF, Osterberg L, Vrijens B, Urquhart J. Adherence to medications: insights arising from studies 
on the unreliable link between prescribed and actual drug dosing histories. Annu. Rev. Pharmacol. 
Toxicol. 2012;52:275-301. 

60. Vrijens B, De Geest S, Hughes DA, et al. A new taxonomy for describing and defining adherence to 
medications. Br. J. Clin. Pharmacol. 2012;73(5):691-705. 

61. Cramer JA, Roy A, Burrell A, et al. Medication compliance and persistence: Terminology and 
definitions. Value in Health. 2008;11(1):44-47. 

62. Hugtenburg JG, Timmers L, Elders PJ, Vervloet M, van Dijk L. Definitions, variants, and causes of 
nonadherence with medication: a challenge for tailored interventions. Patient Prefer. Adherence. 
2013;7:675-682. 

63. Horne R, Weinman J, Barber N, et al. Concordance, adherence and compliance in medicine taking2005. 
64. Solomon M, Majumdar S. Primary non-adherence of medications: Lifting the veil on prescription-filling 

behaviors. J. Gen. Intern. Med. 2010;25(4):280-281. 
65. Osterberg L, Blaschke T. Adherence to medication. N. Engl. J. Med. 2005;353(5):487-497. 
66. Lehmann A, Aslani P, Ahmed R, et al. Assessing medication adherence: options to consider. Int J Clin 

Pharm. 2014;36(1):55-69. 
67. Morisky DE, Ang A, Krousel-Wood M, Ward HJ. Predictive validity of a medication adherence measure 

in an outpatient setting. J Clin Hypertens (Greenwich). 2008;10(5):348-354. 
68. McHorney CA, Victor Spain C, Alexander CM, Simmons J. Validity of the adherence estimator in the 

prediction of 9-month persistence with medications prescribed for chronic diseases: A prospective 
analysis of data from pharmacy claims. Clin. Ther. 2009;31(11):2584-2607. 

69. Kass MA, Meltzer DW, Gordon M. A miniature compliance monitor for eyedrop medication. Arch. 
Ophthalmol. 1984;102(10):1550-1554. 

70. van Onzenoort HA, Verberk WJ, Kessels AG, et al. Assessing medication adherence simultaneously by 
electronic monitoring and pill count in patients with mild-to-moderate hypertension. Am. J. Hypertens. 
2010;23(2):149-154. 

http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD007768.pub3/abstract


170:  
REFERENCES   

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

71. Haberer JE, Robbins GK, Ybarra M, et al. Real-time electronic adherence monitoring is feasible, 
comparable to unannounced pill counts, and acceptable. AIDS Behav. 2012;16(2):375-382. 

72. Jekle C, Krämer I. Randomized controlled trial comparing compliance-monitoring with electonic 
OtCM(TM)-blister packages and MEMS®. DPhG-Jahrestagung. Brauschweig, Germany: Poster; 2010. 

73. MEMSCap™ Medication Event Monitoring System. 2014; 
http://www.mwvaardex.com/Products/DataCollection/MEMSCap/index.htm. Accessed 01.11.2014. 

74. Walter PN. Drug resistance with monitored adherence [PhD Thesis]. Basel: Department of 
Pharmaceutical Sciences, University of Basel; 2013. 

75. Walter P, Arnet I, Romanens M, Tsakiris DA, Hersberger KE. Pattern of timing adherence could guide 
recommendations for personalized intake schedules. Journal of Personalized Medicine. 2012. 

76. Arnet I, Walter PN, Hersberger KE. Polymedication Electronic Monitoring System (POEMS) - a new 
technology for measuring adherence. Front Pharmacol. 2013;4:26. 

77. Hersberger KE, Boeni F, Arnet I. Dose-dispensing service as an intervention to improve adherence to 
polymedication. Expert Rev. Clin. Pharmacol. 2013;6(4):413-421. 

78. Karve S, Cleves MA, Helm M, Hudson TJ, West DS, Martin BC. Good and poor adherence: optimal cut-
point for adherence measures using administrative claims data. Curr. Med. Res. Opin. 
2009;25(9):2303-2310. 

79. Watanabe JH, Bounthavong M, Chen T. Revisiting the medication possession ratio threshold for 
adherence in lipid management. Curr. Med. Res. Opin. 2013;29(3):175-180. 

80. Paterson DL, Swindells S, Mohr J, et al. Adherence to protease inhibitor therapy and outcomes in 
patients with HIV infection. Ann. Intern. Med. 2000;133(1):21-30. 

81. Osterberg LG, Urquhart J, Blaschke TF. Understanding forgiveness: minding and mining the gaps 
between pharmacokinetics and therapeutics. Clin. Pharmacol. Ther. 2010;88(4):457-459. 

82. Arnet I, Abraham I, Messerli M, Hersberger KE. A method for calculating adherence to polypharmacy 
from dispensing data records. Int J Clin Pharm. 2014;36(1):192-201. 

83. Hughes DA, Bagust A, Haycox A, Walley T. The impact of non-compliance on the cost-effectiveness of 
pharmaceuticals: a review of the literature. Health Econ. 2001;10(7):601-615. 

84. Camp Y, Rompaey B, Elseviers M. Nurse-led interventions to enhance adherence to chronic 
medication: systematic review and meta-analysis of randomised controlled trials. Eur. J. Clin. 
Pharmacol. 2012:1-10. 

85. Williams A, Manias E, Walker R. Interventions to improve medication adherence in people with 
multiple chronic conditions: a systematic review. J. Adv. Nurs. 2008;63(2):132-143. 

86. Tamblyn R, Eguale T, Huang A, Winslade N, Doran P. The incidence and determinants of primary 
nonadherence with prescribed medication in primary care: a cohort study. Ann. Intern. Med. 
2014;160(7):441-450. 

87. Yeaw J, Benner JS, Walt JG, Sian S, Smith DB. Comparing adherence and persistence across 6 chronic 
medication classes. J Manag Care Pharm. 2009;15(9):728-740. 

88. Vrijens B, Vincze G, Kristanto P, Urquhart J, Burnier M. Adherence to prescribed antihypertensive drug 
treatments: longitudinal study of electronically compiled dosing histories. BMJ. 2008;336(7653):1114-
1117. 

89. Coleman CI, Limone B, Sobieraj DM, et al. Dosing frequency and medication adherence in chronic 
disease. J Manag Care Pharm. 2012;18(7):527-539. 

90. DiMatteo MR. Variations in patients' adherence to medical recommendations: a quantitative review of 
50 years of research. Med. Care. 2004;42(3):200-209. 

91. van Onzenoort HA, Menger FE, Neef C, et al. Participation in a clinical trial enhances adherence and 
persistence to treatment: a retrospective cohort study. Hypertension. 2011;58(4):573-578. 

92. Descamps D, Flandre P, Calvez V, et al. Mechanisms of virologic failure in previously untreated hiv-
infected patients from a trial of induction-maintenance therapy. JAMA. 2000;283(2):205-211. 

93. Kaiser RM, Schmader KE, Pieper CF, Lindblad CI, Ruby CM, Hanlon JT. Therapeutic failure-related 
hospitalisations in the frail elderly. Drugs Aging. 2006;23(7):579-586. 

94. Vlaminck H, Maes B, Evers G, et al. Prospective study on late consequences of subclinical non-
compliance with immunosuppressive therapy in renal transplant patients. American Journal of 
Transplantation. 2004;4(9):1509-1513. 

95. Pittman DG, Fenton C, Chen W, Haffner S, Pendergrass M. Relation of statin nonadherence and 
treatment intensification. The American Journal of Cardiology. 2012;110(10):1459-1463. 

http://www.mwvaardex.com/Products/DataCollection/MEMSCap/index.htm


171:  
REFERENCES   

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

96. Wang H, Zhou J, He G, et al. Consistent ART adherence is associated with improved quality of Life, CD4 
counts, and reduced hospital costs in central China. AIDS Res. Hum. Retroviruses. 2009;25(8):757-763. 

97. Wood E, Hogg RS, Yip B, Harrigan PR, O'Shaughnessy MV, Montaner JS. Effect of medication 
adherence on survival of HIV-infected adults who start highly active antiretroviral therapy when the 
CD4+ cell count is 0.200 to 0.350 x 10(9) cells/L. Ann. Intern. Med. 2003;139(10):810-816. 

98. Herttua K, Tabak AG, Martikainen P, Vahtera J, Kivimaki M. Adherence to antihypertensive therapy 
prior to the first presentation of stroke in hypertensive adults: population-based study. Eur. Heart J. 
2013;34(38):2933-2939. 

99. Dragomir A, Cote R, Roy L, et al. Impact of adherence to antihypertensive agents on clinical outcomes 
and hospitalization costs. Med. Care. 2010;48(5):418-425. 

100. Shin S, Jang S, Lee TJ, Kim H. Association between non-adherence to statin and hospitalization for 
cardiovascular disease and all-cause mortality in a national cohort. Int. J. Clin. Pharmacol. Ther. 2014. 

101. Shin S, Song H, Oh S-K, Choi KE, Kim H, Jang S. Effect of antihypertensive medication adherence on 
hospitalization for cardiovascular disease and mortality in hypertensive patients. Hypertens. Res. 
2013;36(11):1000-1005. 

102. Degli Esposti L, Saragoni S, Batacchi P, et al. Adherence to statin treatment and health outcomes in an 
italian cohort of newly treated patients: Results from an administrative database analysis. Clin. Ther. 
2012;34(1):190-199. 

103. Ho PM, Magid DJ, Shetterly SM, et al. Medication nonadherence is associated with a broad range of 
adverse outcomes in patients with coronary artery disease. Am. Heart J. 2008;155(4):772-779. 

104. Rasmussen JN, Chong A, Alter DA. Relationship between adherence to evidence-based 
pharmacotherapy and long-term mortality after acute myocardial infarction. JAMA. 2007;297(2):177-
186. 

105. Ho PM, Rumsfeld JS, Masoudi FA, et al. Effect of medication nonadherence on hospitalization and 
mortality among patients with diabetes mellitus. Arch. Intern. Med. 2006;166(17):1836-1841. 

106. GINA Project.  http://www.ginasthma.com. Accessed 02.11.2014. 
107. Gurwitz JH, Field TS, Harrold LR, et al. Incidence and preventability of adverse drug events among 

older persons in the ambulatory setting. JAMA. 2003;289(9):1107-1116. 
108. Field TS, Mazor KM, Briesacher B, DeBellis KR, Gurwitz JH. Adverse drug events resulting from patient 

errors in older adults. J. Am. Geriatr. Soc. 2007;55(2):271-276. 
109. Beijer HJ, de Blaey CJ. Hospitalisations caused by adverse drug reactions (ADR): a meta-analysis of 

observational studies. Pharm. World Sci. 2002;24(2):46-54. 
110. Hovinga CA, Asato MR, Manjunath R, et al. Association of non-adherence to antiepileptic drugs and 

seizures, quality of life, and productivity: Survey of patients with epilepsy and physicians. Epilepsy & 
Behavior.13(2):316-322. 

111. Campos LN, Cesar CC, Guimaraes MD. Quality of life among HIV-infected patients in Brazil after 
initiation of treatment. Clinics (Sao Paulo). 2009;64(9):867-875. 

112. Mannheimer SB, Matts J, Telzak E, et al. Quality of life in HIV-infected individuals receiving 
antiretroviral therapy is related to adherence. AIDS Care. 2005;17(1):10-22. 

113. Khdour MR, Kidney JC, Smyth BM, McElnay JC. Clinical pharmacy-led disease and medicine 
management programme for patients with COPD. Br. J. Clin. Pharmacol. 2009;68(4):588-598. 

114. Ágh T, Dömötör P, Bártfai Z, Inotai A, Fujsz E, Mészáros Á. Relationship between medication adherence 
and health-related quality of life in subjects with COPD: A systematic review. Respir. Care. 2014. 

115. Pollack MF, Purayidathil FW, Bolge SC, Williams SA. Patient-reported tolerability issues with oral 
antidiabetic agents: Associations with adherence; treatment satisfaction and health-related quality of 
life. Diabetes Res. Clin. Pract. 2010;87(2):204-210. 

116. Task Force for Compliance. Noncompliance with medications: an economic tragedy with important 
implications for helath care reform. 1993; 
http://www.npcnow.org/system/files/research/download/Noncompliance-with-Medications-An-
Economic-Tragedy-with-Important-Implications-for-Health-Care-Reform-1994.pdf. Accessed 
16.10.2014. 

117. IMS Institute for Healthcare Informatics. Advancing the responsible use of medicines: applying levers 
for change. 2012; 
http://www.imshealth.com/portal/site/imshealth/menuitem.762a961826aad98f53c753c71ad8c22a/?
vgnextoid=faf9ee0a8e631410VgnVCM10000076192ca2RCRD&vgnextchannel=736de5fda6370410Vgn
VCM10000076192ca2RCRD&vgnextfmt=default. Accessed 16.10.2014. 

http://www.ginasthma.com/
http://www.npcnow.org/system/files/research/download/Noncompliance-with-Medications-An-Economic-Tragedy-with-Important-Implications-for-Health-Care-Reform-1994.pdf
http://www.npcnow.org/system/files/research/download/Noncompliance-with-Medications-An-Economic-Tragedy-with-Important-Implications-for-Health-Care-Reform-1994.pdf
http://www.imshealth.com/portal/site/imshealth/menuitem.762a961826aad98f53c753c71ad8c22a/?vgnextoid=faf9ee0a8e631410VgnVCM10000076192ca2RCRD&vgnextchannel=736de5fda6370410VgnVCM10000076192ca2RCRD&vgnextfmt=default
http://www.imshealth.com/portal/site/imshealth/menuitem.762a961826aad98f53c753c71ad8c22a/?vgnextoid=faf9ee0a8e631410VgnVCM10000076192ca2RCRD&vgnextchannel=736de5fda6370410VgnVCM10000076192ca2RCRD&vgnextfmt=default
http://www.imshealth.com/portal/site/imshealth/menuitem.762a961826aad98f53c753c71ad8c22a/?vgnextoid=faf9ee0a8e631410VgnVCM10000076192ca2RCRD&vgnextchannel=736de5fda6370410VgnVCM10000076192ca2RCRD&vgnextfmt=default


172:  
REFERENCES   

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

118. Wu J, Seiber E, Lacombe VA, Nahata MC, Balkrishnan R. Medical utilization and costs associated with 
statin adherence in Medicaid enrollees with type 2 diabetes. Ann. Pharmacother. 2011;45(3):342-349. 

119. Sokol MC, McGuigan KA, Verbrugge RR, Epstein RS. Impact of medication adherence on hospitalization 
risk and healthcare cost. Med. Care. 2005;43(6):521-530. 

120. Wilson P, Kataria N, McNeilly E. Patient and carer experience of obtaining regular prescribed 
medication for chronic disease in the English National Health Service: a qualitative study. BMC Health 
Services Research. 2013;13(1):192. 

121. Chiatti C, Bustacchini S, Furneri G, et al. The economic burden of inappropriate drug prescribing, lack 
of adherence and compliance, adverse drug events in older people: a systematic review. Drug Saf. 
2012;35 Suppl 1:73-87. 

122. Trueman P, Lowson K, Blighe A, et al. Evaluation of the scale, causes and costs of waste medicines. 
2010; 
http://discovery.ucl.ac.uk/1350234/1/Evaluation_of_NHS_Medicines_Waste__web_publication_versi
on.pdf. Accessed 30.10.2014. 

123. Mennini FS, Marcellusi A, von der Schulenburg JM, et al. Cost of poor adherence to anti-hypertensive 
therapy in five European countries. Eur J Health Econ. 2014. 

124. Schafer HH, Scheunert U. Costs of current antihypertensive therapy in Switzerland: an economic 
evaluation of 3,489 patients in primary care. Swiss Med Wkly. 2013;25(143):13854. 

125. Roebuck MC, Liberman JN, Gemmill-Toyama M, Brennan TA. Medication adherence leads to lower 
health care use and costs despite increased drug spending. Health Aff. (Millwood). 2011;30(1):91-99. 

126. Haynes RB, Ackloo E, Sahota N, McDonald HP, Yao X. Interventions for enhancing medication 
adherence. Cochrane Database Syst. Rev. 2008(2):CD000011. 

127. McDonald HP, Garg AX, Haynes RB. Interventions to enhance patient adherence to medication 
prescriptions: scientific review. JAMA. 2002;288(22):2868-2879. 

128. Lindenmeyer A, Hearnshaw H, Vermeire E, Van Royen P, Wens J, Biot Y. Interventions to improve 
adherence to medication in people with type 2 diabetes mellitus: a review of the literature on the role 
of pharmacists. J. Clin. Pharm. Ther. 2006;31(5):409-419. 

129. Omran D, Guirguis LM, Simpson SH. Systematic Review of Pharmacist Interventions to Improve 
Adherence to Oral Antidiabetic Medications in People with Type 2 Diabetes. Canadian Journal of 
Diabetes. 2012;36(5):292-299. 

130. Schroeder K, Fahey T, Ebrahim S. How can we improve adherence to blood pressure-lowering 
medication in ambulatory care?: Systematic review of randomized controlled trials. Arch. Intern. Med. 
2004;164(7):722-732. 

131. Chong WW, Aslani P, Chen TF. Effectiveness of interventions to improve antidepressant medication 
adherence: a systematic review. Int. J. Clin. Pract. 2011;65(9):954-975. 

132. Kripalani S, Yao X, Haynes RB. Interventions to Enhance Medication Adherence in Chronic Medical 
Conditions: A Systematic Review. Arch. Intern. Med. 2007;167(6):540-549. 

133. George J, Elliott RA, Stewart DC. A systematic review of interventions to improve medication taking in 
elderly patients prescribed multiple medications. Drugs Aging. 2008;25(4):307-324. 

134. Cutrona SL, Choudhry NK, Fischer MA, et al. Modes of delivery for interventions to improve 
cardiovascular medication adherence. Am. J. Manag. Care. 2010;16(12):929-942. 

135. Checchi KD, Huybrechts KF, Avorn J, Kesselheim AS. Electronic medication packaging devices and 
medication adherence: A systematic review. JAMA. 2014;312(12):1237-1247. 

136. Demonceau J, Ruppar T, Kristanto P, et al. Identification and assessment of adherence-enhancing 
interventions in studies assessing medication adherence through electronically compiled drug dosing 
histories: a systematic literature review and meta-analysis. Drugs. 2013;73(6):545-562. 

137. Petrilla AA, Benner JS, Battleman DS, Tierce JC, Hazard EH. Evidence-based interventions to improve 
patient compliance with antihypertensive and lipid-lowering medications. Int. J. Clin. Pract. 
2005;59(12):1441-1451. 

138. Chapman RH, Ferrufino CP, Kowal SL, Classi P, Roberts CS. The cost and effectiveness of adherence-
improving interventions for antihypertensive and lipid-lowering drugs*. Int. J. Clin. Pract. 
2010;64(2):169-181. 

139. Elliott RA, Barber N, Horne R. Cost-effectiveness of adherence-enhancing interventions: a quality 
assessment of the evidence. Ann. Pharmacother. 2005;39(3):508-515. 

http://discovery.ucl.ac.uk/1350234/1/Evaluation_of_NHS_Medicines_Waste__web_publication_version.pdf
http://discovery.ucl.ac.uk/1350234/1/Evaluation_of_NHS_Medicines_Waste__web_publication_version.pdf


173:  
REFERENCES   

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

140. Oberjé EM, de Kinderen RA, Evers SAA, van Woerkum CJ, de Bruin M. Cost Effectiveness of Medication 
Adherence-Enhancing Interventions: A Systematic Review of Trial-Based Economic Evaluations. 
Pharmacoeconomics. 2013;31(12):1155-1168. 

141. National Heart Lung and Blood Institute Working Group on Patient Compliance. Management of 
patient compliance in the treatment of hypertension. Report of the NHLBI Working Group. 
Hypertension. 1982;4(3):415-423. 

142. Cutler DM, Everett W. Thinking outside the pillbox — medication adherence as a priority for health 
care reform. N. Engl. J. Med. 2010;362(17):1553-1555. 

143. Bosworth HB, Granger BB, Mendys P, et al. Medication adherence: a call for action. Am. Heart J. 
2011;162(3):412-424. 

144. Conn VS, Hafdahl AR, Cooper PS, Ruppar TM, Mehr DR, Russell CL. Interventions to improve 
medication adherence among older adults: Meta-analysis of adherence outcomes among randomized 
controlled trials. Gerontologist. 2009;49(4):447-462. 

145. Cramer JA. Enhancing patient compliance in the elderly. Role of packaging aids and monitoring. Drugs 
Aging. 1998;12(1):7-15. 

146. Gould ON, Todd L, Irvine-Meek J. Adherence devices in a community sample: How are pillboxes used? 
Can. Pharm. J. 2009;142(1):28-35. 

147. Zedler BK, Kakad P, Colilla S, Murrelle L, Shah NR. Does packaging with a calendar feature improve 
adherence to self-administered medication for long-term use? A systematic review. Clin. Ther. 
2011;33(1):62-73. 

148. Rivers PH. Compliance aids--do they work? Drugs Aging. 1992;2(2):103-111. 
149. Ryan-Woolley BM, Rees JA. Initializing concordance in frail elderly patients via a medicines organizer. 

Ann. Pharmacother. 2005;39(5):834-839. 
150. Kwint HF, Faber A, Gussekloo J, Bouvy ML. Effects of medication review on drug-related problems in 

patients using automated drug-dispensing systems: a pragmatic randomized controlled study. Drugs 
Aging. 2011;28(4):305-314. 

151. MacDonald ET, MacDonald JB, Phoenix M. Improving drug compliance after hospital discharge. Br. 
Med. J. 1977;2(6087):618-621. 

152. Royal Pharmaceutical Society. Improving patient outcomes - The better use of multi-compartment 
compliance aids. 2013; http://www.rpharms.com/support-pdfs/rps-mca-july-2013.pdf. Accessed 
03.06.2014. 

153. Nunney J, Raynor DK. Mind the gap: how compliance aids increase distance between patients and 
their medicines. Int. J. Pharm. Pract. 2001;9 (suppl):R46. 

154. Kwint HF, Stolk G, Faber A, Gussekloo J, Bouvy ML. Medication adherence and knowledge of older 
patients with and without multidose drug dispensing. Age Ageing. 2013;42(5):620-626. 

155. Mahtani KR, Heneghan CJ, Glasziou PP, Perera R. Reminder packaging for improving adherence to self-
administered long-term medications. Cochrane Database Syst. Rev. 2011(9):CD005025. 

156. Connor J, Rafter N, Rodgers A. Do fixed-dose combination pills or unit-of-use packaging improve 
adherence? A systematic review. Bull. World Health Organ. 2004;82(12):935-939. 

157. Pharmis GmbH. Pharmis.  www.pharmis.ch. Accessed 03.06.2014. 
158. Swiss Pharmacist Association (pharmasuisse), Association of the Swiss health insurances (santésuisse). 

Tarifvertrag LOA IV [Labor agreement of the performance-oriented remuneration version IV, German]. 
2009; http://www.pharmasuisse.org/data/Oeffentlich/de/Themen/Tarifvertrag_LOA-IV_def_d_09-03-
6.pdf. Accessed 26.01.2015. 

159. Valenstein M, Kavanagh J, Lee T, et al. Using a pharmacy-based intervention to improve antipsychotic 
adherence among patients with serious mental illness. Schizophr. Bull. 2009;37(4):727-736. 

160. Schneider PJ, Murphy JE, Pedersen CA. Impact of medication packaging on adherence and treatment 
outcomes in older ambulatory patients. J. Am. Pharm. Assoc. (2003). 2008;48(1):58-63. 

161. Simmons D, Upjohn M, Gamble GD. Can medication packaging improve glycemic control and blood 
pressure in type 2 diabetes? Results from a randomized controlled trial. Diabetes Care. 
2000;23(2):153-156. 

162. Marcum ZA, Driessen J, Thorpe CT, Gellad WF, Donohue JM. Effect of multiple pharmacy use on 
medication adherence and drug-drug interactions in older adults with Medicare Part D. J. Am. Geriatr. 
Soc. 2014;62(2):244-252. 

163. Qualitative assessment tool for quantitative studies.  http://www.ephpp.ca/tools.html. Accessed 
24.05.2010. 

http://www.rpharms.com/support-pdfs/rps-mca-july-2013.pdf
http://www.pharmis.ch/
http://www.pharmasuisse.org/data/Oeffentlich/de/Themen/Tarifvertrag_LOA-IV_def_d_09-03-6.pdf
http://www.pharmasuisse.org/data/Oeffentlich/de/Themen/Tarifvertrag_LOA-IV_def_d_09-03-6.pdf
http://www.ephpp.ca/tools.html


174:  
REFERENCES   

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

164. Cramer JA, Rosenheck R. Compliance with medication regimens for mental and physical disorders. 
Psychiatr. Serv. 1998;49(2):196-201. 

165. Wroe AL. Intentional and unintentional nonadherence: A study of decision making. J. Behav. Med. 
2002;25(4):355-372. 

166. Cutler DM, Long G, Berndt ER, et al. The value of antihypertensive drugs: A perspective on medical 
innovation. Health Aff. (Millwood). 2007;26(1):97-110. 

167. Zed PJ, Abu-Laban RB, Balen RM, et al. Incidence, severity and preventability of medication-related 
visits to the emergency department: a prospective study. Can. Med. Assoc. J. 2008;178(12):1563-1569. 

168. Bragge P, Clavisi O, Turner T, Tavender E, Collie A, Gruen RL. The Global Evidence Mapping Initiative: 
scoping research in broad topic areas. BMC Med Res Methodol. 2011;11:92. 

169. Schmucker C, Motschall E, Antes G, Meerpohl JJ. [Methods of evidence mapping : A systematic 
review.]. Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz. 2013;56:1390-1397. 

170. Thomas BH, Ciliska D, Dobbins M, Micucci S. A process for systematically reviewing the literature: 
providing the research evidence for public health nursing interventions. Worldviews Evid. Based Nurs. 
2004;1(3):176-184. 

171. Armijo-Olivo S, Stiles CR, Hagen NA, Biondo PD, Cummings GG. Assessment of study quality for 
systematic reviews: a comparison of the Cochrane Collaboration Risk of Bias Tool and the Effective 
Public Health Practice Project Quality Assessment Tool: methodological research. J. Eval. Clin. Pract. 
2012;18(1):12-18. 

172. Boutron I, Moher D, Altman DG, Schulz KF, Ravaud P. Extending the CONSORT statement to 
randomized trials of nonpharmacologic treatment: explanation and elaboration. Ann. Intern. Med. 
2008;148(4):295-309. 

173. Higgins JP, Green S. The Cochrane Handbook for systematic reviews of interventions. 2011; Version 
5.1.0:http://handbook.cochrane.org/. Accessed 26.05.2013. 

174. Kozma CM, Reeder CE, Schulz RM. Economic, clinical, and humanistic outcomes: a planning model for 
pharmacoeconomic research. Clin. Ther. 1993;15(6):1121-1132. 

175. Nochowitz B, Shapiro NL, Nutescu EA, Cavallari LH. Effect of a warfarin adherence aid on 
anticoagulation control in an inner-city anticoagulation clinic population. Ann. Pharmacother. 
2009;43(7):1165-1172. 

176. Ware GJ, Holford NH, Davison JG, Harris RG. Unit dose calendar packaging and elderly patient 
compliance. N. Z. Med. J. 1991;104(924):495-497. 

177. Ascione FJ, Shimp LA. The effectiveness of four education strategies in the elderly. Drug Intell. Clin. 
Pharm. 1984;18(11):926-931. 

178. Azrin NH, Teichner G. Evaluation of an instructional program for improving medication compliance for 
chronically mentally ill outpatients. Behav. Res. Ther. 1998;36(9):849-861. 

179. Fairley CK, Levy R, Rayner CR, et al. Randomized trial of an adherence programme for clients with HIV. 
Int. J. STD AIDS. 2003;14(12):805-809. 

180. Lee M, Kemp JA, Canning A, Egan C, Tataronis G, Farraye FA. A randomized controlled trial of an 
enhanced patient compliance program for Helicobacter pylori therapy. Arch. Intern. Med. 
1999;159(19):2312-2316. 

181. Peterson GM, McLean S, Millingen KS. A randomised trial of strategies to improve patient compliance 
with anticonvulsant therapy. Epilepsia. 1984;25(4):412-417. 

182. Rheder TL, McCoy LK, Blackwell B, Whitehead W, Robinson A. Improving medication compliance by 
counseling and special prescription container. Am. J. Hosp. Pharm. 1980;37:378-385. 

183. Skaer TL, Sclar DA, Markowski DJ, Won JK. Effect of value-added utilities on prescription refill 
compliance and Medicaid health care expenditures--a study of patients with non-insulin-dependent 
diabetes mellitus. J. Clin. Pharm. Ther. 1993;18(4):295-299. 

184. Skaer TL, Sclar DA, Markowski DJ, Won JK. Effect of value-added utilities on prescription refill 
compliance and health care expenditures for hypertension. J. Hum. Hypertens. 1993;7(5):515-518. 

185. Solomon MZ, DeJong W. The impact of a clinic-based educational videotape on knowledge and 
treatment behavior of men with gonorrhea. Sex. Transm. Dis. 1988;15(3):127-132. 

186. Eshelman FN, Fitzloff J. Effect of packaging on patient compliance with an antihypertensive 
medication. Curr. Ther. Res. Clin. Exp. 1976;20(2):215-219. 

187. Huang H-Y, Maguire MG, Miller ER, III, Appel LJ. Impact of pill organizers and blister packs on 
adherence to pill taking in two vitamin supplementation trials. Am. J. Epidemiol. 2000;152(8):780-787. 

http://handbook.cochrane.org/


175:  
REFERENCES   

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

188. McPherson-Baker S, Malow RM, Penedo F, Jones DL, Schneiderman N, Klimas NG. Enhancing 
adherence to combination antiretroviral therapy in non-adherent HIV-positive men. AIDS Care. 
2000;12(4):399-404. 

189. Murray MD, Birt JA, Manatunga AK, Darnell JC. Medication compliance in elderly outpatients using 
twice-daily dosing and unit-of-use packaging. Ann. Pharmacother. 1993;27(5):616-621. 

190. Begg C, Cho M, Eastwood S, et al. Improving the quality of reporting of randomized controlled trials. 
The CONSORT statement. JAMA. 1996;276(8):637-639. 

191. Maier C, Mustapic D, Schuster E, Luger A, Eher R. Effect of a pocket-size tablet-dispensing device on 
glycaemic control in Type 2 diabetic patients. Diabet. Med. 2006;23(1):40-45. 

192. Miaskowski C, Dodd M, West C, et al. Randomized clinical trial of the effectiveness of a self-care 
intervention to improve cancer pain management. J. Clin. Oncol. 2004;22(9):1713-1720. 

193. Binstock ML, Franklin KL. A comparison of compliance techniques on the control of high blood 
pressure. Am. J. Hypertens. 1988;1(3 Pt 3):192S-194S. 

194. Brian Haynes R, Ann McKibbon K, Kanani R. Systematic review of randomised trials of interventions to 
assist patients to follow prescriptions for medications. The Lancet. 1996;348(9024):383-386. 

195. Winland-Brown JE, Valiante J. Effectiveness of different medication management approaches on 
elders' medication adherence. Outcomes Manag. Nurs. Pract. 2000;4(4):172-176. 

196. Henry A, Batey RG. Enhancing compliance not a prerequisite for effective eradication of Helicobacter 
pylori: the HelP Study. Am. J. Gastroenterol. 1999;94(3):811-815. 

197. Chan A-W, Altman DG. Epidemiology and reporting of randomised trials published in PubMed journals. 
The Lancet. 2005;365(9465):1159-1162. 

198. Hopewell S, Dutton S, Yu L-M, Chan A-W, Altman DG. The quality of reports of randomised trials in 
2000 and 2006: comparative study of articles indexed in PubMed. BMJ. 2010;340. 

199. Turner L, Shamseer L, Altman DG, et al. Consolidated standards of reporting trials (CONSORT) and the 
completeness of reporting of randomised controlled trials (RCTs) published in medical journals. 
Cochrane Database Syst. Rev. 2012(11):MR000030. 

200. Huwiler-Muntener K, Juni P, Junker C, Egger M. Quality of reporting of randomized trials as a measure 
of methodologic quality. JAMA. 2002;287(21):2801-2804. 

201. Glasziou P, Meats E, Heneghan C, Shepperd S. What is missing from descriptions of treatment in trials 
and reviews? BMJ. 2008;336(7659):1472-1474. 

202. Dopson S, Locock L, Chambers D, Gabbay J. Implementation of evidence-based medicine: evaluation of 
the Promoting Action on Clinical Effectiveness programme. J. Health Serv. Res. Policy. 2001;6(1):23-31. 

203. Ostrop NJ, Gill MJ. Antiretroviral medication adherence and persistence with respect to adherence 
tool usage. AIDS Patient Care STDS. 2000;14(7):351-358. 

204. Petersen Maya L, Wang Y, van der Laan Mark J, Guzman D, Riley E, Bangsberg David R. Pillbox 
organizers are associated with improved adherence to HIV antiretroviral therapy and viral 
suppression: a marginal structural model analysis. Clin. Infect. Dis. 2007;45(7):908-915. 

205. Wilson S, Delaney BC, Roalfe A, et al. Randomised controlled trials in primary care: case study. BMJ. 
2000;321(7252):24-27. 

206. Moser M. Randomized clinical trials: alternatives to conventional randomization. Am. J. Emerg. Med. 
1986;4(3):276-285. 

207. Atkin PA, Finnegan TP, Ogle SJ, Shenfield GM. Functional ability of patients to manage medication 
packaging: a survey of geriatric inpatients. Age Ageing. 1994;23(2):113-116. 

208. Levings B, Szep S, Helps S. Towards the safer use of dosettes. J. Qual. Clin. Pract. 1999;19(1):69-72. 
209. Becker LA, Glanz K, Sobel E, Mossey J, Zinn S, Andrews Knott K. A randomized trial of special packaging 

of antihyertensive medications. J. Fam. Pract. 1985;22(4):357-361. 
210. Crome P, Akehurst M, Keet J. Drug compliance in elderly hospital in-patients. Trial of the Dosett box. 

Practitioner. 1980;224(1346):782-785. 
211. Crome P, Curl B, Boswell M, Corless D, Lewis RR. Assessment of a new calendar pack--the 'C-Pak'. Age 

Ageing. 1982;11(4):275-279. 
212. Park DC, Morrell RW, Frieske D, Kincaid D. Medication adherence behaviors in older adults: effects of 

external cognitive supports. Psychol. Aging. 1992;7(2):252-256. 
213. Chisholm-Burns MA, Kim Lee J, Spivey CA, et al. US pharmacists' effect as team members on patient 

care: systematic review and meta-analyses. Med. Care. 2010;48(10):923-933. 
214. Chandra A, Malcolm N, 2nd, Fetters M. Practicing health promotion through pharmacy counseling 

activities. Health Promot Pract. 2003;4(1):64-71. 



176:  
REFERENCES   

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

215. Taitel M, Jiang J, Rudkin K, Ewing S, Duncan I. The impact of pharmacist face-to-face counseling to 
improve medication adherence among patients initiating statin therapy. Patient Prefer Adherence. 
2012;6:323-329. 

216. Clifford S, Barber N, Elliott R, Hartley E, Horne R. Patient-centred advice is effective in improving 
adherence to medicines. Pharmacy World &amp; Science. 2006;28(3):165-170. 

217. Zolnierek KB, Dimatteo MR. Physician communication and patient adherence to treatment: a meta-
analysis. Med. Care. 2009;47(8):826-834. 

218. Hughes C, Hawwa A, Scullin C, et al. Provision of pharmaceutical care by community pharmacists: a 
comparison across Europe. Pharmacy World &amp; Science. 2010;32(4):472-487. 

219. Bell HM, McElnay JC, Hughes CM. A self-reported work sampling study in community pharmacy 
practice. Pharm. World Sci. 1999;21(5):210-216. 

220. McCann L, Hughes CM, Adair CG. A self-reported work-sampling study in community pharmacy 
practice: a 2009 update. Pharm. World Sci. 2010;32(4):536-543. 

221. Schommer JC, Pedersen CA, Doucette WR, Gaither CA, Mott DA. Community pharmacists' work 
activities in the United States during 2000. J. Am. Pharm. Assoc. (Wash). 2002;42(3):399-406. 

222. Davies JE, Barber N, Taylor D. What do community pharmacists do?: results from a work sampling 
study in London. Int J Pharm Pract. 2014;22(5):309-318. 

223. Hassell K, Noyce P, Rogers A, Harris J, Wilkinson J. Advice provided in British community pharmacies: 
what people want and what they get. J. Health Serv. Res. Policy. 1998;3(4):219-225. 

224. Chong WW, Aslani P, Chen TF. Pharmacist-patient communication on use of antidepressants: a 
simulated patient study in community pharmacy. Res Social Adm Pharm. 2014;10(2):419-437. 

225. Sleath B. Pharmacist-patient relationships: authoritarian, participatory, or default? Patient Educ. 
Couns. 1996;28(3):253-263. 

226. Tarifvertrag LOA IV. In: Schweizer Apothekerverband pharmasuisse DSKs, ed2010. 
227. Guignard E, Bugnon O. Pharmaceutical care in community pharmacies: practice and research in 

Switzerland. Ann. Pharmacother. 2006;40(3):512-517. 
228. Eichenberger P, Lampert M, Kahmann I, van Mil JWF, Hersberger K. Classification of drug-related 

problems with new prescriptions using a modified PCNE classification system. Pharm. World Sci. 
2010;32(3):362-372. 

229. Mengiardi S, Tsakiris D, Molnar V, et al. Impact of pharmaceutical care on self-administration of 
outpatient low-molecular-weight heparin therapy. Pharmacology & Pharmacy. 2014;5(4):372-385. 

230. Haynes RB, McDonald HP, Garg AX. Helping patients follow prescribed treatment: clinical applications. 
JAMA. 2002;288(22):2880-2883. 

231. Puspitasari HP, Aslani P, Krass I. Pharmacists' and consumers' viewpoints on counselling on 
prescription medicines in Australian community pharmacies. Int J Pharm Pract. 2010;18(4):202-208. 

232. Clifford RM, Davis WA, Batty KT, Davis TM. Effect of a pharmaceutical care program on vascular risk 
factors in type 2 diabetes: the Fremantle Diabetes Study. Diabetes Care. 2005;28(4):771-776. 

233. Paulos CP, Nygren CE, Celedon C, Carcamo CA. Impact of a pharmaceutical care program in a 
community pharmacy on patients with dyslipidemia. Ann. Pharmacother. 2005;39(5):939-943. 

234. Hohmann C, Klotz JM, Radziwill R, Jacobs AH, Kissel T. Pharmaceutical care for patients with ischemic 
stroke: improving the patients quality of life. Pharm. World Sci. 2009;31(5):550-558. 

235. Roughead EE, Semple SJ, Vitry AI. Pharmaceutical care services: a systematic review of published 
studies, 1990 to 2003, examining effectiveness in improving patient outcomes. International Journal of 
Pharmacy Practice. 2005;13(1):53-70. 

236. Kimberlin CL, Jamison AN, Linden S, Winterstein AG. Patient counseling practices in U.S. pharmacies: 
effects of having pharmacists hand the medication to the patient and state regulations on pharmacist 
counseling. J Am Pharm Assoc (2003). 2011;51(4):527-534. 

237. Kaae S, Mygind A, Saleem S. A characterization of the current communication patterns in Danish 
community pharmacies - an observational study. Res Social Adm Pharm. 2013;9(6):958-964. 

238. Olsson E, Ingman P, Ahmed B, Kalvemark Sporrong S. Pharmacist-patient communication in Swedish 
community pharmacies. Res Social Adm Pharm. 2014;10(1):149-155. 

239. Schommer JC, Sullivan DL, Wiederholt JB. Comparison of methods used for estimating pharmacist 
counseling behaviors. J. Pharm. Technol. 1994;10(6):261-268. 

240. Puspitasari HP, Aslani P, Krass I. A review of counseling practices on prescription medicines in 
community pharmacies. Res Social Adm Pharm. 2009;5(3):197-210. 



177:  
REFERENCES   

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

241. Mangan MN, Powers MF, Lengel AJ. Student pharmacists' perceptions of barriers to medication 
adherence counseling. J Pharm Pract. 2013;26(4):376-381. 

242. Nicolas A, Eickhoff C, Griese N, Schulz M. Drug-related problems in prescribed medicines in Germany 
at the time of dispensing. Int J Clin Pharm. 2013;35(3):476-482. 

243. Kaae S, Traulsen JM, Norgaard LS. Challenges to counseling customers at the pharmacy counter--why 
do they exist? Res Social Adm Pharm. 2012;8(3):253-257. 

244. Shah BK, Chewning B. Concordance between observer reports and patient survey reports of 
pharmacists' communication behaviors. Res Social Adm Pharm. 2011;7(3):272-280. 

245. Renberg T, Wichman Tornqvist K, Kalvemark Sporrong S, Kettis Lindblad A, Tully MP. Pharmacy users' 
expectations of pharmacy encounters: a Q-methodological study. Health Expect. 2011;14(4):361-373. 

246. Cocohoba J, Comfort M, Kianfar H, Johnson MO. A qualitative study examining HIV antiretroviral 
adherence counseling and support in community pharmacies. J Manag Care Pharm. 2013;19(6):454-
460. 

247. Kaae S, Traulsen JM, Norgaard LS. Customer interest in and experience with various types of pharmacy 
counselling - a qualitative study. Health Expect. 2014;17(6). 

248. Salter C, Holland R, Harvey I, Henwood K. "I haven't even phoned my doctor yet." The advice giving 
role of the pharmacist during consultations for medication review with patients aged 80 or more: 
qualitative discourse analysis. BMJ. 2007;334(7603):1101. 

249. Schommer JC, Gaither CA. A segmentation analysis for pharmacists' and patients' views of 
pharmacists' roles. Res Social Adm Pharm. 2014;10(3):508-528. 

250. Schommer JC, Wiederholt JB. A field investigation of participant and environment effects on 
pharmacist-patient communication in community pharmacies. Med. Care. 1995;33(6):567-584. 

251. Schommer JC, Wiederholt JB. Pharmacists' perceptions of patients' needs for counseling. Am. J. Hosp. 
Pharm. 1994;51(4):478-485. 

252. Delgado-Rodríguez M, Llorca J. Bias. J. Epidemiol. Community Health. 2004;58(8):635-641. 
253. Heneghan CJ, Glasziou P, Perera R. Reminder packaging for improving adherence to self-administered 

long-term medications. Cochrane Database Syst Rev. 2006(1):CD005025. 
254. Van Dooren AA, Sino CGM, Van Der Meer J. How are elderly patients dealing with their multiple 

medication? A qualitative survey. Pharm. Weekbl. 2010;145(37):154-157. 
255. Lecouturier J, Cunningham B, Campbell D, Copeland R. Medication compliance aids: a qualitative study 

of users' views. Br. J. Gen. Pract. 2011;61(583):93-100. 
256. van Geffen EC, Meuwese E, Philbert D, Bouvy ML. Problems with medicine packages: experiences 

reported to a Dutch medicine reporting system. Ann. Pharmacother. 2010;44(6):1104-1109. 
257. Kongkaew C, Noyce PR, Ashcroft DM. Hospital admissions associated with adverse drug reactions: A 

systematic review of prospective observational studies. Ann. Pharmacother. 2008;42(7-8):1017-1025. 
258. Boeni F, Spinatsch E, Suter K, Hersberger KE, Arnet I. Effect of drug reminder packaging on medication 

adherence: a systematic review revealing research gaps. Syst Rev. 2014;3:29. 
259. Adams R, May H, Swift L, Bhattacharya D. Do older patients find multi-compartment medication 

devices easy to use and which are the easiest? Age Ageing. 2013;42(6):715-720. 
260. O´Cathain A, Murphy E, Nicholl J. The quality of mixed methods studies in health services research. J. 

Health Serv. Res. Policy. 2008;13(2):92-98. 
261. Pope C, Ziebland S, Mays N. Qualitative research in health care. Analysing qualitative data. BMJ. 

2000;320(7227):114-116. 
262. Doyle C, Lennox L, Bell D. A systematic review of evidence on the links between patient experience 

and clinical safety and effectiveness. BMJ Open. 2013;3(1). 
263. Dowell J, Hudson H. A qualitative study of medication-taking behaviour in primary care. Fam. Pract. 

1997;14(5):369-375. 
264. Kripalani S, Gatti ME, Jacobson TA. Association of age, health literacy, and medication management 

strategies with cardiovascular medication adherence. Patient Educ. Couns. 2010;81(2):177-181. 
265. Chan FW, Wong FY, So WY, Kung K, Wong CK. How much do elders with chronic conditions know 

about their medications? BMC Geriatr. 2013;13:59. 
266. Kim N, Talwalkar J, Holmboe E. Challenges in ambulatory resident education: medication knowledge in 

disadvantaged patients. Conn. Med. 2006;70(9):549-557. 
267. Pernod G, Labarere J, Yver J, et al. EDUC'AVK: reduction of oral anticoagulant-related adverse events 

after patient education: a prospective multicenter open randomized study. J. Gen. Intern. Med. 
2008;23(9):1441-1446. 



178:  
REFERENCES   

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

268. Zeller A, Ramseier E, Teagtmeyer A, Battegay E. Patients' self-reported adherence to cardiovascular 
medication using electronic monitors as comparators. Hypertens. Res. 2008;31(11):2037-2043. 

269. Alvarez Payero M, Martinez Lopez de Castro N, Ucha Samartin M, Martin Vila A, Vazquez Lopez C, 
Pineiro Corrales G. Medication non-adherence as a cause of hospital admissions. Farm Hosp. 
2014;38(n04):328-333. 

270. Boeni F, Braun P, Arnet I, Hersberger KE. First evaluation of Pharmis® blister packaging provided by 
pharmacies in Switzerland. Poster presentation. ESCP 40th International Symposium on Clinical 
Pharmacy. Clinical Pharmacy: Connecting Care and Outcomes. Vol 34. Dublin Ireland, 19-21 October 
2011: International Journal of Clinical Pharmacy; 2012:211. 

271. Boeni F, Hersberger KE, Arnet I. Multidrug punch cards in primary care: a mixed methods study on 
patients’ preferences and impact on adherence. Frontiers in Pharmacology. 2014;5. 

272. Hughes D. When drugs don't work: economic assessment of enhancing compliance with interventions 
supported by electronic monitoring devices. Pharmacoeconomics. 2007;25(8):621-635. 

273. Arnet I, Hersberger KE. Polymedication Electronic Monitoring System (POEMS) - Introducing a new 
technology as gold standard for compliance measurement. J Pat Comp. 2012;2(1):48-49. 

274. Russell C, Conn V, Ashbaugh C, et al. Taking immunosuppressive medications effectively (TIMELink): a 
pilot randomized controlled trial in adult kidney transplant recipients. Clin. Transplant. 
2011;25(6):864-870. 

275. Kozuki Y, Schepp KG. Visual-feedback therapy for antipsychotic medication adherence. Int. Clin. 
Psychopharmacol. 2006;21(1):57-61. 

276. Krummenacher I, Cavassini M, Bugnon O, Schneider MP. An interdisciplinary HIV-adherence program 
combining motivational interviewing and electronic antiretroviral drug monitoring. AIDS Care. 
2011;23(5):550-561. 

277. de Bruin M, Hospers HJ, van Breukelen GJ, Kok G, Koevoets WM, Prins JM. Electronic monitoring-
based counseling to enhance adherence among HIV-infected patients: a randomized controlled trial. 
Health Psychol. 2010;29(4):421-428. 

278. Rosen MI, Rigsby MO, Salahi JT, Ryan CE, Cramer JA. Electronic monitoring and counseling to improve 
medication adherence. Behav. Res. Ther. 2004;42(4):409-422. 

279.  Amtliche Sammlung des Bundesrechts, Bundesgesetz über Arzneimittel und Medizinprodukte 
(Heilmittelgesetz, HMG) SR 812212000. 

280. Guideline Good Clinical Practice  E6(R1). 1996; 
http://www.ich.org/products/guidelines/efficacy/article/efficacy-guidelines.html. Accessed 
01.02.2012. 

281. Schulz KF, Altman DG, Moher D, CONSORTGroup. CONSORT 2010 Statement: Updated Guidelines for 
Reporting Parallel Group Randomized Trials. Ann. Intern. Med. 2010. 

282. Arzneimittelinformation. [homepage on the internet].  www.swissmedicinfo.ch. Accessed 30.01.2015. 
283. Borgsteede SD, Karapinar-Carkit F, Hoffmann E, Zoer J, van den Bemt PM. Information needs about 

medication according to patients discharged from a general hospital. Patient Educ. Couns. 
2011;83(1):22-28. 

284. ICH Expert Working Group. Good Manufacturing Practice Q7. ICH Harmonised Tripartite Guideline 
2000; 
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Quality/Q7/Step4/Q7_Guid
eline.pdf. Accessed 20.11.2014. 

285. Miller WR, Rollnick S. Ten things that motivational interviewing is not. Behav Cogn Psychother. 
2009;37(2):129-140. 

286. Pharmaceutical Care Network Europe. Proposal medication review statement V2 (draft). 2012; 
http://www.pcne.org/sig/MedRev/documents/Proposal%20MedRev%20statement%20V2.pdf. 
Accessed 11.10.2014. 

287. Pharmaceutical Services Negotiating Committe. NHS Community Pharmacy services - a summary. 
2013; http://psnc.org.uk/wp-content/uploads/2013/08/CPCF-summary-July-2013.pdf. Accessed 
08.09.2014. 

288. Leape LL. Preventing adverse drug events. Am. J. Health. Syst. Pharm. 1995;52(4):379-382. 
289. QualityMetric Incorporated. The SF-12®: An even shorter health Survey.  http://www.sf-

36.org/tools/sf12.shtml#version2. Accessed 17.09.2014. 

http://www.ich.org/products/guidelines/efficacy/article/efficacy-guidelines.html
http://www.swissmedicinfo.ch/
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Quality/Q7/Step4/Q7_Guideline.pdf
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Quality/Q7/Step4/Q7_Guideline.pdf
http://www.pcne.org/sig/MedRev/documents/Proposal%20MedRev%20statement%20V2.pdf
http://psnc.org.uk/wp-content/uploads/2013/08/CPCF-summary-July-2013.pdf
http://www.sf-36.org/tools/sf12.shtml#version2
http://www.sf-36.org/tools/sf12.shtml#version2


179:  
REFERENCES   

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

290. Goldberg LR, Piette JD, Walsh MN, et al. Randomized trial of a daily electronic home monitoring 
system in patients with advanced heart failure: the Weight Monitoring in Heart Failure (WHARF) trial. 
Am. Heart J. 2003;146(4):705-712. 

291. Graf CE, Giannelli SV, Herrmann FR, et al. Identification of older patients at risk of unplanned 
readmission after discharge from the emergency department - Comparison of two screening tools. 
Swiss Med Wkly. 2012;141:w13327. 

292. Kociol RD, Lopes RD, Clare R, et al. International variation in and factors associated with hospital 
readmission after myocardial infarction. JAMA. 2012;307(1):66-74. 

293. Oberg EB, Fitzpatrick AL, Lafferty WE, Logerfo JP. Medication management among medicaid 
myocardial infarction survivors. Wash State J Public Health Pract. 2008;1(1):1-12. 

294. Glaziou P. Sample size calculation. Sample size project 2003-2005; 
http://sampsize.sourceforge.net/iface/s2.html#index. Accessed 11.11.2014. 

295. Haahr M, Haahr S. Random.org.  http://www.random.org/sequences/. Accessed 21.09.2014. 
296. M.K. TW. The Planning-Evaluation Cycle. 2006; 

http://www.socialresearchmethods.net/kb/pecycle.php. Accessed 02.02.2015. 
297. Donabedian A. The quality of care. How can it be assessed? The Journal of the American Medical 

Association. 1988;260(12):1743-1748. 
298. Donabedian A. Evaluating the Quality of Medical Care. Milbank Q. 2005;83(4):691-729. 
299. Mahoney FI, Barthel DW. Functional Evaluation: The Barthel Index. Md. State Med. J. 1965;14:61-65. 
300. Hudson M, Richard H, Pilote L. Parabolas of medication use and discontinuation after myocardial 

infarction—are we closing the treatment gap? Pharmacoepidemiol. Drug Saf. 2007;16(7):773-785. 
301. Doggrell SA. Adherence to medicines in the older-aged with chronic conditions: does intervention by 

an allied health professional help? Drugs Aging. 2010;27(3):239-254. 
302. Campbell M, Snowdon C, Francis D, Elbourne D, McDonald A. Recruitment to randomised trials: 

strategies for trial enrolment and participation study. The STEPS study. Health Technol. Assess. 
2007;11(48):126. 

303. Gellad WF, Grenard JL, Marcum ZA. A systematic review of barriers to medication adherence in the 
elderly: looking beyond cost and regimen complexity. Am J Geriatr Pharmacother. 2011;9(1):11-23. 

304. Kamimura T, Ito H. Glycemic control in a 79-year-old female with mild cognitive impairment using a 
medication reminder device: a case report. Int. Psychogeriatr. 2014;26(6):1045-1048. 

305. Hilliard ME, Ramey C, Rohan JM, Drotar D, Cortina S. Electronic monitoring feedback to promote 
adherence in an adolescent with Fanconi Anemia. Health Psychol. 2011;30(5):503-509. 

306. Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hyperglycemia in type 2 diabetes: a patient-
centered approach: position statement of the American Diabetes Association (ADA) and the European 
Association for the Study of Diabetes (EASD). Diabetes Care. 2012;35(6):1364-1379. 

307. Stratton IM, Adler AI, Neil HA, et al. Association of glycaemia with macrovascular and microvascular 
complications of type 2 diabetes (UKPDS 35): prospective observational study. BMJ. 
2000;321(7258):405-412. 

308. Vervloet M, Spreeuwenberg P, Bouvy ML, Heerdink ER, de Bakker DH, van Dijk L. Lazy sunday 
afternoons: the negative impact of interruptions in patients' daily routine on adherence to oral 
antidiabetic medication. A multilevel analysis of electronic monitoring data. Eur. J. Clin. Pharmacol. 
2013;69(8):1599-1606. 

309. Nair KV, Belletti DA, Doyle JJ, et al. Understanding barriers to medication adherence in the 
hypertensive population by evaluating responses to a telephone survey. Patient Prefer Adherence. 
2011;5:195-206. 

310. Walter PN, Tsakiris DA, Romanens M, Arnet I, Hersberger KE. Antiplatelet resistance in outpatients 
with monitored adherence. Platelets. 2013;25(7):532-538. 

311. Sutton S, Kinmonth AL, Hardeman W, et al. Does electronic monitoring influence adherence to 
medication? Randomized controlled trial of measurement reactivity. nn. Behav. Med. 2014;48(3):293-
299. 

312. Hoffmann TC, Glasziou PP, Boutron I, et al. Better reporting of interventions: template for intervention 
description and replication (TIDieR) checklist and guide. BMJ. 2014;348:g1687. 

313. Benson J, Britten N. Patients' decisions about whether or not to take antihypertensive drugs: 
qualitative study. Vol 3252002. 

314. Marcum ZA, Sevick M, Handler SM. Medication nonadherence: A diagnosable and treatable medical 
condition. JAMA. 2013;309(20):2105-2106. 

http://sampsize.sourceforge.net/iface/s2.html#index
http://www.random.org/sequences/
http://www.socialresearchmethods.net/kb/pecycle.php


180:  
REFERENCES   

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

315. Schonfeld T, Hester D. Nonadherence to medications. JAMA. 2013;310(14):1504-1505. 
316. Jeffery RA, Navarro T, Wilczynski NL, et al. Adherence measurement and patient recruitment methods 

are poor in intervention trials to improve patient adherence. J. Clin. Epidemiol. 2014;67(10):1076-
1082. 

317. Doucette WR, Farris KB, Youland KM, Newland BA, Egerton SJ, Barnes JM. Development of the Drug 
Adherence Work-up (DRAW) tool. J Am Pharm Assoc (2003). 2012;52(6):e199-204. 

 



181: 
ANNEX | Index 

 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

Annex 
 

Index 
PROJECT B1 

A1.1 ASSESSMENT OF PHARMACY CHARACTERISTICS .................................................................................. 182 
A1.2 CHECKLIST FOR RECORDING OF COUNSELING ..................................................................................... 183 
A1.3 PHARMACIST INTERVIEW ............................................................................................................... 184 
PROJECT B2 

A2.1 PHARMACY SURVEY ON MULTIDRUG PUNCH CARD PROVISION ............................................................. 185 
PROJECT B3 

A3.1 FINAL BOARD DECISION OF THE ETHIKKOMMISSION BEIDER BASEL FOR THE QUANTITATIVE PATIENT INTERVIEWS

 ......................................................................................................................................................... 194 
A3.2 FINAL BOARD DECISION OF THE KANTONALE ETHIKKOMMISSION AARGAU/SOLOTHURN FOR THE QUANTITATIVE 

PATIENT INTERVIEWS ............................................................................................................................ 195 
A3.3 QUANTITATIVE PATIENT INTERVIEW ................................................................................................ 196 
A3.4 FINAL BOARD DECISION OF THE ETHIKKOMMISSION BEIDER BASEL FOR THE QUALITATIVE PATIENT INTERVIEWS

 ......................................................................................................................................................... 203 
A3.5 TOPIC GUIDE FOR THE QUALITATIVE INTERVIEWS ............................................................................... 204 
PROJECT C1 

A4.1 FINAL BOARD DECISION OF THE ETHIKKOMMISSION BEIDER BASEL FOR THE MEDICATION BLISTER STUDY ... 206 
A4.2 CASE REPORT FORM HOSPITAL SCREENING, ASSESSMENT AND RECRUITING (CRF T-1) ............................. 207 
A4.3 EXAMPLE OF A CASE REPORT FORM FOR A FOLLOW-UP VISIT (AT THREE MONTH) .................................... 219 
A4.4 QUESTIONNAIRE ADHERENCE ......................................................................................................... 225 
A4.5 SHORT FORM 12 VERSION 2 (QUALITY OF LIFE QUESTIONNAIRE) .......................................................... 227 
A4.6 PATIENT SATISFACTION QUESTIONNAIRE .......................................................................................... 230 
A4.7 ANALYSIS OF THE BELIEVES ABOUT MEDICINES QUESTIONNAIRE (BMQ) ............................................... 234 

 

 

 



182: 
ANNEX | A1.1 Assessment of pharmacy characteristics 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

A1.1 Assessment of pharmacy characteristics 
 

  



183: 
ANNEX | A1.2 Checklist for recording of counseling 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

A1.2 Checklist for recording of counseling 
 

  



184: 
ANNEX | A1.3 Pharmacist interview 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

A1.3 Pharmacist interview 
 

  



185: 
ANNEX | A2.1 Pharmacy survey on multidrug punch card provision 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

A2.1 Pharmacy survey on multidrug punch card provision 
 

 



186: 
ANNEX | A2.1 Pharmacy survey on multidrug punch card provision 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



187: 
ANNEX | A2.1 Pharmacy survey on multidrug punch card provision 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



188: 
ANNEX | A2.1 Pharmacy survey on multidrug punch card provision 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



189: 
ANNEX | A2.1 Pharmacy survey on multidrug punch card provision 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



190: 
ANNEX | A2.1 Pharmacy survey on multidrug punch card provision 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



191: 
ANNEX | A2.1 Pharmacy survey on multidrug punch card provision 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



192: 
ANNEX | A2.1 Pharmacy survey on multidrug punch card provision 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



193: 
ANNEX | A2.1 Pharmacy survey on multidrug punch card provision 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

  



194: 

ANNEX | A3.1 Final board decision of the Ethikkommission beider Basel 

for the quantitative patient interviews 
 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

A3.1 Final board decision of the Ethikkommission beider Basel for the quantitative 

patient interviews 
 

 

  



195: 

ANNEX | A3.2 Final board decision of the Kantonale Ethikkommission 

Aargau/Solothurn for the quantitative patient interviews 
 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

A3.2 Final board decision of the Kantonale Ethikkommission Aargau/Solothurn for the 

quantitative patient interviews 
 

  



196: 
ANNEX | A3.3 Quantitative patient interview 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

A3.3 Quantitative patient interview 
 

 



197: 
ANNEX | A3.3 Quantitative patient interview 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



198: 
ANNEX | A3.3 Quantitative patient interview 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



199: 
ANNEX | A3.3 Quantitative patient interview 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



200: 
ANNEX | A3.3 Quantitative patient interview 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



201: 
ANNEX | A3.3 Quantitative patient interview 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



202: 
ANNEX | A3.3 Quantitative patient interview 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

  



203: 

ANNEX | A3.4 Final board decision of the Ethikkommission Beider Basel 

for the qualitative patient interviews 
 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

A3.4 Final board decision of the Ethikkommission Beider Basel for the qualitative 

patient interviews 
 

 

  



204: 
ANNEX | A3.5 Topic guide for the qualitative interviews 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

A3.5 Topic guide for the qualitative interviews 
 

 



205: 
ANNEX | A3.5 Topic guide for the qualitative interviews 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

  



206: 

ANNEX | A4.1 Final board decision of the Ethikkommission Beider Basel 

for the Medication Blister Study 
 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

A4.1 Final board decision of the Ethikkommission Beider Basel for the Medication 

Blister Study 
 

 

  



207: 

ANNEX | A4.2 Case report form hospital screening, assessment and 

recruiting (CRF T-1) 
 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

A4.2 Case report form hospital screening, assessment and recruiting (CRF T-1) 
 

 



208: 

ANNEX | A4.2 Case report form hospital screening, assessment and 

recruiting (CRF T-1) 
 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



209: 

ANNEX | A4.2 Case report form hospital screening, assessment and 

recruiting (CRF T-1) 
 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



210: 

ANNEX | A4.2 Case report form hospital screening, assessment and 

recruiting (CRF T-1) 
 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



211: 

ANNEX | A4.2 Case report form hospital screening, assessment and 

recruiting (CRF T-1) 
 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



212: 

ANNEX | A4.2 Case report form hospital screening, assessment and 

recruiting (CRF T-1) 
 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



213: 

ANNEX | A4.2 Case report form hospital screening, assessment and 

recruiting (CRF T-1) 
 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



214: 

ANNEX | A4.2 Case report form hospital screening, assessment and 

recruiting (CRF T-1) 
 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



215: 

ANNEX | A4.2 Case report form hospital screening, assessment and 

recruiting (CRF T-1) 
 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



216: 

ANNEX | A4.2 Case report form hospital screening, assessment and 

recruiting (CRF T-1) 
 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



217: 

ANNEX | A4.2 Case report form hospital screening, assessment and 

recruiting (CRF T-1) 
 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



218: 

ANNEX | A4.2 Case report form hospital screening, assessment and 

recruiting (CRF T-1) 
 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

  



219: 

ANNEX | A4.3 Example of a case report form for a follow-up visit (at 

three month) 
 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

A4.3 Example of a case report form for a follow-up visit (at three month) 
 

 



220: 

ANNEX | A4.3 Example of a case report form for a follow-up visit (at 

three month) 
 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



221: 

ANNEX | A4.3 Example of a case report form for a follow-up visit (at 

three month) 
 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



222: 

ANNEX | A4.3 Example of a case report form for a follow-up visit (at 

three month) 
 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



223: 

ANNEX | A4.3 Example of a case report form for a follow-up visit (at 

three month) 
 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



224: 

ANNEX | A4.3 Example of a case report form for a follow-up visit (at 

three month) 
 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

  



225: 
ANNEX | A4.4 Questionnaire Adherence 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

A4.4 Questionnaire Adherence 
 

 



226: 
ANNEX | A4.4 Questionnaire Adherence 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

  



227: 
ANNEX | A4.5 Short form 12 version 2 (quality of life questionnaire) 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

A4.5 Short form 12 version 2 (quality of life questionnaire) 
 

 

 

 

 



228: 
ANNEX | A4.5 Short form 12 version 2 (quality of life questionnaire) 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 

 

 

 



229: 
ANNEX | A4.5 Short form 12 version 2 (quality of life questionnaire) 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 

 

  



230: 
ANNEX | A4.6 Patient satisfaction questionnaire 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

A4.6 Patient satisfaction questionnaire 
 

 



231: 
ANNEX | A4.6 Patient satisfaction questionnaire 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



232: 
ANNEX | A4.6 Patient satisfaction questionnaire 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

 



233: 
ANNEX | A4.6 Patient satisfaction questionnaire 

 
 

PhD Thesis Version 02.02.2015 Fabienne Böni 

 

 

  



234: 

ANNEX | A4.7 Analysis of the Believes about Medicines Questionnaire 

(BMQ) 
 

 

PhD Thesis Version 02.02.2015 Fabienne Böni 

A4.7 Analysis of the Believes about Medicines Questionnaire (BMQ) 
 

 

 
Figure A1: Answers of the control group to BMQ questions over the study period. T0, at discharge; T3,T6,T12, 

at follow-up at 3,6, and 12 months. 
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Figure A2: Trend of answers to the BMQ questions during the study by the intervention patient. T0, at 

discharge; T3,T6,T12, at follow-up at 3,6, and 12 months. 
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