Understanding medication adherence : a self-report measure
and a dual-process framework
Citation for published version (APA):
Kleppe, M. (2016). Understanding medication adherence : a self-report measure and a dual-process framework.
[Phd Thesis 1 (Research TU/e / Graduation TU/e), Industrial Engineering and Innovation Sciences]. Technische
Universiteit Eindhoven.

Document status and date:
Published: 20/01/2016
Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)
Please check the document version of this publication:
• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.
If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 09. Jan. 2023

Understanding Medication
Adherence
A new self-report measure and a dual-process
framework

Mieke Kleppe

The work described in this thesis has been carried out at Philips Research and the Eindhoven
University of Technology, the Netherlands.
A catalogue record is available from the Eindhoven University of Technology Library
ISBN: 978-90-386-3985-7
Cover design: Misha Croes & Mieke Kleppe
Layout: Mieke Kleppe & Misha Croes

Understanding Medication Adherence:
A self-report measure and a dual-process framework

PROEFSCHRIFT

ter verkrijging van de graad van doctor aan de Technische Universiteit
Eindhoven, op gezag van de rector magnificus prof.dr.ir. F.P.T. Baaijens,
voor een commissie aangewezen door het College voor Promoties, in het
openbaar te verdedigen op woensdag 20 januari 2016 om 16:00 uur

door

Mieke Kleppe

geboren te Goes

Dit proefschrift is goedgekeurd door de promotoren en de samenstelling van
de promotiecommissie is als volgt:
voorzitter: 		
prof.dr. I.E.J. Heynderickx
e
1 promotor: 		
prof.dr. C.J.H. Midden
copromotor(en):
dr.ir. J.R.C. Ham
			
dr. J.P.W. Lacroix (Philips Research)
leden:			
prof.dr. R. Horne (University College London)
			prof.dr. D.T.D. de Ridder (Universiteit Utrecht)
			prof.dr. A.M. van Dulmen (Radboud Universiteit)
			
prof.dr.ir. Y.A.W. de Kort

Het onderzoek of ontwerp dat in dit proefschrift wordt beschreven
is uitgevoerd in overeenstemming met de TU/e Gedragscode
Wetenschapsbeoefening.

Table of contents
Chapter 1: General Introduction

9

1.1 Medication adherence

10

1.2 Measurement of medication adherence

13

1.2.1 Direct measures of medication adherence

13

1.2.2 Indirect measures of medication adherence

14

1.3 Determinants of medication adherence

16

1.3.1 Social and economic factors

16

1.3.2 Health care system factors

17

1.3.3 Therapy-related factors

17

1.3.4 Illness-related factors

17

1.3.5 Patient-related factors

18

1.3.6 A dual-process perspective

21

1.4 Thesis outline

26

Chapter 2: A Probabilistic Medication Adherence Scale
2.1 A need for new adherence measures

29
30

2.1.1 Existing self-report medication adherence measures

30

2.1.2 The Rasch model

32
5

Table of contents

2.1.3 The ProMAS

33

2.2 Study 1: Optimisation and selection of the initial item set

34

2.2.1 Method

34

2.2.2 Results

38

2.2.3 Discussion

40

2.3 Study 2: Selecting and testing the final item set

40

2.3.1 Method

41

2.3.2 Results

41

2.4 Discussion

47

Chapter 3: Applying the ProMAS to the measurement of specific medication
adherence

51

3.1 The measurement of specific medication adherence

52

3.2 Study 3: Rheumatoid arthritis

54

3.2.1 Method

54

3.2.2 Results

55

3.2.3 Discussion

59

3.3 Study 4: Oral breast cancer

61

3.3.1 Method

61

3.3.2 Results

62

3.4 Discussion

65

3.4.1 Item fit

66

3.4.2 Item range

68

3.4.3 Reliability

68

3.4.4 Comparison between adherence measures

69

3.4.5 Conclusion

70

Chapter 4: Associations with taking medication.

71

4.1 Study 5: Associations with taking medication

73

4.1.1 Method

73

4.1.2 Results

75

4.2 Discussion

79

Chapter 5: A Dual-process View on Medication Adherence
5.1 Affect related to taking medication

83
83

6

Table of contents

5.2 Study 6: The effect of affective processes on medication adherence

87

5.2.1 Method

87

5.2.2 Results

91

5.2.3 Discussion

93

5.3 Study 7: Testing a dual-process framework

94

5.3.1 Method

95

5.3.2 Results

97

5.4 Discussion

98

5.4.1 The influence of beliefs about medicines in the dual-process model
Chapter 6: General discussion

100
101

6.1 Measurement of medication adherence

102

6.1.1 Measuring behaviour

103

6.1.2 Taking into account occurrence likelihood

104

6.1.3 Differentiating between patients’ adherence scores

104

6.1.4 Validity

105

6.1.5 General versus specific medication adherence

106

6.1.6 Limitations & future work

106

6.2 Determinants of medication adherence

108

6.2.1 Dual-process models

109

6.2.2 Limitations & future work

110

6.2.3 Implications for adherence interventions

111

6.3 Final remarks

113

References

115

Summary

129

Samenvatting

133

Appendix A: Items Study 1 & 2

137

Appendix B: Items Study 5,6,7

145

Appendix C: SEM statistics Study 7

149

Acknowledgements

153

Publications

155

Curriculum Vitae

157
7

8

Chapter 1
General Introduction
Imagine a person with hypertension. She does not feel ill, but her doctor told her that it is
important for her health to lower her blood pressure. He prescribed medication and told her to
take two pills every day, one in the morning and one in the afternoon.
Do you expect that she takes every single dose of her medication exactly as prescribed by her
doctor? Or would there also be a chance that at times she takes only one pill instead of two, to test
whether this might also be sufficient? Or that she stops taking the medication for a while to test
whether her hypertension maybe went away in the meantime? And would there be a chance that
she sometimes simply forgets to take her daily pills? Research suggests that many patients do not
take their medication as prescribed by their physician. However, the exact measurement of this
behaviour is a challenge and the factors influencing this behaviour are still not fully understood.
These two issues are the topic of the current thesis. The following section will introduce the
problem of medication adherence, including its definition, prevalence, effects, measurement,
and influencing factors.
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1.1 Medication adherence
Chronic illnesses occur more and more often worldwide and are the leading cause of death
around the world (World Health Organization, 2010). In 2008, 36 million out of 57 million
deaths were caused by chronic illnesses (World Health Organization, 2010). The prevalence of
diabetes and hypertension are estimated at 10% and 40% of the overall adult population aged
over 25. The prevalence of chronic illnesses is highest in the elderly population; in a study by
Hung and colleagues (2011), 92% of elderly in the US had at least one chronic illness and 17%
had four chronic illnesses or more. Medication is a key element of therapies for the vast majority
of people with a chronic illness or with an increased risk to develop one (Hung et al., 2011; World
Health Organization, 2003).
The effectiveness of a patient’s medical treatment is dependent on both the efficacy of the
medication and the adherence of the patient (World Health Organization, 2003). Medication
adherence is defined as the extent to which a patient takes medication as prescribed by, and
agreed upon with, a physician (World Health Organization, 2003). Non-adherence occurs when
a patient does not take this medication as prescribed and agreed upon. A variety of behaviours
can result in non-adherence, such as skipping doses, altering doses, stopping, not starting, taking
a medicine at a different time than prescribed, or not taking the medicine in the prescribed way
(e.g., when medication has to be taken with food, but is taken on an empty stomach).
Earlier research has indicated that many chronic patients are (partially) non-adherent, with
estimates broadly ranging from 17% to 80% adherent patients (Dolce et al., 1991; Haynes, Ackloo,
Sahota, McDonald, & Yao, 2008; Krueger, Berger, & Felkey, 2005; Sarafino & Smith, 2010). These
numbers vary substantially for which different reasons can be identified (e.g., differences in the
type of medication or target groups). Three reasons are discussed in more detail: differences in
illnesses studied, measurement methods and definitions of medication (non-)adherence.
Firstly, different illnesses have different properties that can influence adherence and as a result,
adherence differs widely between illnesses (Kardas, Lewek, & Matyjaszczyk, 2013; Krueger et
al., 2005). For instance, a study by De Klerk and colleagues (2003) found that adherence levels
were lower for patients who were prescribed medication for gout than for patients who were
prescribed medication for rheumatoid arthritis. A study by Gadkari and colleagues (2011) found
that respiratory illnesses had lower levels of medication adherence than cardiovascular illnesses.
Many differences exist between these illnesses that could account for these varying adherence
rates. For example, the level to which symptoms are experienced, the perceived severity of the
illness, or the occurrence of side-effects of the medication for specific illnesses. All of which can
vary between illnesses and have been found to influence medication adherence (Kardas et al.,
10
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2013).
Secondly, the measurement of medication adherence has proven to be problematic and no golden
standard has been identified. Different measures correlate only weakly (Shi et al., 2010) and
provide different adherence rates (Hansen et al., 2009; MacLaughlin et al., 2005). For example,
subjective adherence measures (i.e., self-reports) generally provide higher adherence scores than
objective adherence measures (Hansen et al., 2009). The measurement issues of medication
adherence are further discussed in section 1.2.
Thirdly, a wide range of definitions of medication (non-)adherence has been used in adherence
studies. In some studies, a patient is considered non-adherent when adherence rates fall below
a certain threshold necessary for the medication to have the desired effects. In previous studies,
this threshold was often set at 80% adherence, but threshold of 90% or 95% have also been
proposed, and sometimes a patient was already considered non-adherent when one dose was
missed (Krueger et al., 2005). In most questionnaires, a rating scale output is provided (e.g.,
score from 1 to 25) rather than percentages, and different cut-off points have been used (Nguyen,
Caze, & Cottrell, 2013). This makes it ever more difficult to compare outcomes of adherence
measures.
Additionally, different adherence behaviours are incorporated in the definitions of adherence.
Recent work (Vrijens et al., 2010) has proposed a taxonomy of medication adherence that aims
to standardise adherence definitions. This taxonomy divides medication adherence into three
steps: initiation, implementation, and persistence (Vrijens et al., 2012). To be fully adherent, the
patient has to start taking the medication first (initiation), once started has to take every dose
as prescribed (implementation), and continue taking the medication (persistence). Initiation
and persistence are discrete events, of which the timing can vary (i.e., for initiation the time
between prescription and starting and for persistence between starting and stopping). In the
implementation phase, a patient can be non-adherent in different ways: the medication can be
skipped, doses can be lowered or increased, the medication can be taken outside of the correct
timing interval, or taken irregularly.
However, even though different steps of adherence have been proposed, most studies did not
differentiate between initiation, implementation and persistence. Therefore, little is known
about the adherence rates and the determinants of these different phases (Kardas et al., 2013;
Vrijens et al., 2012). In one study among hypertensive patients, Vrijens and colleagues (2008)
found that two percent of the patients did not initiate their medication therapy, ten percent had
problems with implementation, and about half were non-persistent after 1 year. Their results
further indicated that implementation errors were negatively related to persistence, such that
11
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patients with insufficient implementation were more likely to become non-persistent (Vrijens et
al., 2008).
Insufficient adherence to medication has been related to a higher chance of poor health outcomes
and thereby has numerous negative effects, both for the patient and for the health care system
(DiMatteo, Giordani, Lepper, & Croghan, 2002). A recent study found a higher occurrence of
hospitalisations of patients who were non-adherent compared to those who were adherent to
their hypertension, diabetes, or hyperlipidaemia medicines (Han, Suh, Lee, & Jang, 2014).
Another large-scale study, based on pharmacy and medical administrative claims data, showed
that higher adherence was related to spending less time in a hospital compared to lower adherence
and thereby to lower health care costs (Roebuck et al., 2011). Similarly, an earlier study found
that higher adherence was related to lower healthcare costs and fewer hospitalisations in chronic
illnesses (Sokol, McGuigan, Verbrugge, & Epstein, 2005). The global yearly adherence related
healthcare costs are estimated at 269 billion dollars (IMS institute for Healthcare Informatics,
2012). Additionally, Simpson and colleagues (2006) reported twice as high mortality rates
for people with poor adherence rates compared to those with good adherence rates. Because
of these health and economic consequences of insufficient adherence, improving adherence
is an important focus area for many healthcare organisations, policy-makers, and research
organisations. However, many challenges remain, such as creating a clear picture of the factors
influencing medication adherence (Vermeire, Hearnshaw, Van Royen, & Denekens, 2001).
The World Health Organisation describes five dimensions in factors influencing medication
adherence; Social and economic factors, health system-related factors, therapy-related factors,
illness-related factors and patient-related factors (World Health Organization, 2003). More than
200 variables that influence medication adherence have been suggested in the literature (Vermeire
et al., 2001). However, all this research did not create a clear picture of the determinants of
medication adherence, partially because of the lack of theories specifically describing medication
adherence (Munro, Lewin, Swart, & Volmink, 2007; van Dulmen et al., 2007; Vermeire et al.,
2001).
In sum, medication adherence is a complex problem that affects both the healthcare system
and the patient. To be able to increase adherence, a better understanding of the factors and
underlying processes that influence medication adherence is needed.
In this thesis, we argue that to fully understand a patient’s medication non-adherence,
two issues, that have not been sufficiently addressed so far, are crucial. The first issue is the
reliable, accurate, and cost-effective assessment of medication adherence. The measurement of
medication adherence is crucial in order to assess the magnitude of the problem, to be able to study
12
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determinants and underlying processes of medication adherence, and to assess the effectiveness
of interventions. To date, all measures have serious limitations and no golden standard exists.
The second issue is a better understanding of the determinants and processes that lead to nonadherence. A good understanding of these processes will aid the development of interventions to
increase adherence. These two issues are the focus of this thesis. In the remainder of this chapter,
we will discuss the literature on these issues and identify research opportunities.

1.2 Measurement of medication adherence
As discussed in the previous section, the reliable measurement of medication adherence is crucial
to understand the magnitude of the problem, the underlying processes that influence adherence,
and the effects of interventions to increase adherence. A good adherence measure should be
reliable and accurately measure medication adherence and should be able to distinguish between
patients with regard to their adherence levels. This measure should be cost-effective to enable
the large-scale use of the measure to reach sufficient power levels in adherence intervention and
determinant studies (Haynes et al., 2008). In the current thesis, we argue that available measures
do not fulfil the need for reliable, accurate, and cost-effective measurement. As discussed above,
adherence rates vary widely between measures, and self-reported adherence rates are generally
higher than objectively measured adherence rates (Hansen et al., 2009; MacLaughlin et al.,
2005). Correlations among different adherence measures are often weak (Shi et al., 2010). For
example, poor agreement was found between self-report and pharmacy refill data (Cook, Wade,
Martin, & Perri, 2005; Guénette, Moisan, Préville, & Boyer, 2005), and between pharmacy refill
data and electronic pillbox monitoring (Vervloet, 2013).
Some argue that electronic monitoring can be seen as the golden standard, because it is the least
susceptible to biases of the known adherence measures. Others emphasise the limitations of this
way of measuring and believe that, at the moment, no single adherence measure can be identified
as a golden standard, because all available adherence measures have serious limitations (Geest,
Ruppar, Berben, Schönfeld, & Hill, 2014; Lehmann et al., 2014). A combination of adherence
measures is generally considered to provide the most accurate adherence estimate (Geest et
al., 2014; Lehmann et al., 2014). However, in many cases multiple adherence measures are
simply not among the possibilities and the interpretation of such a combination is unclear, and
therefore not often applied (Lehmann et al., 2014). The available methods and their limitations
are discussed in the following sections.

1.2.1 Direct measures of medication adherence
Medication adherence can be measured directly or indirectly. Direct measures of adherence
13
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include direct observations, biochemical measurements, and the addition of computer chips into
pills. An advantage of these direct measures is that they can assess the actual presence of the
medication in the body. The disadvantages of these direct methods are that they are obtrusive,
costly, and difficult to implement. Drug level measurement and biological markers have the
additional disadvantage that they only measure adherence for recent medication use (24 to 48
hours prior to assessment depending on half-life of the medicine), and are influenced by patientspecific kinetic variations (Farmer, 1999; Krueger et al., 2005). The only method currently
available that measures whether the medication is actually swallowed, without influences from
patient kinetic variations, is by using pills that contain a microchip. When the pill has reached
the stomach of the patient, the chip sends a signal to an adhesive patch worn on the patient’s
skin, indicating that the pill is taken (DiCarlo, 2012; Wuthrich et al., 2012). Despite the accuracy
of direct methods, the limitations prevent most researchers from using them. Therefore, indirect
measures are most often to assess medication adherence (Lehmann et al., 2014). The most
common indirect measures are pharmacy refill data, electronic pillbox monitoring, and selfreport (Gellad, Grenard, & Marcum, 2011; Mann, Ponieman, Leventhal, & Halm, 2009; Vermeire
et al., 2001). These methods are described below.

1.2.2 Indirect measures of medication adherence
Pharmacy data
Most pharmacies automatically register the medication refill date of their patients, and from
this refill data, a medication possession ratio (MPR) can be calculated. This MPR is calculated
as a percentage of days for which medication is possessed by the patient and indicates whether
the patient possesses enough medication to be adherent at a certain moment. Advantages of this
method are that pharmacy refill data are gathered unobtrusively and adherence can be easily
measured over an extensive period of time. However, not all researchers have access to pharmacy
refill data and, more importantly, it only provides information on the possession of medication,
not on the possible adherence patterns and adherence behaviours. Therefore, refill data only
provide a very rough adherence estimation, with little information on actual medication intake
on a daily basis. Due to these constraints, refill adherence is considered too sparse to be able to
measure implementation, and is most applicable to the measurement of initiation and persistence
(Vrijens et al., 2012).
Electronic pillbox monitoring
A method that provides more granular information on medication use on a daily basis is
electronic pillbox monitoring (EM). With EM, the moment of opening the pillbox is registered
and the number of openings can be compared to the expected openings. Furthermore, when
relevant, the time of opening the pillbox can be compared to an agreed upon time window in
14
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which the medication should be taken to assess timing adherence. A limitation of EM is that
the measurement is costly and time-consuming and, therefore, the use of EM is often limited
to smaller sample sizes. Furthermore, not all non-adherence behaviours can be assessed.
For instance, opening the pillbox does not necessarily imply that the medicine is taken and it
provides no information on the dose that is taken. Additionally, because the medication has to
be taken directly from the EM container, patients have to change their routines (MacLaughlin et
al., 2005). A new technology overcomes this latter issue for patients who take their medication
directly from the package. A self-adhesive polymer film with electronics added to punch cards
could make electronic monitoring less obtrusive when added to existing medication packages
(Arnet, Walter, & Hersberger, 2013). However, this technique is still under development and has
not found its way into many research studies.
Self-report
The indirect measure that is used most often is the assessment of medication through self-report
(Horne & Weinman, 1999; Lehmann et al., 2014). Self-report measures seem to deal with several
limitations of pharmacy refill data and electronic monitoring: larger sample sizes can be tested
easily and a wider range of adherence behaviours can be assessed. Various medication adherence
self-report scales have been proposed in the literature (e.g., Nguyen and colleagues, 2013, found
30 scales that measure medication-taking behaviour in their review). These measures include
self-report scales that assess adherence to medication prescribed for a specific illness and scales
that assess adherence to medication in general. The Medication Adherence Report Scale (MARS;
Horne & Weinman, 2002) and the Morisky Scale (MMAS; Morisky, Green, & Levine, 1986)
are most often used. The MARS includes five to nine items (e.g., ‘I decide to miss out a dose’
or ‘I alter the dose’) for which participants are asked to indicate the frequency of occurrence
on a five-point rating scale. The MMAS includes four or eight items (e.g., ‘Did you take your
medication yesterday?’ or ‘Have you ever cut back or stopped taking your medication without
telling your doctor because you felt worse when you took it?’) seven items of which are answered
on a dichotomous (yes/no) and one on a 5 point rating scale (Morisky, Ang, Krousel-Wood, &
Ward, 2008). See Chapter 2 for a more detailed analysis of existing adherence questionnaires.
Most self-report measures provide highly skewed adherence data with limited variance. Thereby
they deviate substantially from the objective measures and highly overestimate adherence
(MacLaughlin et al., 2005). Even though self-report measures have the potential to assess a
wide range of adherence behaviours in a cost-effective manner, this potential is not reached by
available methods.
In this section, we identified the need for new, reliable, cost-effective, and sensitive, adherence
measures that do not overestimate adherence. We argue that a possible gain can be achieved
15
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in the improvement of self-report measures, because they have the advantage of being costeffective and can be easily applied to large sample sizes. Additionally, self-report measures
have the potential to assess a wide range of adherence behaviours. Therefore, Chapters 2 and
3 of the current thesis describe the development of a new self-report tool to assess medication
adherence that aims to solve the limitations of the overestimation of medication adherence and
being insensitive to individual differences found in available methods. In Chapters 4 and 5 of
this thesis, this tool will be used to study the determinants of medication adherence and the
underlying processes through which these determinants influence adherence.

1.3 Determinants of medication adherence
A crucial step in developing effective adherence interventions is to understand why non-adherence
occurs. Therefore, it is necessary to study the determinants of this behaviour and the underlying
processes that lead to non-adherence. Earlier research has identified a broad range of over 200
determinants of medication adherence behaviour, such as, the patient-physician relationship,
socioeconomic status, cognitive decline, and regimen complexity (Krueger et al., 2005; Vermeire
et al., 2001). As discussed previously, the World Health Organization distinguishes five main
categories of adherence determinants: factors related to the social or economic context, the
health care system, the therapy, the illness, or the patient (World Health Organization, 2003).
These factors are described in more detail below, to provide an overview of the complexity of the
adherence problem and to identify research opportunities.

1.3.1 Social and economic factors
Social and economic factors consist of a wide range of variables that describe the personal context
of the patient, such as living conditions, level of education, and demographics. Even though few
theories exist as to why demographics influence adherence, these factors are often included in
research studies. Many of the factors in this category, demographics in particular, have been
found to have inconsistent effects on medication adherence (Kardas et al., 2013). For example,
some studies find a negative relationship between higher age and better medication adherence,
whereas others find a positive or no relationship (Kardas et al., 2013; Krueger et al., 2005;
Vermeire et al., 2001). These inconsistent effects could be caused by the fact that demographics
influence adherence through mediating patient related factors. Examples of mediating factors of
the effect of age on medication adherence could be cognitive decline and retirement.
Social support has been found to have a more consistent relationship with medication adherence
(Kardas et al., 2013; Krueger et al., 2005). Two types of social support are distinguished: structural
and functional social support. Structural social support refers to the structure of a patient’s social
16
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network (e.g., being married or living with somebody), whereas functional social support refers
to emotional, informative and instrumental support provided by the social environment of the
patient. A meta-analysis found that it was especially functional social support, and not structural
social support, that was related to adherence (Magrin et al., 2014). The studies reviewed by
Magrin and colleagues (2014) all assessed social support using a self-report questionnaire and
thereby assessed perceived social support rather than actual social support. As such, the evidence
demonstrates that the perception of patients regarding social factors influence adherence
behaviour, which makes the patient’s perceptions a relevant candidate to target in adherence
interventions.

1.3.2 Health care system factors
The way that the health care system is structured has been found to be related to medication
adherence. However, it is unclear which factors seem to be most influential because most factors
are not tested in isolation (Kripalani, Yao, & Haynes, 2007; van Dulmen et al., 2007). One factor
that has been tested in isolation is the effect of co-pay (Kardas et al., 2013). Results of these
studies indicate that when people have to pay more for their medication themselves, they are
less adherent (Barron, Wahl, Fisher, & Plauschinat, 2008; Ellis et al., 2004; Kardas et al., 2013).
Another health care system factor often studied in isolation is the patient-physician relationship.
Higher satisfaction with the physician and communication with the health care providers was
found to be related to better medication adherence (Hausman, 2001; Heisler, Cole, Weir, Kerr,
& Hayward, 2007; Kressin et al., 2007; Piette, Schillinger, Potter, & Heisler, 2003; Popa-velea
& Duma, 2006).

1.3.3 Therapy-related factors
Therapy-related factors refer to factors related to the prescribed medication. The (perceived)
complexity of the medication regimen is a therapy-related factor that has been often found to
influence medication adherence (Kardas et al., 2013; Mann et al., 2009). Results of several
studies indicated that the reduction of dosing demands (frequency and number of medications)
increased medication adherence (Kripalani et al., 2007). Adverse effects of the medication are
negatively related to medication adherence (Kardas et al., 2013).

1.3.4 Illness-related factors
Adherence rates vary widely between chronic illnesses (Blaschke, Osterberg, Vrijens, & Urquhart,
2012; De Klerk, Van der Heijde, et al., 2003) and even between drug classes within the same
illness (Borah, Huang, Zarotsky, & Globe, 2009; Kronish et al., 2011). Generally, results indicate
17
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that adherence declines over time (De Klerk, Van der Heijde, et al., 2003; Vrijens et al., 2008)
and is particularly low in asymptomatic and chronic illnesses (Blaschke et al., 2012; Kardas et al.,
2013). Additionally, perceived severity of the illness has been found to be positively correlated to
medication adherence (Kardas et al., 2013).

1.3.5 Patient-related factors
Patient-related factors include forgetting, social-cognitive variables such as people’s attitudes
and beliefs, and affect (World Health Organization, 2003). Patient-related factors are the factors
that are studied most often in medication adherence research. Even though the factors described
earlier are all important to consider in an adherence intervention, many of the factors described
are difficult to change (the illness), require interventions at a policy level (the health care system
factors) and only influence behaviour indirectly through the perceptions of the patient. For
example in the influence of regimen complexity on adherence, one patient may perceive taking
one pill as a complex regimen, whereas another patient may perceive a regimen with ten pills as
easy. Perceived regimen complexity may, therefore, be a stronger predictor of adherence than
the number of pills taken by a patient. The same is true for the patient-provider relationship,
where one patient may have different preferences from another. Ultimately, non-adherence
remains a behavioural problem, which means that the patient should always be considered
in any intervention. Therefore, this thesis will focus on patient-related factors. To provide an
overview of which patient-related factors are already known to influence adherence, this section
will review the literature on the effects of patient-related factors on medication adherence.
Forgetting
Forgetting is the patient-related factor that is named most often as a cause of non-adherence
(Kardas et al., 2013; Krueger et al., 2005; Russell, Kilburn, Conn, Libbus, & Ashbaugh, 2003;
Vermeire et al., 2001; Zogg, Woods, Sauceda, Wiebe, & Simoni, 2012). Even though patients
might have the intention to take their medication, they might not remember to do so at the
right moment or they might forget to take their medication when they leave their house. Even
though forgetting is often referred to as a practical barrier (Clifford, Barber, & Horne, 2008;
Lehane & McCarthy, 2007b), there might also be a motivational component in forgetting to
take medication. Research indicated a relationship between adherence and intentions (Zogg et
al., 2012). For example, patients with higher intentions to take their medicine may put more
effort in using strategies to reduce forgetting. This can explain several recent findings, where
so-called unintentional non-adherence (due to forgetting) was influenced by beliefs (Gadkari
& McHorney, 2012; Iihara et al., 2008; Schüz et al., 2011; Unni & Farris, 2011). Next to the
motivational component, there is still a true forgetting component left. This component is
influenced by cognitive decline and, therefore, worsens with age. Reminder systems have been
18
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shown to be an effective intervention to increase adherence due to true forgetting, although they
do not solve the adherence problem completely (Haynes et al., 2008; van Dulmen et al., 2007).
This underscores the importance of considering additional patient factors to explain medication
adherence, such as those described in social-cognitive theories.
Social cognitive theories
Next to forgetting, it is also widely acknowledged that patients can take a deliberate decision
to be non-adherent (Horne & Weinman, 2002; Lehane & McCarthy, 2007b). Reasons for this
decision include experiencing adverse effects or feeling that the medication is not needed (Horne,
Weinman, & Hankins, 1999; Lehane & McCarthy, 2007b; Leventhal, Diefenbach, & Leventhal,
1992). Several general theoretical models have been proposed that could describe the formation
of this decision and how it leads to behaviour. This section describes several of these models and
their use in medication adherence research.
General (health) behavioural models, such as the Health Belief Model, and the Theory of Planned
Behaviour, have been used to describe a wide range of health behaviours (Armitage & Conner,
2000). The Health Belief Model (HBM; Janz & Becker, 1984; Rosenstock, Strecher, & Becker,
1988) proposes that the likelihood of performing a recommended health behaviour is influenced
by the threat of the illnesses (determined by the perceived susceptibility and perceived severity
and influenced by cues to action) and the perceived benefits of the behaviour minus the perceived
barriers to perform this behaviour. The HBM has proven to be applicable to a wide variety of
health behaviours, but effect sizes remain rather low (Armitage & Conner, 2000). The Theory
of Planned Behaviour (TPB; Fishbein & Ajzen, 2010) indicates that behaviour is influenced
by intentions to perform this behaviour and by perceived behavioural control. Intentions are
influenced by attitudes, social norms and perceived behavioural control, which are in turn
influenced by beliefs. The TPB has been rather successful in predicting health behaviours, with
an average of 41% explained variance in health behaviours (Armitage & Conner, 2000) and 38%
in self-reported medication adherence (Ben-Natan & Noselozich, 2011).
Few studies have investigated theoretical models, such as the HBM and TPB, with regard to
medication adherence (van Dulmen et al., 2007). However, components of these models have
been assessed in isolation to a large extent, of which beliefs are studied most extensively (Horne
et al., 2013). For example, positive social norms (Bolman, Arwert, & Völlink, 2011), positive
attitudes, and higher self-efficacy beliefs have been related to better adherence (Kardas et al.,
2013). Because beliefs are studied most extensively, these are discussed in more detail below.
Beliefs
Beliefs are a component of both the HBM and the TPB. Two specific types of beliefs have been
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related to medication adherence, illness beliefs and medication beliefs. Illness beliefs include
beliefs about personal susceptibility, illness severity and the timeline of the illness (acute, cyclic
or chronic; Leventhal et al., 1992). Results of various studies have indicated that perceived
severity of the illness is related to higher medication adherence (P. Bennett, Rowe, & Katz, 1998;
DiMatteo, Haskard, & Williams, 2007). Similarly, beliefs about the timeline of the illness have
been found to be related to medication adherence; Adherence is lower when a chronic illness
is perceived to be temporary in nature rather than chronic (P. Bennett et al., 1998; Horne,
Clatworthy, & Hankins, 2010; Mann et al., 2009).
Medication beliefs include beliefs about the necessity of the medicine and concerns, and the
interaction between those two beliefs (Horne et al., 2013). Patients who believe that taking their
medication is necessary for their health are more adherent than patients who believe that they do
not need their medication, and patients with higher concerns about taking their medication are
less adherent than patients that have low concerns (Horne et al., 2013). These concerns include
an affective as well as a cognitive component. That is, they include to which extent patients worry
about (future) negative effects or about becoming dependent on the medication. The necessity
and concern beliefs are generally assumed to influence adherence behaviour through a cognitive
process in which patients weigh their concerns to their perceived necessity of the medication,
and then form an intention to take or not to take their medication (Clifford et al., 2008; Horne et
al., 1999; Lehane & McCarthy, 2007a).
Social-cognitive models have only been able to explain medication adherence partially and
interventions based on these models have only been partially effective (DiMatteo, HaskardZolnierek, & Martin, 2012; Haynes et al., 2008; van Dulmen et al., 2007). A limitation of these
models is that they assume an underlying cognitive, rational process as the basis of behaviour
(Hofmann, Friese, & Wiers, 2008; Lehane & McCarthy, 2007b). However, other behavioural
domains have identified the role of affect in predicting behaviour (Breckler & Wiggins, 1989b;
Trafimow et al., 2004). While cognitive patient-related determinants, such as beliefs, have been
studied rather extensively in medication adherence research, the role of affect remains unclear.
We argue that, next to cognitions, adherence behaviour may also be influenced by affect.
Affect
Affect is defined as feelings and emotional responses activated by a so-called attitude object
(Breckler & Wiggins, 1989b; Zajonc, 1984). Affect may be independent, and precedes in time,
of cognition (Murphy & Zajonc, 1993; Zajonc, 1980). Affect has been found to be a powerful
predictor of behaviour in several behavioural (health) domains (Breckler & Wiggins, 1989a,
1989b; Lawton, Conner, & McEachan, 2009; Trafimow & Sheeran, 1998; Trafimow et al., 2004;
van den Berg, Manstead, van der Pligt, & Wigboldus, 2005). For example, Lawton and colleagues
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(2009) studied 14 different health behaviours, such as physical activity and smoking, and found
that affective attitudes were often more predictive of these behaviours than cognitive attitudes.
Additionally, the effect of affective attitudes on behaviour was not fully mediated by intentions
to perform these behaviours.
Two types of affect could predict medication adherence: affect related to the illness and affect
related to (taking) the medication. Negative affect about the illness might increase adherence
(i.e., the patient might want to avoid the illness, and medication could be the means to do so),
whereas negative affect about the medication might decrease adherence (the patient might want
to avoid the medication). Research on both types of affect are discussed in this section.
Affect related to the medication is incorporated in the concern beliefs construct of the BMQ,
discussed in the previous section. This type of affect has been often found to influence adherence
(Horne et al., 2013). The role of affect related to the illness is present in Leventhal’s commonsense model of medication adherence (CSM; Leventhal et al., 1992; Meyer, Leventhal, &
Gutmann, 1985). The CSM proposes that internal and external stimuli generate a representation
of affect related to the illness (fear and distress) and, in parallel, a cognitive representation of
the threat posed by the illness. Both representations will lead to coping and appraisals. A recent
meta-analysis has shown that correlations between the mental representations in the CSM and
adherence are rather weak (Brandes & Mullan, 2014). For affective representations, results did
not indicate a significant correlation with adherence behaviour. One recent study included both
types of affect (illness and medication related). Results indicated that medication-related affect
had a stronger relation with behaviour than illness-related affect (Phillips, Diefenbach, Abrams,
& Horowitz, 2015). A limitation of this study is that only three medication affect items were
included, which only assessed worrying about taking medicines. However, this study indicated
that affect related to taking medicines might be the type of affect with the strongest influence
on medication adherence behaviour compared to illness beliefs. Therefore, we argue that affect
about medication taking behaviour should be studied more extensively.

1.3.6 A dual-process perspective
If affect about medication taking behaviour would indeed be a determinant of medication
adherence, this would also imply an additional influencing process on adherence, next to the
cognitive process that has been studied extensively. These two processes are similar to the two
parallel representations in the CSM. Where cognition influences behaviour mainly through
deliberate decisions resulting from a reflective process, affect influences behaviour also through
an impulsive process (as for example described by the Reflective Impulsive Model; RIM; Strack
& Deutsch, 2004). These processes are expected to operate in parallel and interactively. In the
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reflective process, conscious thoughts lead to deliberate decisions (i.e., an intention is formed).
This process is relatively slow and requires cognitive capacity. The impulsive process, on the
other hand, is fast, occurs automatically, and does not need cognitive capacity. The basis of the
impulsive process is the spreading of activation of associations. Upon perception of a stimulus,
associations (such as feelings) are activated and an affective attitude is formed, which influences
behaviour through a motivational orientation (i.e., the tendency to approach or avoid that
stimulus). The RIM proposes that approach orientation is a preparedness to decrease the distance
between the person and a stimulus in the environment (for example by consumption or moving
towards the stimulus). Avoidance orientation is a preparedness to increase the distance between
the person and the environment (for example by moving away from or removing the stimulus).
Once an orientation is activated, it becomes easier to execute a behaviour that is compatible,
rather than incompatible, with that motivational orientation (Krieglmeyer, Deutsch, De Houwer,
& De Raedt, 2010; Krieglmeyer & Deutsch, 2010; Rinck & Becker, 2007; Strack, Werth, &
Deutsch, 2006). For example, seeing a muffin may activate a variety of associations, such as its
delicious taste. This association activates a positive feeling and an approach orientation towards
the muffin, thereby making it easier to reach for the muffin and eat it. As in the muffin case,
medication adherence could be influenced by this automatic process; Medication could trigger
associations of adverse effects or of being a patient and thereby triggering a negative feeling. This
feeling in turn activates the tendency to avoid the medication, which may make it easier to avoid
the medication and can therefore materialize in a certain level of non-adherence (for a schematic
overview, see Figure 1.1).
As said, these impulsive and reflective pathways occur in parallel and interactively (Strack &
Deutsch, 2004). In the reflective process, affect can be incorporated in cognitive attitudes and
thereby affect can influence intentions. Affect can be deliberately incorporated in decisions (e.g.,
‘I am not planning on exercising, because I do not feel like it’) or it can make negative cognitions
more salient (e.g., as in Alhakami & Slovic, 1994). In the impulsive process, cognitions can be
activated automatically (e.g., the concept of necessity could be activated automatically when
a patient thinks about medication), and deliberate thought can activate additional automatic
associations (e.g., a patient thinks about the future health benefits of the medication, which
might activate positive affect; Strack & Deutsch, 2004).
The RIM proposes that intentions in the reflective process and avoidance tendencies in the
impulsive process activate behavioural schemata (e.g., to take the medication or set an alarm;
Strack & Deutsch, 2004). Behavioural schemata can also be activated more directly, for instance
by deprivation of basic needs (e.g., hunger) or by an event that is linked to a behaviour (e.g.,
in the case of habits). The relative strength of the activated behavioural schemata determine
which schemata influence behaviour. This relative strength is influenced by several boundary
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Figure 1.1: A dual-process framework of medication adherence, based on the Reflective-Impulsive Model
proposed by Strack & Deutsch (2004). A medication cue automatically activates associations in the affective
process. These associations can activate an affective attitude. In turn, a tendency to avoid medication
might be activated. In the cognitive process, medication might trigger beliefs (e.g. about the necessity
of medication). These beliefs will be incorporated in a cognitive attitude, which will in tern influence an
intention to take medication. Intentions and avoidance tendencies both influence behaviour through the
activation of behavioural schemata.

conditions that can be situational or dispositional.
Firstly, the relative influence of affective and cognitive processes is dependent on context
factors within one patient that can vary over time. The cognitive processes require effort and
are therefore dependent on opportunity and motivation (Fazio, 1990; Petty & Cacioppo, 1986).
For example, when a patient is in a hurry or has few cognitive resources available, cognitive
processes are less likely to occur and matching behavioural schemata are less likely to activate.
Therefore, when opportunity is low, cognitive processes have less influence on behaviour. On
the other hand, cognitive processes can have a stronger influence on behaviour when motivation
and personal relevance are high. In that case, patients will be more likely to activate behavioural
schemata based on cognitive processing.
Secondly, individual differences in adherence may arise due to individual differences in the
relative influences of cognitive and affective processes. A higher need for cognition and trait
self-control will make that cognitive processes become activated to a larger extent, whereas a
higher need for affect will make that patients focus more on the affective processes (Bruijn,
Keer, Putte, & Neijens, 2011; Conner, Rhodes, Morris, McEachan, & Lawton, 2011). Identifying
these personality traits could provide more information to which extent affective and cognitive
processes are important in this patient’s adherence behaviour. Further research is needed to
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determine to what extent these personality traits indeed are relevant for adherence behaviour
and should study the context under which affective or cognitive processes influence medication
adherence behaviour to create a better understanding of these processes in medication adherence
behaviour.
To our knowledge, the CSM is the only model that includes parallel processing of cognition and
affect that has been applied to medication adherence. The CSM only includes affect related to
taking medication, but is extended to include affect related to medication by Horne (2003).
Studies that have tested the CSM have, to the best of our knowledge, not investigated the separate
paths through which adherence is influenced by cognition and affect (Brandes & Mullan, 2014).
Therefore, we argue that it is needed to assess these parallel paths and investigate to what extent
affective processes explain additional variance in medication adherence over cognitive processes.
We argue that the potential role of affective processes for medication adherence is important for
the development of effective interventions to increase medication adherence. The distinction
between affective and cognitive processes is critical for the development of interventions because
earlier research showed that different persuasive methods are needed to change affect-based
attitudes and cognitive-based attitudes (Conner et al., 2011; Edwards, 1990; Petty & Cacioppo,
1986). For example, Strack, Martin, and Stepper (1988) asked participants to hold a pen in their
mouth to trigger the same muscles as those used when smiling, this changed affective, but not
cognitive, components of attitudes towards cartoons. Conner and colleagues (2011) found that
affective attitudes towards exercise were influenced by providing information about affective
benefits, and cognitive attitudes by providing information about cognitive benefits. In contrast,
(Millar & Millar, 1990) found that stronger affective attitudes were more susceptible to cognitive
arguments and cognitive attitudes to affective arguments. Affective priming was found to
influence affective attitudes towards Chinese pictographs, but not cognitive attitudes (Edwards,
1990).
Many adherence interventions have been studied and have been applied in daily practice (Haynes
et al., 2008; van Dulmen et al., 2007). These interventions focus on reducing dosing demands,
increasing social support, providing reminders, providing information, or a combination of these
strategies (Haynes et al., 2008; Kripalani et al., 2007; van Dulmen et al., 2007). Most of these
interventions have been found to have only small effect sizes (Haynes et al., 2008; van Dulmen et
al., 2007). Technical solutions to increase adherence have been applied in the form of reminder
systems, for example (J.W. Bennett & Glasziou, 2003; Vervloet et al., 2012). Most of these
solutions will remind the patient to take the medication every intake moment. A less obtrusive
solution can be applied when a reminder system is combined with EM. This combination makes it
possible to only provide reminders when the medication is not taken (Vervloet, 2013). Reminders
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can be provided, among others, in the form of text messages, apps on smart phones (Dayer,
Heldenbrand, Anderson, Gubbins, & Martin, 2013), or through medication dispensers (Philips,
2015). The medication dispensers have the additional advantages that they can also dispense
the medication that has to be taken at that moment, making it easier to manage medication for
patients that take many different kinds of medication. With apps or EM, patients can receive
feedback on their adherence behaviour, increasing their awareness of possible non-adherence
(J. W. Bennett & Glasziou, 2003).
These practical interventions mainly solve adherence problems in patients that do not have any
objections towards taking their medication. As many patients have negative beliefs regarding
their medication (Horne et al., 2013), several interventions have been developed that target these
beliefs by providing information to the patient. Information is provided (e.g., through leaflets
or personally by nurses), often as part of larger interventions (e.g., as in Haynes et al., 2008;
Van Camp, Huybrechts, Van Rompaey, & Elseviers, 2012). Beliefs can also be targeted through
technological means. In a study by Petrie, Perry, Broadbent, and Weinman (2012), beliefs were
assessed, and based on these beliefs text messages were send to the patients. Results of this
study indicated that after the intervention, patients held more favourable beliefs and had higher
adherence rates than patients that did not receive these text messages (Petrie et al., 2012).
Even though most current medication adherence interventions focus on changing beliefs or
reminding patients to take their medication (Haynes et al., 2008; van Dulmen et al., 2007), a
limited number of studies provided evidence that interventions targeting affect can influence
adherence behaviour (Shrank & Choudhry, 2012). For example, Ogedegbe and colleagues (2012)
have used positive affect and self-affirmations (inducing feelings of pride by drawing on past
experiences) in an intervention to increase medication adherence. They showed a positive effect
of their intervention on adherence, with an effect size as high as those of the most effective nonaffective interventions (Ogedegbe et al., 2012; Shrank & Choudhry, 2012). This result provided
a first indication that interventions aimed at changing affect can be effective in improving
medication adherence interventions. However, this study did not provide insights into the
underlying process through which affect might influence adherence behaviour and its relation
with a cognitive process.
To conclude, interventions to improve medication adherence have shown only small effects,
which could be improved by a better understanding of the reasons for medication (non-)
adherence. Cognitive antecedents of medication adherence have been studied rather extensively,
while affect related to taking medication has been studied much less. Additionally, the processes
through which medication adherence behaviour is influenced by cognitive and affective processes
remain unclear. Therefore, we will study a dual-process perspective on medication adherence
25

Chapter 1

that includes the influence of affect and cognition related to taking medication in Chapters 4 and
5 of this thesis.

1.4 Thesis outline
This thesis addresses the two identified main issues in the study of medication adherence: The
measurement of medication adherence that can be improved and the underlying processes of
medication adherence behaviour that remain unclear. Based on these issues, we set two main
research goals in this thesis:
1) Improving the self-report measurement of medication adherence. More specifically,
we aimed to develop an adherence measure that has better distributional properties than current
self-report adherence measures by assessing of a range of non-adherence behaviours and taking
into account the likelihood of occurrence of these behaviours. This improved measure is crucial
in addressing the second goal of this thesis.
2) Studying a dual-process framework of medication adherence. More specifically, we
tested the hypothesis that affective processes influence medication adherence independently of
cognitive processes.
These goals will be addressed by means of the development and validation of a new self-report
tool to measure medication adherence (Chapter 2 & 3) and the application of this tool to assess
the role of affective and cognitive processes in medication adherence (Chapter 4 & 5). Below, we
will summarise the chapters in this thesis.
Chapter 2 describes the development and internal validation of a medication adherence
questionnaire (the ProMAS). Self-report measures are often used to study medication adherence
because they are highly cost-effective and large sample sizes can be tested easily. However,
adherence rates are often highly skewed and provide limited variance, suggesting that most
patients are highly adherent. One reason for these limitations is that current self-report measures
do not take into account the varying occurrence likelihoods of non-adherence behaviours. The
ProMAS was developed using the Rasch model to account for the different medication adherence
behaviours and the variations in occurrence likelihood of these behaviours. The goal of the
questionnaire was to be able to reliably measure medication adherence and to acquire data
that represent objective adherence rates better than current self-report measures. This chapter
describes the Rasch model and how it was used to construct the questionnaire. In two studies,
we administered the questionnaire to patients taking medication for varying chronic illnesses to
assess a general tendency to be adherent.
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The ProMAS described in chapter 2 assessed a general tendency to be adherent to medication,
while many researchers are interested in assessing adherence to medication prescribed for a
specific condition. Therefore, Chapter 3 describes two studies in which the ProMAS is applied
to the measurement of adherence to specific types of medication. Study 3 assessed adherence
amongst patients taking oral medication to treat rheumatoid arthritis and Study 4 assessed
adherence amongst patients taking oral hormone medication to treat breast cancer.
Chapter 4 presents a study that assessed patients’ first spontaneous associations with taking
their medications in order to study the role of affect on medication adherence. These associations
were categorised based on their content. We studied to what extent medication adherence
scores differed for patients with different first associations and through which pathway these
associations influenced adherence.
Chapter 5 further explored the relationship between affective and cognitive processes and
medication in two studies. We tested a dual-process framework of medication adherence based on
the Reflective-Impulsive Model which includes both cognitive and affective processes. In the first
study, we tested whether affective processes influenced medication adherence independently of
cognitive processes. Different measures of affect were included to test which were most capable
of explaining variance in medication taking behaviour. In the second study, the full framework
was tested using Structural Equation Modelling.
Chapter 6 discusses the findings of all the studies that were included in this thesis, addresses the
research goals proposed in this section, and presents recommendations for future research and
for the design of interventions to increase adherence.
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Chapter 2
A Probabilistic Medication Adherence Scale
The development of the ProMAS
In Chapter 1, we argued that accurate and cost-effective measures are essential for studying
underlying processes of medication adherence and the effects of adherence interventions.
However, the reliable, accurate and cost-efficient assessment of individual medication adherence
rates has proven to be difficult and to date there is no golden standard to measure adherence
(Krueger, Berger, & Felkey, 2005; Vermeire, Hearnshaw, Van Royen, & Denekens, 2001; World
Health Organization, 2003). Because existing measures do not seem to fulfil the need for reliable
and cost-effective measurement, new measures are needed (Nguyen, Caze, & Cottrell, 2013;
Vermeire et al., 2001).

**This chapter is based on Kleppe, M., Lacroix, J. P. W., Ham, J. R. C. & Midden, C. J. H. (2015). The
development of the ProMAS: a Probabilistic Medication Adherence scale. Patient Preference and Adherence,
9, 355-367.
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2.1 A need for new adherence measures
We argue that a possible gain can be achieved in the development of better self-report measures.
Self-report measures have the advantage of being cost-effective, being easily applied to large
sample sizes, and having the potential to assess a wide range of adherence behaviours. However,
current available self-report measures suffer from several limitations, resulting in adherence
rates that may deviate substantially from the objective measures (Nguyen et al., 2013) and highly
overestimate adherence (Reach et al., 2011; Rüsch, Todd, Bodenhausen, Weiden, & Corrigan,
2009; Vermeire et al., 2001). In the following section, current self-report measures and their
limitations will be described, and in section 2.1.3, a new questionnaire to assess medication
adherence is proposed that deals with the most important limitations of current self-report
adherence measures.

2.1.1 Existing self-report medication adherence measures
A variety of self-report medication adherence measures has been proposed in the literature
(Nguyen et al., 2013). These measures include self-report scales that assess adherence to
medication prescribed for a specific illness, and scales that assess adherence to medication in
general. The Medication Adherence Report Scale (MARS; Horne & Weinman, 2002) and the
Morisky Scale (MMAS; Morisky, Green, & Levine, 1986) are most often used. The MARS includes
five to nine items for which participants are asked to indicate the frequency of occurrence on a
five-point rating scale. The MARS includes items such as ‘I decide to miss out a dose’, and ‘I alter
the dose’. On average, the MARS has a sufficient reliability (Garfield, Clifford, Eliasson, Barber, &
Willson, 2011). However, adherence distributions found with the MARS are often highly skewed
(e.g., Mårdby, Akerlind, & Jörgensen, 2007; Nicklas, Dunbar, & Wild, 2010; Sutton et al., 2014)
and the MARS includes a limited range of non-adherence behaviours.
The MMAS includes four or eight items, seven items of which are answered on a dichotomous (yes/
no) and one on a 5 point rating scale (Morisky, Ang, Krousel-Wood, & Ward, 2008). Examples
of the items in the MMAS are ‘Did you take your medication yesterday?’, and ‘Have you ever cut
back or stopped taking your medication without telling your doctor because you felt worse when
you took it?’. The latter item clearly shows that the Morisky scale also assesses the determinants
of adherence behaviour simultaneous with the assessment of behaviour. The MMAS has been
found to have only low to moderate reliability (Garfield et al., 2011). Similar to the MARS, the
MMAS includes a limited range of non-adherence behaviours and adherence distributions found
with the MMAS are often highly skewed (e.g., Butler, Peveler, Roderick, Horne, & Mason, 2004).
Other adherence measures that are reported in the literature are often only used by one or only a
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few studies. Several studies have used single-item adherence measures. For example, Kalichman
and colleagues (2015) used a Visual Analogue Scale, in which patients had to mark a line to
indicate the percentage of doses taken in the past month. Barosso and colleagues (2003) asked
their participants the question ‘How many days in the last 30 days did you not take the drug as
prescribed?’, and Grymonpre, Didur, Montgomery, and Sitar (1998) asked their participants to
estimate how often the medication was omitted. Reliability estimates are mostly not reported for
these scales and adherence scores are skewed (Garfield et al., 2011).
Generally, it is reported that self-report measures overestimate adherence and do not reflect
reality (Choo et al., 1999; Lehmann et al., 2014; Osterberg & Blaschke, 2005; Voils, Hoyle,
Thorpe, MacIejewski, & Yancy, 2011). Because of this overestimation, these measures cannot
discriminate between participants regarding their adherence scores, making it more difficult to
study determinants of medication adherence and effects of interventions designed to improve
adherence.
A main limitation of these existing self-report measures is the lack of coverage of the entire
range of different types of adherence behaviours and the failure to consider the differences in
the likelihood of occurrence of these behaviours. As stated in chapter 1, there is a wide range of
adherence behaviours (e.g., stopping medication for a while, changing the dose, or taking the
medication too late; Murray et al., 2004; van Dulmen et al., 2007) and these behaviours differ
in the likelihood with which they are performed (Horne & Weinman, 2002). For example, it is
more likely that a patient takes his or her medication an hour later than prescribed than that he
or she skips a dose of the medication. Most self-report measures only assess a limited set of nonadherence behaviours and this limited set includes mostly behaviours that are performed with
a low likelihood and thus by a small number of patients (e.g., deliberately skipping doses). An
assessment of the entire range of non-adherence behaviours is needed for a reliable measurement
of medication adherence.
The likelihood of performing an adherence behaviour by a person can be compared to the
likelihood of answering a question in a maths test correctly by a student. The level of adherence
of a patient corresponds to the maths ability of a student and the performance likelihood of the
adherence behaviour to the difficulty of the question. The entire range of questions in any maths
test needs to be matched to the maths abilities of the various students to reliably discriminate
between their maths abilities. If the test is too easy (or too difficult), the majority of the students
will answer all the questions correctly (or incorrectly), and it becomes impossible to discriminate
between the students’ maths abilities. The range of question difficulties should cover the range
of maths abilities of the students, such that it is possible to discriminate between the different
students based on their correct and incorrect answers. The same principle holds for measuring
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adherence behaviours. If a scale consists only of adherence behaviours that the vast majority of
participants report, the scale is too ‘easy’ and behaviours should be added that are performed by
only a proportion of the participants. Many current adherence measures include mainly nonadherence behaviours performed by none or a small minority of the participants. As a result,
most patients appear to be perfectly adherent and differentiation between the patients’ adherence
levels is not possible. We argue that items should cover the wide range of adherence behaviours
that are performed by the target population of the measure.

2.1.2 The Rasch model
Considering the variations in likelihoods of occurrence of the various non-adherence behaviours
(i.e., items with varying difficulty), we believe that the Rasch model is a particularly suitable
method for the development and analysis of an adherence measure (Bond & Fox, 2007; Kaiser,
Oerke, & Bogner, 2007). The Rasch model is often used to measure ability in educational
settings, where it is common that a test would include items with a range of item difficulties (e.g.,
a maths test usually includes items that range from easy to difficult). For analysing psychological
constructs and behaviour, scientists generally use Factor Analysis. However, Factor Analysis
does not account for varying levels of difficulties between items. Therefore, Rasch measurement
may provide a more accurate description of the data when item difficulties vary (Byrka & Kaiser,
2012; Haans, Kaiser, Bouwhuis, & IJsselsteijn, 2012; Kaiser et al., 2007).
The Rasch model (with sufficient fit to the data) has several advantages over multiple-parameter
models, for example, item-free measurement and the use of sum scores as a sufficient statistic.
Item-free measurement means that the person measure is independent of the measurement
tool used (e.g., it should not matter which ruler we use to measure a person’s length; similarly,
it should not matter which (sub) set of questionnaire items we use). Item-free measurement
makes it possible to compare person ability estimates when persons completed different item
sets (provided that these item sets have a sufficient number of items in common or the items are
calibrated). The use of sum scores, when all participants receive the same items, makes it easier
to use the scale, as it does not necessarily require the calculation of Rasch estimates. The Rasch
model describes the relationship between the adherence behaviours reported by participants
and their overall adherence mathematically (see Equation 2.1 and Bond & Fox, 2007) for more
information).
ln

(

)

p(xni = 1)
= θ n - δi
1 - p(xni = 1)

Equation 2.1
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As represented in the central equation of the Rasch model (Equation 2.1), the natural logarithm
of the odds of agreeing to an item i by patient n (p(xni = 1)) can be described as a function of this
patient’s adherence score (theta; θn) and the item’s difficulty score (delta; δi). In a medication
adherence questionnaire, item difficulty scores would correspond to the number of patients
reporting to be non-adherent on an item. Both the adherence scores and difficulty scores are
measured in logits (log odd units) and estimated based on the data (Bond & Fox, 2007). For
every item and person, the Rasch model provides fit scores to test whether the items and persons
behave in a fashion consistent with the Rasch model’s expectations. If all the items have sufficient
fit, there is one dimension underlying the different items. An item with misfit shows a deviation
from the model’s expectations and needs further inspection. If all person fit scores are within
limits, it means that all persons have responded to the items consistently and as expected by the
model.
Persons with a high adherence score are expected by the Rasch model to only be non-adherent
on the behaviours on which most of the persons are non-adherent, while persons with a low
adherence score are also expected to be non-adherent on the behaviours on which fewer people are
non-adherent. For example, a person with high adherence score would only take his medication a
little later than usual, while a low adherent person could also stop taking medication for a week.
This means that the items are transitively ordered by their difficulty scores (e.g., if A>B and
B>C then A>C). We expected that using the Rasch model to create a scale with a wider range of
behavioural adherence difficulties would result in a scale that differentiates between participants
better than existing self-report measures.

2.1.3 The ProMAS
In this chapter, we describe the development of the Probabilistic Medication Adherence Scale
(the ProMAS). The ProMAS assesses a range of adherence behaviours with varying difficulty
levels, using the Rasch model approach. It was expected that the use of these behaviours enabled
the derivation of one latent variable behind these behaviours; a tendency to be non-adherent.
The scale was developed in two studies. An initial set of items was generated based on patient
interviews, an extensive literature review, and existing adherence measures (Horne & Weinman,
2002; Morisky et al., 1986; Reach et al., 2011). In the first study, the scale was shortened by
selecting the items with varying item difficulties, such that the item set covered the full range
of behaviours reported by the participants. The selected items were tested on fit with the Rasch
model and dimensionality and compared to one of the most often used existing measures (the
MARS; Medication Adherence Report Scale, developed by Horne and Weinman, 2002). Since
this first version of the scale included items that were not of a purely behavioural nature, several
items were rephrased as to assess behaviour only. Those items that included a cognitive, affective,
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or conditional element were discarded or rephrased (e.g., cognitions or feelings that may lead to
non-adherence). That is, items of the final scale were phrased such that they described behaviours
only, and did not include cognitions or determinants of non-adherence. All items of the final
scale were included in the second study. In Study 2, the scale was again shortened and tested on
fit with the Rasch model, dimensionality, and compared to existing measures similar to Study 1.
The goal of this research was to develop a scale which included a range of adherence behaviours
matched to the target population, to find a better way to quantify adherence behaviour and to test
whether a single latent variable (the tendency to be adherent to medication) could be inferred from
the range of adherence behaviours. The behaviours assessed should provide data with sufficient
reliability scores and correlations to the MARS. We expected that one underlying latent variable
could be construed from the different non-adherence behaviours of the ProMAS, by showing
sufficient fit with the Rasch model. Furthermore, we expected that the resulting adherence scores
would correlate with the MARS and that the ProMAS would provide less skewed data with more
variance compared to the data obtained with the MARS, which is more in line with adherence
data assessed with objective methods (World Health Organization, 2003).

2.2 Study 1: Optimisation and selection of the initial item set
The goal of the current study was to optimise and validate the initial item set of the ProMAS,
which consisted of 51 adherence behaviours generated based on patient interviews, an extensive
literature review, and existing adherence measures. The set of items was presented to participants
in an online study to test item and person fit, and identify redundant items. For comparison,
the study included two of the most frequently used self-report adherence measures (the MARS
and Morisky scales) and the Beliefs about Medicines Questionnaire (BMQ).The BMQ was added
because it has been frequently found to correlate with adherence (e.g., Horne et al., 2013; Horne,
Weinman, & Hankins, 1999; Kardas, Lewek, & Matyjaszczyk, 2013).
We expected that one underlying latent variable (tendency to be adherent to medication) could
be construed from the different non-adherence behaviours of the ProMAS (by showing sufficient
fit with the Rasch model) and that the resulting adherence scores would correlate with the MARS,
Morisky and BMQ.

2.2.1 Method
Participants
The online study was completed by 528 participants, aged 65 and over (mean age = 68.0, SD =
7.1, 229 females and 299 males), whose education ranged from primary education to university
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degree. Elderly participants were chosen because many elderly suffer from at least one chronic
condition (Hung et al., 2011). The sample included 239 participants with cardiovascular diseases,
156 with diabetes, 120 with COPD, and 40 with osteoporosis. The average duration of the illnesses
was 14 years. On average, patients were prescribed 5.3 medications a day (481 patients took more
than one medicine a day). Participants were recruited by a recruitment agency (PanelClix, 2014),
which gathered a panel of participants that opted-in to participate in research in exchange for
points. The agency randomly selected Dutch participants from this panel that were aged 65 or
over. These participants were invited to participate in the study via an email including a weblink to the study. Participants were also able to access the link through the PanelClix website.
Participants were asked whether they had a chronic condition, whether they were prescribed
pills, and how often they were supposed to take those pills. Only participants who were prescribed
pills daily for a chronic condition could proceed to the survey and were included in the study. The
survey was closed after enough participants were included in the study. The study was conducted
online and participants filled in the survey from their homes on their own computer. After
finishing the study, participants received a reward of 1.50 Euro.
Procedure
The study consisted of a single online session, that took about 15 minutes to complete. Participants
received a short introduction to the study, after which they were asked to fill out the ProMAS.
Next, participants filled out the BMQ (Horne et al., 1999), the MARS and Morisky scales (Horne
& Weinman, 2002; Morisky et al., 1986), and some demographic questions. Finally, participants
were thanked and debriefed. The whole study was in Dutch.
Materials
Probabilistic Medication Adherence Scale (ProMAS)
A list of 51 adherence behaviours was composed based on patient interviews (resulting from an
internal study at Philips Research, N=40), an extensive literature review, and existing adherence
measures (such as the MARS and Morisky scales; Horne & Weinman, 2002; Morisky et al., 1986;
Reach et al., 2011). All adherence behaviours that were found were added to the item pool and
duplicates were removed. The behaviours were phrased to conform to the scale’s item format.
All items in the final scale consisted of an unconditional statement. This means that items such
as ‘I skip my medication when I feel good’ were not included. For each item (see Table 2.1 for
the final item set and Appendix A for all items), participants were asked to indicate whether
it corresponded with their own behaviour by selecting yes, true (coded with 1) or no, not true
(coded with 0).
The answers on the 51 ProMAS items were analysed using the Rasch methodology (see Bond &
Fox, 2007, for more information). For every item, a difficulty score (delta) was estimated based
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It has happened at least once that I forgot to take (one of) my
medicines. (R)
It happens occasionally that I take (one of) my medicines at a
later moment than usual. (R)
I have never (temporarily) stopped taking (one of my) medicines.
It has happened at least once that I did not take (one of) my
medicines for a day. (R)
I am positive that I have taken all the medication that I should
have taken in the previous year.
I take my medicines exactly at the same time every day.
I have never changed my medicine use myself.
In the past month, I forgot to take my medicine at least once. (R)
I faithfully follow my doctor’s prescription concerning the
moment of taking my medicines.
I sometimes take (one of) my medicines at a different moment
than prescribed (e.g. with breakfast or in the evening). (R)
In the past, I once stopped taking (one of) my medicines
completely. (R)
When I am away from home, I occasionally do not take (one of)
my medicines. (R)
I sometimes take less medicines than prescribed by my doctor.
(R)
It has happened (at least once) that I changed the dose of (one of)
my medicines without discussing this with my doctor. (R)
It has happened (at least) once that I was too late with filling a
prescription at the pharmacy. (R)
I take my medicines every day.
It has happened (at least once) that I did not start taking a
medicine that was prescribed by my doctor. (R)
I sometimes take more medicines than prescribed by my doctor.
(R)

Het is wel eens voorgekomen dat ik ben vergeten (een van) mijn medicijnen in
te nemen. (R)

Het komt wel eens voor dat ik (een van) mijn medicijnen op een later tijdstip
inneem dan normaal. (R)

Ik ben nog nooit (tijdelijk) gestopt met een medicijn.

Het is wel eens voorgekomen dat ik (een van) mijn medicijnen een dag niet heb
ingenomen. (R)

Ik weet 100% zeker dat ik het afgelopen jaar al mijn medicijnen die ik moest
innemen, ingenomen heb.

Ik neem mijn medicijnen elke dag op exact hetzelfde tijdstip in.

Ik heb nog nooit zelf een verandering gemaakt in mijn medicijngebruik.

In de afgelopen maand ben ik minstens 1 keer vergeten mijn medicijnen in te
nemen. (R)

Ik volg trouw het voorschrift van de arts als het gaat om het moment van
inname.

Ik neem (een van) mijn medicijnen soms in op een ander moment dan
voorgeschreven (bijvoorbeeld bij het ontbijt of in de avond). (R)

Ik ben in het verleden een keer helemaal gestopt met (een van) mijn medicijnen.
(R)

Als ik weg ben van huis, komt het wel eens voor dat ik (een van) mijn
medicijnen niet inneem. (R)

Soms neem ik minder medicijnen in dan voorgeschreven door mijn arts. (R)

Ik heb wel eens de dosis van (een van) mijn medicijnen zelf aangepast, zonder
overleg met mijn arts. (R)

Ik ben wel eens te laat geweest met het ophalen van (een van) mijn medicijnen
bij de apotheek. (R)

Ik neem elke dag mijn medicijnen in.

Mijn arts heeft wel eens een medicijn voorgeschreven, waar ik nooit mee
begonnen ben. (R)

Soms neem ik meer medicijnen in dan voorgeschreven door mijn arts. (R)

-2.47

-1.94

-1.41

-1.31

-1.09

-0.98

-0.37

-0.35

-0.05

0.29

0.39

0.86

0.86

1.09

1.23

1.56

1.93

2.03

Item
difficulty

0.28

0.22

0.19

0.18

0.17

0.17

0.15

0.15

0.14

0.13

0.13

0.13

0.13

0.12

0.12

0.12

0.13

0.13

SE

1

1.09

0.99

1.11

0.91

0.76

0.98

1.01

0.92

1.03

0.97

1.03

1.07

1.05

0.93

1.21

0.99

0.96
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-0.39

-0.11

-0.1

0.12

-0.48

-0.31

0.29

-0.2

-0.14

-0.24

0.52

-0.48

-0.28

0.37

0.61

-0.34

0.04

0.68

Factor
loading

Table 2.1: The final item set of the ProMAS (ordered on item difficulty), including item difficulty scores, fit statistics, and loadings on the first contrast. Items marked
with (R) should be reversed coded. © KONINKLIJKE PHILIPS N.V. 2015
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on the frequency of reported adherence behaviours by the participants. For every person, an
adherence score (theta) was estimated based on the number of adherence behaviours reported.
Difficulty scores (per item) and adherence scores (per person) were expressed in logits (Bond &
Fox, 2007). Higher individual adherence scores in this analysis represent better adherence rates.
Winsteps software was used for all Rasch analyses (Linacre, 2007).
Beliefs about medicines
To assess their beliefs about medication, participants filled out the Beliefs about Medicines
Questionnaire (BMQ; Horne et al., 1999). The questionnaire consists of ten statements regarding
beliefs about the specific medicines of the participant and eight statements regarding beliefs about
medicines in general. Participants were asked to indicate how much they agreed or disagreed with
each of the statements on a 5-point scale (1 strongly disagree to 5 strongly agree). Following
standard procedures, scores were averaged to produce a score for necessity beliefs about the
participant’s specific medication (where higher scores indicated higher necessity beliefs; α =
0.87), a score for concern beliefs with the specific medication (higher scores indicate higher
concerns; α = 0.77), a score for harm beliefs with medication in general (higher scores represent
higher harm beliefs; α = 0.68) and a score for overuse beliefs with medication in general (higher
scores represent higher overuse beliefs; α = 0.75).
Existing adherence measures
Two of the most frequently used medication adherence self-report scales, the Medication
Adherence Report Scale (MARS; Horne & Weinman, 2002) and the Morisky scale (Morisky et
al., 1986), were included for comparison with the ProMAS. The MARS consists of seven questions
inquiring about different adherence behaviours and reasons, such as ‘I alter the dose of my
medicines’ (see Appendix A for the MARS and Morisky items included in this study). Participants
were asked to indicate their own behaviour on a 5-point scale (1 never to 5 always). Consistent
with the original procedure, answers to the seven questions were averaged to provide an
adherence score with a reasonable level of internal consistency, with higher scores representing
better adherence (α = 0.70).
The Morisky scale consists of four questions, such as ‘Do you ever forget to take your medication?’.
Participants could indicate their behaviour by selecting either yes or no. Consistent with the
original procedure, adherence scores were calculated by averaging the answer to the four
questions, where higher scores represent better adherence rates. The scores on the Morisky scale
had a low reliability with an α of 0.43.
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2.2.2 Results
The analysis of study 1 consisted of two steps. In the first step, we shortened the scale by making a
selection of items with difficulty scores that covered the full range of person abilities. The goal of
this step was to reduce the number of items for the use of the ProMAS in future studies, to decrease
the burden on our (mostly elderly) participants. In the second step, we tested our hypotheses by
testing the shortened scale on item and person fit. The Rasch analysis was performed in Winsteps
(Linacre, 2007). Comparisons between the MARS and ProMAS were analysed in SPSS (IBM
Corp., 2011).
Step 1: Selecting the items that best matched the participants’ behaviour
Adherence scores could be estimated by the model with a good person separation reliability
of 0.81 and Cronbach’s alpha of 0.88. The separation reliability is calculated by taking the
adjusted person variability (total variance minus the error variance) and dividing this by the
total person variability and has a similar interpretation as Cronbach’s alpha (for computational
details see Bond & Fox, 2006). On a well-balanced scale, when the item difficulties are matched
with the adherence scores for a given population, the difference between the mean adherence
score and the mean difficulty score will be close to zero logits. The difference between the mean
adherence score and the mean difficulty score in this study was 2.25 logits (SD = 1.345). This
high number indicated that the items as a set were not matched to the behaviours performed by
the participants. The scale included a high number of relatively easy items for this sample (i.e.,
many items were included on which most patients were adherent). Many of these easy items had
similar item difficulty scores and assessed similar behaviours, and were, therefore, redundant. To
shorten the ProMAS for future use, we discarded these redundant items.
Items to be discarded were selected based on similarity in item difficulty scores and on fit
statistics. Fit statistics in Rasch analysis are expressed in mean squares. Mean squares express
how well the data fits the model by comparing the predicted model to the observed response
patterns (Bond & Fox, 2007). Mean squares range from 0 to positive infinity. The expected
value of the mean squares is 1, which indicates a perfect fit between the observed data and the
Rasch model. Mean squares higher than 1 indicate misfit, while those lower than 1 indicate an
overfit. Rasch fit statistics generally consist of infit and outfit statistics. While outfit statistics are
based on the conventional mean squares, infit statistics place more weight on the persons with
abilities close to that item’s difficulty and are therefore less susceptible to unexpected results
from persons for which this item is relatively difficult or easy (Bond & Fox, 2007). For this type
of study, mean squares values between 0.6 and 1.4 are considered reasonable (Wright, Linacre,
Gustafson, & Martin-Lof, 1994). A mean squares value lower than 0.6 indicates that the response
to an item is too deterministic (i.e., a Guttman-like response pattern; 00001111), while a value
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higher than 1.4 indicates a deviation from the model’s expectations. Mean squares of more than
2 would degrade the measurement model. Next to the mean squares, infit and outfit statistics
are provided in their standardised form, as z-scores. The z-score indicates whether the person
response string is significantly different from the response string expected by the Rasch model
(for more information about fit statistics, see Wright, Linacre, Gustafson and Martin-Lof, 1994).
Infit mean squares in this study ranged from 0.77 to 1.33, while outfit mean squares ranged
from 0.46 to 3.71. As stated, many of the items were too easy for this sample (i.e., had low item
difficulties). These items were ordered into groups with similar difficulty scores. For every group,
only the best fitting item (with mean squares closest to 1) was selected for the final set of items.
After this selection procedure, 30 items remained. A second Rasch analysis was performed
on these remaining items. The difference between the mean person adherence score and the
item difficulties with these 30 items was 1.76 logits (SD = 1.45). As expected, this improvement
indicated that the 30 item-scale better matched the adherence behaviours of the participants
compared to the 51 item-scale.
Step 2: Tests on the selected items
The criterion validity of the ProMAS was assessed on the selected items using fit with the Rasch
model and correlations with the MARS, Morisky, and BMQ questionnaires.
Fit statistics
Fit statistics were calculated for both items and persons. Rasch analysis indicated that for only
22 out of 528 participants (4.2% of the total sample) the model prediction did not fit the data
(based on z values >= 1.96). Adherence scores were estimated by the model with a good person
separation reliability of 0.78 and Cronbach’s alpha of 0.83.
Next, we tested whether the fit statistics of the item response strings fell within an acceptable
range. Infit mean squares for the 30 items ranged from 0.74 to 1.28; outfit mean squares ranged
from 0.44 to 1.92. Based on the criteria described above, all infit mean squares values seemed to
be within reasonable limits, while the outfit mean squares showed some items with a slight misfit
with the model. Z-scores indicated that only 2 items had a significant misfit with the model.
However, this misfit was too small to degrade the measurement system. Therefore, we concluded
that all items fit the model sufficiently.
Relationship with the MARS, Morisky, and BMQ
To test for criterion validity, we measured the relationships between existing adherence selfreport measures (the MARS and Morisky scales) and the ProMAS. As expected, results indicated
that the ProMAS adherence scores correlated to the MARS (r = 0.54, p < 0.001) and Morisky (r =
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0.65, p < 0.001) adherence scores. Additionally, we measured the relationships between the BMQ
constructs and the ProMAS adherence estimates. In earlier studies, the BMQ has consistently
been found to correlate with adherence (Horne et al., 2013; Kardas et al., 2013). As expected,
ProMAS estimates correlated with all three of the BMQ factors (necessity: r = 0.18; concerns: r
= -0.22; harm: r = -0.30, overuse: r = -0.26, all p’s < 0.001). These correlations are similar to
the correlations between the BMQ and MARS and Morisky scales in this and previous research
(Horne et al., 1999). The results indicated that the ProMAS measured a construct related to
beliefs about medicines, as is expected of a scale that measures adherence.

2.2.3 Discussion
In Study 1, we have developed a new scale, the ProMAS, to assess medication adherence using
a probabilistic measurement approach. Results indicated that the ProMAS provided reliable
(i.e., internally consistent) adherence scores that correlated with existing self-report adherence
measures and the BMQ.
After further inspection of the scale, it became clear that several items on the scale were not
purely about behaviour. This was problematic because the scale was meant to measure adherence
behaviour, not its determinants. Several items in the scale included cognitions (such as attitudes
or intentions). ‘I do not want to think about my medication’ or ‘Sometimes I decide to skip my
medication for a day’ are examples of such items. When the goal of a scale is to measure adherence
behaviour, and not its determinants, these items should better not be included. Especially if
the scale is used for identifying determinants and testing interventions, incorporating items
about determinants of the behaviour may overestimate the effect of these determinants on the
behaviour and cause problems in finding other relevant determinants. Therefore, in a second
study, we improved the ProMAS by reformulating all items into items about behaviours only.

2.3 Study 2: Selecting and testing the final item set
The goal of the current study was to further optimise the scale by rephrasing and modifying the
items that included cognitions, such that the scale would consist of items describing behaviour
only. Rephrasing items may impact the item difficulties and the match with the behaviours
performed by the participants. To ensure a wide range of item difficulties, seven items (that were
removed in Study 1 because of overlapping item difficulties) were added. The resulting 37 items
were presented to another sample of participants in an online study. Based on the collected data,
the scale was shortened once more by selecting items with a wide range of item difficulty scores
and discarding items where difficulty scores were over-represented. The selected items were
tested on fit statistics and reliability. In addition, we performed a principal components analysis
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(PCA) on the standardised residuals, to test whether a second dimension existed in the data,
next to the first Rasch dimension. We compared the ProMAS adherence scores to those of the
MARS. We expected that the MARS would correlate with the ProMAS, as both scales measure
medication adherence. However, we expected the MARS to be more heavily skewed and providing
less variance than the ProMAS. Finally, it was tested whether possible local dependencies of
items impacted fit statistics.

2.3.1 Method
Participants
The study was completed by 370 participants, aged 65 years and over (Mean age = 68.0, SD =
7.1, 141 females, 213 males, 16 unknown), whose education ranged from primary education to
university. The sample included 182 participants with cardiovascular diseases, 92 with diabetes,
32 with osteoporosis, and 71 with COPD. Many participants (234) took medication for a condition
not listed, for example for their cholesterol, rheumatoid arthritis, or depression. About half of
the participants suffered from co-morbidities (181 participants). On average, participants were
prescribed medication for 13 years. On average, patients were prescribed 5.0 medications every
day (320 patients took more than one medicine a day). Recruitment of participants was similar
to Study 1. After finishing the study, participants received a reward of 1.50 Euro in the form of
points provided to the participants by PanelClix.
Procedure and materials
The current study consisted of a single online session, which took about 10 minutes to complete.
The procedure and measurements were similar to those of study 1. After a short introduction,
the improved ProMAS (see Table 2.1 for the final item set and Appendix A for the items that
were removed) was administered, followed by the MARS (α = 0.70), and demographic questions.
Finally, participants were thanked and debriefed. Scores were calculated as in study 1. The study
was in Dutch.

2.3.2 Results
Similar to Study 1, the analysis of the study consisted of two steps. In the first step, we shortened
the scale by selecting the items that best matched the behaviours of the participants (and thereby
covered the full range of person abilities). The goal of this step was to reduce the number of items,
to decrease the burden on our (mostly elderly) participants in future research. In the second step,
we calculated fit statistics and compared the shortened scale to the MARS.
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Step 1: Selecting the items that best matched the participants’ behaviour
The Rasch methodology was used to analyse the 37 items and to calculate the item difficulties and
person adherence scores. The difference between the mean item difficulty and mean adherence
score was 1.96 logits. Adherence scores were estimated with a good person separation reliability
of 0.80 and Cronbach’s alpha of 0.89. The scale included a high number of relatively easy
items for this sample. Many of these easy items had similar item difficulty scores and assessed
similar behaviours, and were, therefore, redundant. To shorten the ProMAS, we discarded these
redundant items. Items to be discarded were selected based on item difficulty scores and fit
statistics.
Infit mean squares in this study ranged from 0.68 to 1.30 and outfit mean squares ranged from
0.40 to 1.95. Three items had a misfit with the model (e.g., “If my physician prescribes me a
medicine, I immediately go to the pharmacy to collect it” and “I do not take medication when I
feel they do not work”). These items were screened on their content and found not to accurately
measure adherence. Therefore, these items were removed from the scale.
The remaining items still included items that were too easy for this sample (i.e., had low item
difficulties). These items were ordered into groups with similar difficulty scores. For every group,
items were screened on their content (to check similarity to other items) and fit. When items
were similar in difficulty and content, the best fitting was retained (i.e., mean squares closest to
1). This selection resulted in a final item set of 18 items (See Table 2.1 for the final item set and
Appendix A for items that were not included). A second Rasch analysis was performed on this
final item set. The difference between the mean item difficulty and mean adherence score was
1.42 logits. As expected, this improvement indicated that the 18 item-scale better matched the
adherence behaviours of the participants compared to the 37 item-scale.
Step 2: Tests on the final item set
The following section describes the tests performed to assess the criterion validity of the final
item set of the ProMAS. These tests include fit statistics, dimensionality tests, comparisons with
the MARS, and an analysis of local independence.
Fit Statistics
Adherence scores could be estimated by the model with a person separation reliability of 0.72
and a Cronbach’s alpha of 0.81. For only 13 out of 370 participants (3.5% of the total sample),
the model prediction did not fit the data (based on z values >= 1.96). Furthermore, fit scores
for the 18 items all fell within an acceptable range. Infit mean squares for the 18 items ranged
from 0.76 to 1.21 and outfit mean squares from 0.51 to 1.29 (see Table 2.1). Therefore, all infit
and outfit mean squares values seemed to be within reasonable limits. Z-scores indicated that
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only one item (‘I sometimes take less medicine than prescribed by my doctor.’) had a significant
overfit (outfit) with the model (i.e., a too deterministic response pattern). This overfit was too
small to degrade the measurement system. However, overfit could indicate that this item had
a higher discriminative ability than the other items, while the Rasch model assumes that all
discrimination abilities are equal. Further analysis revealed that this item had a discrimination
index of 1.24, which is still within limits of the Rasch model (i.e., between 0.5 and 2; Linacre,
2004) Therefore, we concluded that all items fitted the model sufficiently.
We tested for item invariance by performing the Ben Wright’s challenge (Bond & Fox, 2007). The
sample was divided into a low and high adherent sub-sample by a median split. Item difficulty
estimates for both sub-samples were highly similar and all fell within 95% confidence intervals
(r = 0.946). These findings indicated that the item difficulty estimates were consistent and
independent of the individuals taking part in the study.
To test whether item difficulty scores were also independent of disease type, we calculated item
difficulty scores for the participants that took medication for diabetes and not for cardiovascular
diseases (N = 48) and for participants that took medication for cardiovascular diseases but not
for diabetes (N = 138). Item difficulty scores were highly similar (r = 0.865). Only one item fell
outside the 95% confidence interval (‘It has happened at least once that I did not take (one of)
my medicines for a day.’). This item had a lower item difficulty score for diabetes patients than
for cardiovascular patients.
Dimensionality Tests
All items sufficiently fitted the Rasch model, and therefore it could be concluded that they all
tapped into one dimension (a tendency to be adherent to medication). However, additional
variance could be explained by a second dimension, after extraction of the Rasch dimension.
Empirically, the Rasch model explained 35.6% of the variance in the data. If the data would fit
the Rasch model perfectly, the explained variance would be 35.9% (see Linacre, 2003, 2006,
for calculations and information on explained variance). The remaining 64.1% is so-called
quantification variance; residual variance because probabilities are estimated for discrete (0 or
1) events. We explored whether the residual variance (i.e., variance not explained by the Rasch
model) may constitute more than quantification variance, by performing a principal components
analysis (PCA) on the standardised residuals (a common procedure in Rasch analysis; Raîche,
2005). This PCA revealed that the first contrast (i.e., the second dimension) would explain
an additional 8.5% of the variance with an eigenvalue of 2.4. A default critical eigenvalue for
these studies does not exist, because the eigenvalue of noise is dependent on the number of
items and persons. Therefore, it is necessary to estimate the critical eigenvalue for every dataset
based on a set of simulated datasets. Following a procedure recommended by Raîche, (2005) we
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calculated the eigenvalues of the first contrast in 100 simulated similar data-sets. The mean of
these eigenvalues was 1.45. This means that an eigenvalue of around 1.45 could be expected when
the residual consisted of quantification variance only. This indicated that the first contrast found
in our data exceeded the noise level. Items scoring high on this contrast were related to skipping
doses, whereas items scoring low were related to changing doses (see Table 2.1 for the factor
loadings on this contrast; see Bond and Fox, (2007), for more information on the interpretation
of contrasts). Because all items fitted the Rasch measure sufficiently, this second dimension was
not necessarily a problem, however, this contrast could be further investigated in future studies.
Comparison with the MARS
We compared the adherence estimates obtained with ProMAS to those obtained with the MARS.
ProMAS scores ranged from -3.58 to 4.78 (sum scores from 1 to 18), with a mean of 1.4 (12.6 for
the sum scores) and standard deviation of 1.6 (3.7). Twenty-five participants (7%) had a maximum
adherence score on the ProMAS. MARS scores ranged from 1.14 to 4 with a mean of 3.6 (SD =
Adherence
category

ProMAS sum
scores

ProMAS Rasch
estimates

MARS scores

ProMAS frequency
(number of
participants)

MARS frequency
(number of
participants)

Low

0–4

< -1.68

0–1

15

0

Medium-low

5–9

-1.29 – 0.03

1.1 – 2

59

13

Medium-high

10 – 14

0.34 – 1.69

2.1 – 3

173

37

High
15 – 18
> 2.12
3.1 – 4
123
Table 2.2: Categorical breakdown of adherence scores of the MARS and the ProMAS.

320

4.78
3.48
2.66
2.12

ProMAS Scores (logits)

1.69
1.32
0.98
0.65
0.34
0.03
-0.28
-0.60
-0.93
-1.29
-1.68
-2.14
-2.71
-3.58

1

1.5

2

2.5

3

3.5

4

MARS Scores

Figure 2.1. Scatterplot of the ProMAS and MARS scores of Study 2. In both
scales, higher scores represent better adherence rates.
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0.5) and 82 (22%) had a maximum adherence score (see Table 2.2 for a categorical breakdown
of adherence scores). As expected, the ProMAS adherence estimates correlated with the MARS
scores (r = 0.609), indicating that the ProMAS measured a similar construct as the MARS. As
can be seen in Figure 2.1, the scores correlated best for the low adherent patients. For the high
adherent patients, little variance was found in the MARS scores, while the ProMAS provided more
variance for these same persons. We performed a Rasch analysis including both the MARS and
ProMAS items, to test whether the ProMAS items would provide items with a wider range of item
difficulty scores that were better matched to the behaviours of the participants than the MARS
items. The MARS scores were dichotomized by scoring ‘never’ as 1, and ‘seldom’, ‘sometimes’,
‘often’ and ‘always’ as 0. As expected, the item-person map (see Figure 2.2) shows that item
difficulty scores of the ProMAS items covered a wider range than the MARS items. Furthermore,
at the high adherent side of the scale (above the 25 percentile range of persons, where most of
the participants reside) seven out of the eight items belonged to the ProMAS. These items will be
most capable of discriminating between the high adherent participants.
80

80

Persons

70

70
60

50

50

40

40

30

30

20

20

10

10

Frequency

60

0

0
-4

-2

0

2

4

Items

Figure 2.2. Item-person map for a Rasch analysis including both ProMAS
(gray) and MARS (black) items of Study 2. Both the person abilities
(theta’s; above the axis) and item difficulties (delta’s; below the axis) are
mapped on the x-axis in logits. The y-axis represents the number of people
or items with that ability or item difficulty.

We tested whether the widened range in item difficulty scores in the ProMAS would result in
more variance in adherence scores and less skewed results compared to the existing self-report
measures. This was tested by comparing the skewness and kurtosis scores from the ProMAS to
those of the MARS. Results indicated that the ProMAS Rasch estimates were not significantly
skewed and did not have a significant kurtosis (z < 1.96; see Table 2.3). While the MARS scores
were skewed (z = -20.10) and showed a significant kurtosis (z = 28.87). The ProMAS simple
sum scores were significantly skewed (z = -5.57), but less so than the MARS. In other words,
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Shapiro-Wilk statistic

Skewness (z-score)

Kurtosis (z-score)

MARS

.772 (p < .001)

-20.1

28.87

ProMAS Rasch
estimates

.973 (p < .001)

0.87

1.09

ProMAS Sum scores

.950 (p < .001)

-5.57

0.53

100

100

80

80

Frequency

Frequency

Table 2.3: Normality tests for the different adherence measures.
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15
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6

ProMAS Rasch estimates

ProMAS sum scores

100

Frequency

80

60
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20

0
0

1

2

3

4

MARS scores

Figure 2.3. Distributions of the frequencies of the ProMAS Rasch estimates (logits), ProMAS sum scores,
and MARS scores (N = 370) of Study 2.

the ProMAS provided less skewed data with more variance in adherence scores compared
to the MARS. The differences in skewness and kurtosis can be seen in Figure 2.3, where the
distributions of the MARS and ProMAS are plotted. Additionally, we compared the distributions
to a normal distribution by performing a Shapiro-Wilk test on the different adherence scores. All
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distributions deviated from normality. However, with a large sample size we can expect that even
a small deviation from normality will become significant. The Shapiro-Wilk statistics indicated
that the distribution of ProMAS estimates were closer to a normal distribution (i.e., S-W is closer
to 1) compared to the MARS scores. See Table 2.3 for all normality test results.
Local independence
This section describes the analysis performed to test whether fit statistics were influenced by
local independence conflicts. One assumption of the Rasch model is that all items are locally
independent. Local independence implies that two items should only be related to each other by
means of the latent variable. An example of a local independence violation is when the answer
of a question in a test is required to be able to answer another question in the same test. Several
items in the ProMAS could be locally dependent (e.g., items ‘In the past month, I forgot to take
my medicine at least once.’ & ‘I have occasionally forgotten to take (one of) my medicines.’). A
violation of the local independence assumption could influence the fit statistics in a way that
results could indicate a better fit with the Rasch model. A local independence violation can be
resolved by creating so-called ‘super items’ (Baghaei, 2008). In a super item, locally dependent
items are summed.
Local independence violations can be identified by high items residual correlations (i.e., higher
than 0.7). Results indicated that item residual correlations were all lower than 0.34, and,
therefore, did not indicate any local independence violations. However, the content of several
items was so closely related that local independence violations were highly likely. Therefore,
we tested whether fit statistics were influenced when super items were used. Six independent
raters categorised ProMAS items in super items (Cohen’s kappa = 0.55). A Rasch analysis was
performed on the data with super items. Results of the Rasch analysis indicated, similarly as
the analysis without super-items, that all items fitted the model (mean squares ranging from
0.60 to 1.32), thereby indicating that a possible violation of local independence did not influence
fit statistics. Only one item, about stopping medication, had a significant misfit with the model
(outfit mnsq = 1.32, z = 3.5), but this misfit was too small to degrade the measurement model.

2.4 Discussion
The goal of the current research was to develop a reliable measure of medication adherence
behaviours (the ProMAS) that deals with the main limitations of existing self-report adherence
scales. These limitations concern the limited range of item difficulties in the adherence behaviours
measured and the resulting ceiling effect. The ProMAS was constructed using behaviours from
previous instruments, literature, and patient interviews.
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In Study 1, we optimised the scale by selecting the items that best matched the behaviours
performed by the participants. After this selection, 30 out of the 51 initial items remained. To
further improve the scale, we rephrased several of the items such that all items were about
behaviours only (by removing the cognitive parts of the items). In Study 2 we presented the
improved scale to participants. After shortening the item set, based on item difficulties and fit
statistics, 18 items remained in the final item set.
Results from both studies indicated that the ProMAS provided a reliable scale (i.e., internal
consistency), which correlated with the MARS. Tests for normality showed that the new scale
had more variance and a less skewed distribution than the MARS. Furthermore, our results have
shown that the ProMAS items cover a wider range of behaviour difficulties than the MARS items.
From these results, we concluded that the ProMAS, based on the Rasch modelling approach, has
more sensitivity in distinguishing between differences in medication adherence behaviour than
existing self-report measures.
Its wider range in item difficulties, lower skewness, and higher variance suggested that the
ProMAS is more sensitive to differences in adherence between participants compared to the
existing scales. Where most self-report measures suggested that most patients are perfectly
adherent, our scale suggested a different pattern: many patients are non-adherent. Some of these
patients deviate only slightly from their prescribed regimen, while others show larger deviations.
This pattern seems to be closer to expectations of medication adherence as measured with
objective methods (World Health Organization, 2003). To what extent the increased sensitivity
of the ProMAS is representing reality is unclear at this point. Future research is needed in which
ProMAS adherence data is compared with outcome measures or direct measures of medication
to answer this question.
Another improvement in comparison to current self-report measures is that the ProMAS includes
only items that assess behaviour. This results in a purer estimate of adherence behaviour that
is not confounded by the determinants of this behaviour. However, for two items in the scale
(about forgetting to take medication) it can be argued that they are not purely of a behavioural
nature. We argue that, because it is socially very acceptable that patients forget their medication,
it is easy to admit to. This means that in some cases forgetting might not be the real reason for
being non-adherent, but a way to admit to being non-adherent. Our analysis supports this claim,
because the forget-items fit the Rasch model.
The distinction between intentional and unintentional non-adherence, as often reported
in previous studies (Lehane & McCarthy, 2007), was not tested in this study. We argue that
these types of non-adherence are differences in the determinants of the behaviour, not the
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behaviour itself. These determinants have been incorporated in some of the items in existing
scales. For example, several existing scales contain items that include the deliberation process
that determines the behaviour to measure intentional non-adherence (e.g., “Did you deliberately
skip a dose?”). Even though we focused exclusively on the adherence behaviours by excluding
any reference to the potential determinants of these behaviours from the items, intentional and
unintentional non-adherence might result in a different pattern of adherence behaviours. This
could explain the first contrast in our dimensionality analysis. For example, the unintentional
non-adherent might more often skip a dose, while the intentional non-adherent might change
the dose more often. Whether the first contrast is dependent on different determinants should be
further investigated in future research.
Another improvement of the ProMAS is that its items can be transitively ordered (if A occurs
more frequently than B and B more than C, A will occur more frequently than C). For a scale with
this ordering, it is more likely that a patient will perform a behaviour that occurs more frequently
than a behaviour that occurs less frequently. When a patient does perform a less frequently
occurring behaviour, it becomes more likely that they will also perform the behaviours that occur
more frequently than that behaviour. In this way, patients’ adherence scores will give information
about which behaviours they are more or less likely to perform. Furthermore, the order of the
items by itself provides insights on the likelihood of occurrence of different behaviours described
by the items. This order could be different for different conditions, medications, or target groups.
Analysing the ordering of the items could provide more insight into adherence. As a result, it is
necessary to validate the scale under different conditions, to test whether the scale can be used
for all types of conditions and medications.
One item in the final item set (of Study 2) did not fall within the 95% confidence intervals in
the item invariance test between diabetes and cardiovascular diseases. This item had a lower
item difficulty score for diabetes patients than for cardiovascular patients. This could indicate
a problem with this item, meaning that patients with different diseases would answer this item
differently. However, the diabetes sub-sample was fairly small (i.e., consisting of 48 participants).
The item needs further inspection in future research, where larger sub-samples with different
diseases should be tested.
While the ProMAS is quite capable of detecting and discriminating between adherence levels of
patients, it is based on a self-report of behaviour which suffers from several limitations related to
self-report measures in general. It may, for example, be the case that people are unaware of their
own behaviour or that social desirability issues prevent them from being fully truthful about their
adherence behaviours. For these reasons, self-reported adherence is expected to overestimate
adherence (Horne & Weinman, 2002; Vermeire et al., 2001) and the currently developed
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ProMAS is likely to suffer from this fundamental issue. Therefore, adherence scores might be
confounded by the willingness or ability of the participants to report their behaviour accurately.
Future research using the ProMAS could include a social desirability scale to investigate how
patients with different social desirability tendencies fill in the ProMAS.
Another limitation of the ProMAS is that, even though the scale includes items with a wider range
of item difficulty scores than previous scales, the scale could still be improved by including more
items with a high difficulty score (see Figure 2.2). In other words, the scale could be improved by
the addition of items that measure adherence behaviours that only a small portion of participants
will perform. Adding these items would allow for an easier discrimination between participants
and more precise scoring of highly adherent participants.
Based on the results of the current research, we believe that the ProMAS can improve the assessment
of medication adherence behaviour compared to existing self-report measures. Because the
scale, in contrast to existing self-report measures, only includes items that assess behaviour,
it is not confounded by beliefs, attitudes and intentions. We argue that these determinants are
important in view of medication adherence, but they should be assessed separately to prevent
that adherence behaviour and the underlying determinants are mixed into one score. Assessing
behaviour separately makes the ProMAS better suited to explore the determinants of nonadherence and their impact on adherence behaviour. However, future research should study
whether the increased variance provided by the ProMAS better accords with actual adherence
behaviour, for example by correlating the outcome with objectively measured adherence.
The ProMAS has been internally validated assessing a general tendency to be adherent in a
Dutch sample of elderly patients that were prescribed medication for various chronic conditions
and needs further validation in other samples. There is a need to test the applicability of the
ProMAS to the measurement of adherence to medication prescribed for specific illnesses, as
many adherence questionnaires are used to study specific illnesses. This will be the topic of the
next chapter.
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Applying the ProMAS to the measurement
of specific medication adherence
The cases of oral rheumatoid arthritis and breast cancer
medication
Chapter 2 addressed the need for a new cost-effective and reliable medication adherence
measure, by investigating the merits of a new self-reported adherence instrument (the ProMAS).
The ProMAS differentiates itself from current self-report adherence measures (such as the
MARS), because it includes a wide range of non-adherence behaviours, and takes into account
the differences in occurrence likelihoods of these behaviours. Results of Chapter 2 showed that
the ProMAS had better discriminative capabilities than the MARS, as shown by less skewed
adherence scores with more variance. The ProMAS, as presented in Chapter 2, assessed a general
tendency to be adherent to the total set of medication taken by a patient. The studies in the current
chapter studied the applicability of the ProMAS to the measurement of medication adherence to
medication prescribed for specific illnesses based on two case studies: oral rheumatoid arthritis
medication and oral breast cancer medication.
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3.1 The measurement of specific medication adherence
The ProMAS proposed and described in Chapter 2 assessed a general tendency to be adherent
to the total set of medicines taken by a patient (the vast majority of the patients took more than
1 medication). However, many researchers are interested in assessing medication adherence
to medication for specific illnesses, because researchers may want to study illness-specific
determinants or outcomes of non-adherence (Culig & Leppée, 2014; Hansen et al., 2009; Nguyen,
Caze, & Cottrell, 2013). For example, stigma may play a more prominent role in HIV medication
adherence and less so in hypertension, whereas lack of symptoms may play a more prominent
role in adherence to hypertension medication.
Earlier studies assessed specific medication adherence using a variety of self-report measures,
including general instruments such as the MARS (Medication Adherence Report Scale; Horne &
Weinman, 2002), and specific medication adherence instruments, focusing on one specific illness
(Nguyen et al., 2013; Rolley et al., 2008). The Hill-Bone Compliance Scale (Kim, Hill, Bone, &
Levine, 2000), for example, was developed to assess adherence to hypertension medication. It
includes 14 items that assess forgetting, taking other patients’ high blood pressure pills, reduced
salt intake, and other hypertension adherence behaviours. The Medication Adherence Rating
Scale, developed by Thompson, Kulkarni, and Sergejew (2000), assesses medication adherence
in psychiatric patients. This instrument includes ten items assessing forgetting, carelessness,
skipping medication because of feeling better or worse, and beliefs.
The assessment of specific medication adherence is subject to the same issues as the assessment
of general medication adherence (Culig & Leppée, 2014; Nguyen et al., 2013). These issues entail
the incorporation of determinants of non-adherence in adherence scores and the derivation
of highly skewed adherence scores with limited variance. We argue that, the assessment of a
wider range of adherence behaviours, and taking into account the likelihood with which these
behaviours occur, could improve the assessment of specific medication adherence in a similar
manner as for general medication adherence. Therefore, the ProMAS could also be of use when
applied to the assessment of adherence to medication prescribed for specific illnesses.
To be able to apply the ProMAS to specific illnesses, three essential steps need to be taken. The
first step entails identifying the characteristics of the illness and medication to which medication
adherence is assessed. Adaptation of several items might be necessary to make the items fit the
regimen of the specific type of medication. For example, the item ‘I take my medicines exactly at
the same time every day’ should be altered when the medication is prescribed to be taken weekly
or as needed, and the item ‘I sometimes take less medicine than prescribed by my doctor’ is
irrelevant when it is impossible to alter the dose of the medication. In addition, the use of illness52
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specific items could be valuable in the assessment of specific medication adherence, and these
items could, therefore, be added to the original item set. For example, items assessing adherence
to specific intake or timing instructions (e.g., take with food or in the morning) may be relevant
for some types of medication. Another possibility is to remove items that might not be relevant
for a specific illness. For example, the item ‘I sometimes take more medicine than prescribed by
my doctor’ could be removed when it is expected that patients never take more medication than
prescribed.
The second step entails the wording of the ProMAS items. The items should explicitly refer to
the specific medication prescribed. For example, the item ‘In the past month, I forgot to take
my medicines at least once’ would become ‘In the past month, I forgot to take my hypertension
medicine(s) at least once’ in the specific hypertension ProMAS.
The third step entails testing the item set on fit with the Rasch model. In this step, it can be
assessed whether the reliability (i.e., internal consistency) of the specific ProMAS is sufficient,
whether the item set matches the patient’s behaviours, and whether each item fits the Rasch
model. These properties may be different from those of the general ProMAS because the ProMAS
is applied to one instead of multiple medicines. That is, performance likelihoods on the items
are expected to be lower for specific than for general medication adherence (e.g., it is more likely
that a person forgets one of many medicines than one specific medicine). As a consequence,
the specific ProMAS potentially loses discriminating power when most patients report being
adherent on the majority of the items. The addition of specific items with sufficient sensitivity
could solve this issue, when they show sufficient fit with the Rasch model. To be able to assess
whether the ProMAS is suitable to assess specific medication adherence, the ProMAS should be
applied to the assessment of adherence to medication prescribed for specific illnesses.
Additionally, in the analysis of the specific ProMAS, differences in local dependencies should
be taken into account. The items ‘I did not start taking my medicines’ and ‘I have completely
stopped taking my medicines’ cause local independence violations with all other items. That
is, when a patient stopped the medication (non-persistence) or did not start taking it (noninitiation), the patient is not taking medication at the moment, and cannot perform the remaining
(implementation) behaviours, such as forgetting. Therefore, the persistence and initiation
items should be analysed separately of the implementation items and these steps should not be
incorporated in one adherence score.
The current studies investigated the applicability of the ProMAS to the measurement of adherence
to specific medication. Two case studies were performed to test this applicability; the first study
assessed adherence to oral rheumatoid arthritis medication and the second study assessed
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adherence to oral breast cancer medication. Additionally, adherence scores were gathered using
the MARS questionnaire and Electronic Monitoring (EM; see Chapter 1 for a description). It was
expected that, as in Chapter 2, the ProMAS items would allow a reliable estimation of adherence
scores, using the Rasch model. Additionally, it was expected that the ProMAS, MARS, and EM
adherence scores would be correlated and that the ProMAS would provide less skewed data with
more variance compared to the data obtained with the MARS.

3.2 Study 3: Rheumatoid arthritis
Study 3 assessed the applicability of the ProMAS to the measurement of medication adherence
to oral rheumatoid arthritis (RA) medication. A sample of RA patients taking pills once a week
completed an adapted version of the ProMAS that assessed adherence to oral RA medication and
the MARS, and had their medication use monitored for a period of 16 weeks using EM. These
data were collected as part of the baseline measurement of a medication adherence intervention
study, not part of this dissertation, which will be reported elsewhere (Bernaert, 2014).

3.2.1 Method
Participants
Participants consisted of 89 patients taking Methotrexate pills once a week for rheumatoid
arthritis. Eight patients were excluded from the analysis because less than 12 weeks of EM data
was available, and another nine had incomplete ProMAS and MARS data. After exclusion, 72
patients remained.
Patients were recruited by the University Hospital Antwerp in Belgium. Patients were included
when they were diagnosed with RA, had been prescribed Methotrexate, sufficient in the Dutch
language, and were not demented. Age of the patients ranged from 18 to 84 (M = 60.35, SD
= 14.09). Of the 72 patients, 27 were male and 45 female, with education ranging from none
to university degree. Methotrexate had been prescribed for an average of 7.2 years (SD = 4.1).
Thirty-three patients were prescribed to take their medication all at once, 34 spread over one day,
and 5 had an altered regime. This study was approved by the ethical committee of the University
of Antwerp (B300201111744) and the Internal Committee Biomedical Experiments (ICBE) of
Philips Research.
Electronic pillbox monitoring
For a period of 16 weeks, patients’ medication-taking behaviour was monitored using the
Medication Event Monitoring System (MEMS®; AARDEX Ltd., Zug, Switzerland). This system
consists of a pill bottle of which the lid registers the time and date of every opening. Patients
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were instructed to fill the bottle with the Methotrexate pills and take them directly from the
bottle. Pills could either be taken once a week in one dose or in several doses spread out over
one day. For every week, patients were considered adherent when they opened the pillbox at
least once. When patients were not able to use the MEMS (e.g., due to a stay in a hospital or
holidays) adherence was coded as missing (based on an interview at the end of the study). An
average MEMS adherence rate was calculated as the percentage of weeks adherent, ranging from
0 to 100% (as in Van Camp, Huybrechts, Van Rompaey, & Elseviers, 2012; Van Camp, Vrijens,
Abraham, Van Rompaey, & Elseviers, 2014). A split-half reliability was calculated by correlating
adherence in the first eight weeks with adherence in the last eight weeks. This reliability was low
with a Kendall’s tau of 0.34.
Self-reported adherence
The ProMAS and MARS-5 (Horne & Weinman, 2002) questionnaires were used to assess selfreported adherence at the end of the 16 weeks EM measurement. The ProMAS items were adapted
to fit the weekly regimen and to measure adherence to Methotrexate only. For example, the item
‘I take my medication every day’ was adapted into ‘I take/inject my RA medicines every week’.
Additionally, four items were added to better assess adherence to the weekly regimen (total of 22
items; see Table 3.1 for all items included). ProMAS items were analysed using the Rasch model
(see Method section). MARS items were averaged to acquire an adherence score. For both scales,
higher scores represented better adherence rates. For the current sample, the MARS had a rather
low reliability (α = 0.61).
Additional questionnaires
The study included 10 other questionnaires, assessing the patient’s medical history, depression,
demographics, illness perceptions, healthy lifestyle, daily functioning, treatment selfregulation, disease activity, social support, and knowledge about medication and disease. These
questionnaires were not relevant to the current research question and are therefore not included
in the results section of this paper.

3.2.2 Results
The current section includes the results of Study 3. The analysis of the ProMAS items and
comparisons with other adherence measures was similar to those reported in Chapter 2. Firstly,
fit of the specific RA ProMAS with the Rasch model was determined. Secondly, dimensionality
tests were performed that assessed whether additional variance in the data can be described by
other dimensions, besides the latent variable derived with the Rasch analysis. Finally, the three
adherence measures were compared.
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Ik neem/spuit mijn reumamiddelen elke week op exact
hetzelfde tijdstip in.

Het komt wel eens voor dat ik mijn reumamiddelen op
een later tijdstip inneem/spuit dan normaal.

Ik neem/spuit mijn reumamiddelen soms in op een ander
moment dan voorgeschreven.

Timing

Timing

In het afgelopen jaar ben ik minstens 1 keer vergeten mijn
reumamiddelen in te nemen/spuiten.

Forgetting

Timing

Super-item: Timing

Afgelopen maand ben ik minstens 1 keer vergeten mijn
reumamiddel in te nemen/spuiten.

Forgetting

Super-item: Timing

Het is wel eens voorgekomen dat ik ben vergeten mijn
reumamiddelen in te nemen/spuiten.

Forgetting

Ik volg trouw het voorschrift van de arts wat betreft het
tijdstip van inname/inspuiting van reumamiddelen.

Super-item: Forgetting

>

>

Ik neem/spuit mijn reumamiddelen elke week op dezelfde
dag in.

Timingday

Timing

In the past year, I forgot to take/inject my RA medicines at
least once.

Ik neem/spuit mijn reumamiddelen soms een dag te laat
in.

Timingday

Super-item: Timing - day

I sometimes take/inject my RA medicines at a different
moment than prescribed.

It happens occasionally that I take/inject my RA medicines at
a later time than usual.

I take/inject my RA medicines exactly at the same time every
week.

I faithfully follow my doctors prescription concerning the
moment of taking/injecting my RA medicines.

In the past month, I forgot to take/inject my RA medicines at
least once.

It has happened at least once that I forgot to take/inject my
RA medicines.

Super-item: Forgetting

I take my RA medicines at the same day of the week.

I sometimes take/inject my RA medicines a day later than
prescribed.

It happens occasionally that I take/inject my RA medicines at
a different day than usual.

Super-item: Timing - day

Het komt wel eens voor dat ik mijn reumamiddelen op
een andere dag inneem/spuit dan normaal.

>

English (translated)

Dutch (original)

Timingday

Superitem

0.55

0.79

0.95

Item
difficulty

0.18

0.23

0.18

SE

1.04

1.10

0.88

Infit
MnSq

80.6

56.9

72.2

77.8

69.4

87.5

75

70.8

65.3

65.3

% adh

0.27*

0.28*

0.25*

-0.06

0.24*

0.26*

0.14

0.31**

0.27*

0.01

0.25*

0.25*

0.18

τ
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Super-item: Skipping doses

Het is wel eens voorgekomen dat ik mijn reumamiddelen
een week niet heb ingenomen/ingespoten.

Ik weet 100% zeker dat ik het afgelopen jaar alle
reumamiddelen die ik moest innemen, ingenomen/
ingespoten heb.

Als ik weg ben van huis, komt het wel eens voor dat ik
mijn reumamiddelen niet inneem/spuit..

Ik ben wel eens te laat geweest met het ophalen van mijn
reumamiddelen bij de apotheek.

Soms neem/spuit ik minder reumamiddelen in dan
voorgeschreven door mijn arts.

>

Skipping
doses

Skipping
doses

-

-

-

I sometimes take/inject less of my RA medicine than
prescribed by my doctor.

It has happened (at least once) that I was too late with filling
a prescription at the pharmacy.

When I am away from home, I occasionally do not take/inject
my RA medicines.

I am positive that I have taken/injected all the RA medication
that I should have taken in the previous year.

It has happened at least once that I did not take/inject my RA
medicines for a week.

Super-item: Skipping doses

English (translated)

-1.08

-0.90

-0.58

0.27

Item
difficulty

0.43

0.41

0.38

0.18

SE

1.21

0.88

0.90

1.21

Infit
Mnsq

88.9

87.5

84.7

65.3

72.2

% adh

0.17

0.16

0.23*

0.29*

0.29*

0.26*

τ

Table 3.1. Rheumatoid arthritis ProMAS items. Items are ordered based on item difficulties. Items with an asterisk in the correlation column had a significant
relationship with MEMS adherence.

Dutch (original)

Superitem
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ProMAS Fit statistics
The Rasch methodology was used to analyse the internal validity of the specific RA ProMAS
items with the Rasch model. To control for violations of local independence, several items were
collapsed into super items (see Chapter 2, and Table 3.1). Five items were not included in the
Rasch analysis because of local independence conflicts, and 17 items remained in the analyses.
The excluded items included the three items identified with local independence conflicts in
Chapter 2 and two additional items (‘I have completely stopped taking my RA medicines’ and
‘I did not start taking my RA medicines’). These latter two items created local independence
violations, because not starting or stopping the medication of interest influences responses on
the other items (e.g., not starting the medication would imply that the patient skipped all doses).
Results of the Rasch analysis identified two items that did not fit the model (i.e., ‘I sometimes
take more RA medicines than prescribed by my doctor’ and ‘I have never (temporarily) stopped
taking my RA medicines’). These items were excluded from further analysis. Rasch analysis on
the remaining 15 items indicated that adherence scores could be estimated by the model with
a rather low separation reliability of 0.58 (see Chapter 2 for interpretation) and a sufficient
Cronbach’s alpha of 0.77. For only four out of 72 patients (5.6% of the total sample) the model
prediction did not fit the data (based on z values >= 1.96). Fit scores could not be calculated for
14 patients (19%) because they did not report to be non-adherent on any of the items. Fit scores
for the 15 items all fell within an acceptable range. Infit mean squares ranged from 0.88 to 1.21
and outfit mean squares from 0.50 to 1.07 (see Chapter 2 for more information on fit statistics).
Dimensionality tests
All items sufficiently fitted the Rasch model, and therefore it could be concluded that they all
tapped into one dimension (adherence to oral anti-rheumatoid arthritis medication). A PCA was
performed to assess whether additional variance could be explained by a second dimension, after
extraction of the Rasch dimension. Empirically, the Rasch model explained 53.5% of the variance
in the data, which is close to the 55.4% expected explained variance if the data would fit perfectly
(see Chapter 2 for more information on explained variance in Rasch analysis). The first contrast
would explain an additional 13.5% of the variance with an eigenvalue of 2.0, which is more than
expected if caused by error variance. Items scoring high on this contrast were related to timing,
whereas items scoring low on this contrast were related to skipping doses.
Comparison adherence measures
EM scores ranged from 0 to 100%, with a mean of 94.7% adherence (SD = 14.4) and a median
of 100. About 70% of the patients, 49 out of 72, had a maximum EM adherence score (100%).
The specific rheumatoid arthritis ProMAS with 15 items provided sum scores ranging from 2 to
15, with a mean of 11.2 (SD = 3.8) and a median of 13. Almost 20% (14 patients) had a maximum
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adherence score of 15. MARS scores ranged from 2.4 to 4.0, with a mean of 3.8 (SD = 0.33) and a
median of 4.0. Forty-seven patients (65%) had a maximum adherence score of 4.0.
Correlations were calculated to compare the three adherence measures. Correlations were
chosen because all three measures were designed to provide continuous outcomes (i.e., the
extent to which a patient takes medication as prescribed by the physician, which is the most
often used definition of medication adherence; WHO, 2003). Furthermore, as discussed in the
general introduction of this thesis, cut-off points for adherence measures are arbitrary, making
discriminant analyses more difficult to perform. Especially for the newly developed ProMAS,
there is no evidence to which cut-off point should be preferred.
Kendall’s tau (τ) was used to calculate correlations between the adherence measures. This nonparametric statistic was chosen because the data were skewed and contained several extreme
outliers. In comparison with Spearman’s rho, Kendall’s tau is considered to be more accurate
and should be preferred especially with low sample sizes and a large number of tied ranks (Field,
2009). The value of Kendall’s coefficient is generally lower than Spearman’s, which should be
taken into account in the interpretation of the coefficients.
Correlations were calculated to test the expectation that adherence scores derived from the
ProMAS, MARS, and EM were related. As expected, the ProMAS adherence scores correlated with
the MARS scores τ = 0.46, p < .001), and the EM adherence scores were moderately correlated to
both the scores obtained with the ProMAS (τ = 0.27, p < .01) and the MARS (τ = 0.34, p < .01).
The method by Lee & Preacher (2013) was used to compare these two correlations. This method
provides a z-score that takes into account the correlation between two dependent correlations.
The z-score indicated that the correlation between ProMAS and EM, and MARS and EM were not
significantly different (z = 0.59).
To test the expectation that the ProMAS provided less skewed adherence data with more
variance than the MARS, the skewness and kurtosis of the adherence scores were calculated.
The ProMAS-15 sum scores were significantly skewed (z = -3.42), but did not have a significant
kurtosis (z = 0.36). The MARS scores were significantly skewed (z = -10.81) and had a significant
kurtosis (z = 16.85). Similarly, the EM scores were significantly skewed (z = -17.90) and had a
significant kurtosis (z = 52.81). The adherence distributions of all three measures can be found in
Figure 3.1. The distributions were compared to a normal distribution by performing a ShapiroWilk test. All distributions differed from normality (p < .001), but as in Chapter 2, the ProMAS
scores were closest to normality (S-W ProMAS = 0.86, MARS = 0.57, EM = 0.40; see Table 3.2).
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Figure 3.1. Distributions of the frequencies of the adherence scores assessed with the MEMS, MARS,
ProMAS with all 22 items included, and ProMAS with 15 items included of Study 3.

Shapiro-Wilk statistic

Skewness (z-score)

Kurtosis (z-score)

MEMS

0.395 (p < .001)

-17.90

52.81

MARS

0.565 (p < .001)

-10.81

16.85

ProMAS-15 Sum score

0.862 (p < .001)

-3.42

0.36

Table 3.2: Normality tests for the different adherence measures Study 3 (RA sample)
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3.2.3 Discussion
Study 3 investigated the applicability of the ProMAS to the assessment of adherence to oral
RA medication. As expected, most items fitted the Rasch model, indicating a unidimensional
construct. Additional variance could be explained by the first contrast because the timing items
were correlated. Future research, with a larger sample, should be conducted to further explore
this dimensionality. The reliability of the scale (i.e., internal consistency) was only moderate
and the scale contained various non-adherence behaviours that were performed by only a small
proportion of the patients. This resulted in a skewed distribution and a proportion of patients
with a maximum adherence score.
Despite these possibilities for improvement, adherence scores derived from the ProMAS had
better distributional properties (i.e., less skewness and more variance) and internal consistency
than those derived from the MARS and EM. Both the MARS and EM had a rather low reliability.
Additionally, many patients acquired a maximum adherence score on these latter measures,
whereas the ProMAS was better capable of differentiating between these patients with high
adherence scores. As expected, ProMAS, MARS, and EM adherence scores were correlated. The
ProMAS and MARS were correlated to a similar degree to EM.
Study 3 indicated that the ProMAS can be applied to the measurement of adherence to oral RA
medication and provided data with better distributional properties than the MARS. As different
illnesses have different characteristics (and different adherence levels), the ProMAS should be
applied to different illnesses to provide more information on the applicability of the ProMAS
to specific medication adherence. Therefore, a second case-study was performed that assessed
adherence to oral breast cancer medication.

3.3 Study 4: Oral breast cancer
Study 4 assessed the applicability of the ProMAS to the measurement of adherence to oral breast
cancer medication, with a similar set-up and analyses to Study 3. A sample of patients taking
hormone pills for breast cancer completed both an adapted version of the ProMAS that assessed
adherence to oral breast cancer medication and the MARS. Additionally, EM data were collected
over a period of 12 weeks. These data were collected as part of the baseline measurement for a
medication adherence intervention study, not part of this dissertation. Results of the intervention
study will be reported elsewhere (de Cuyper, 2014).
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3.3.1 Method
Participants
One-hundred-and-eight women taking hormone pills for breast cancer participated in the study.
Eight patients were excluded because less than 12 weeks of EM data were available, and another
16 had incomplete ProMAS and MARS data. After exclusion, 84 patients remained.
Patients were recruited by the University Hospital Antwerp in Belgium. Patients were included
who were diagnosed with breast cancer, were prescribed Anastrozole, Letrozole, Nolvadex, or
Exemestane; were at least 18 years of age, sufficient in the Dutch language, capable of taking
their medication without help, and were not demented. Age of the patients ranged from 30 to 80
(M = 60.05, SD = 11.14). Education levels ranged from no education to university degree. Oral
hormone medication had been prescribed for an average of 2.16 years (SD = 1.03). This study
was approved by the ethical committee of the University of Antwerp (B300201111744) and the
Internal Committee Biomedical Experiments (ICBE) of Philips Research.
Electronic pillbox monitoring
EM data were collected for a time period of 12 weeks using MEMS. Patients took their pills once
a day. For every day, patients were considered adherent when they opened the pillbox at least
once. An average adherence rate was calculated as the percentage of days adherent, ranging from
0 to 100%. Calculations, handling of missing data, and instructions were similar to Study 3. The
split-half reliability of the MEMS (first 6 weeks correlated to the final 6 weeks) was rather low
with a tau of 0.52.
Self-reported adherence
Self-reported medication adherence was measured with the ProMAS and MARS-5 (Horne &
Weinman, 2002) questionnaires at the end of the EM period. The ProMAS items were adapted to
fit the measurement of adherence to oral hormone medication (i.e., ‘my medicines’ was replaced
by ‘my hormone pills’, see Table 3.3). ProMAS items were analysed using the Rasch model. MARS
items were averaged to acquire an adherence score. For both scales, higher scores represented
better adherence rates. For the current sample, the MARS showed a very low reliability (α =
0.063).
Additional questionnaires
The same set of questionnaires was included as in Study 3.
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Ik weet 100% zeker dat ik afgelopen jaar
alle hormoonpillen die ik moest innemen,
ingenomen heb.

Het is wel eens voorgekomen dat ik mijn
hormoonpillen een dag niet heb ingenomen.

Super-item: Forgetting

Het is wel eens voorgekomen dat ik ben
vergeten mijn hormoonpillen in te nemen.

In de afgelopen maand ben ik minstens 1 keer
vergeten mijn hormoonpillen in te nemen.

Als ik weg ben van huis, komt het wel eens
voor dat ik mijn hormoonpillen niet inneem.

Soms neem ik minder hormoonpillen in dan
voorgeschreven door mijn arts.

Ik ben wel eens te laat geweest met het ophalen
van mijn hormoonpillen bij de apotheek.

Skipping doses

>

Forgetting

Forgetting

-

-

-

It has happened (at least once) that I was too
late with filling my hormone pill prescription
at the pharmacy.

I sometimes take less hormone pills than
prescribed by my doctor.

When I am away from home, I occasionally
do not take my hormone pills.

In the past month, I forgot to take my
hormone pills at least once.

It has happened at least once that I forgot to
take my hormone pills.

Super-item: Forgetting

It has happened at least once that I did not
take my hormone pills for a week.

I am positive that I have taken/injected all
hormone pills that I should have taken in the
previous year.

Super-item: Skipping doses

English (translated)

-5.89

-4.73

-2.53

4.18

8.98

Item
difficulty

1.19

0.99

0.75

0.49

0.59

SE

1.62

0.33

0.60

1.06

0.86

Infit
MnSq

98.8

97.6

94

89.3

73.8

73.8

70.2

% adh

0.18

0.21*

0.27**

0.32**

0.21*

.23*

0.22*

0.22*

.22*

τ

Table 3.3. Oral breast cancer medication ProMAS items. Items are ordered based on item difficulties. Items with an asterisk in the correlation column had a
significant relationship with MEMS adherence.

Super-item: Skipping doses

Skipping doses

Dutch (original)

>

Super-item

Applying the ProMAS to the measurement of specific medication adherence

Chapter 3

3.3.2 Results
The current section includes the results of Study 4. The analysis of the ProMAS items and
comparisons with other adherence measures was similar to those reported in Chapter 2. Firstly,
fit of the ProMAS with the Rasch model was determined. Secondly, item invariance tests were
performed to compare different versions of the ProMAS. Thirdly, dimensionality tests were
performed that assessed whether additional variance in the data can be described by other
dimensions, besides the latent variable derived from the Rasch analysis. Finally, the three
adherence measures were compared.
ProMAS Fit statistics
The Rasch methodology was used to analyse 13 ProMAS items (18 original items minus the five
items with local independence violations identified in Study 3). Eight items were collapsed into
three super items (see Table 3.3).
Results of the Rasch analysis identified five items that did not fit the model (‘I have never
(temporarily) stopped taking my hormone pills’, ‘I faithfully follow my doctor’s prescription
concerning the moment of taking my hormone pills’, ‘I take my hormone pills exactly at the same
time every day’, ‘It happens occasionally that I take my hormone pills at a later time than usual’,
and ‘I sometimes take my hormone pills at a different moment than prescribed’) and one item
was not endorsed by any patient (‘I sometimes take more hormone pills than prescribed by my
doctor’). These items were excluded from further analysis. Rasch analysis on the remaining seven
items indicated that adherence scores could be estimated by the model with a high separation
reliability of 0.83 and a rather low Cronbach’s alpha of 0.56. For only three out of 84 patients
(3.6% of the total sample) the model prediction did not fit the data. Fit statistics could not be
calculated for the 52 participants with a maximum adherence score. Fit scores for the seven items
all fell within an acceptable range. Infit mean squares ranged from 0.33 to 1.62 and outfit mean
squares from 0.06 to 1.33.
Item invariant ordering
To test whether the item difficulty scores were independent of disease type (i.e., had the same
item ordering), the item difficulty scores of Study 3 and Study 4 were compared. Items that were
differently phrased (because of the weekly regimen of the RA medication) were not included.
Item difficulty estimates were highly similar (r = 0.90) and all items fell within 95% confidence
intervals. Additionally, item invariance was assessed between the general ProMAS (Study 2) and
the oral breast cancer specific ProMAS (Study 4). Again, item difficulty estimates were highly
similar (r = 0.89) and all but one item fell within the 95% confidence intervals (‘I take my
medicine at exactly the same time every day’).
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Dimensionality tests
All items sufficiently fitted the Rasch model, and therefore it could be concluded that they
all tapped into one dimension (adherence to oral hormone medication). To assess whether
additional variance could be explained by a second dimension, after extraction of the Rasch
dimension, a PCA was performed on the residuals. Empirically, the Rasch model explained
85.4% of the variance in the data, which is close to the 83.6% expected explained variance if the
data would fit perfectly. The first contrast would explain an additional 6.6% of the variance with
an eigenvalue of 2.3. Items scoring high on this dimension were related to skipping doses or
taking less medication, whereas items scoring low on this dimension were related to forgetting
or failing to fill a prescription on time.
Comparison between adherence measures
EM adherence scores ranged from 6 to 100%, with a mean of 94.7% adherence (SD = 12.5), and a
median of 99.2%. Forty out of 84 patients had a maximum adherence score (100%). The 7-item
ProMAS provided sum scores ranging from 1 to 7, with a mean of 5.98 (SD = 1.64) and a median
of 7. Fifty-two out of 84 patients had a maximum adherence score of 7. MARS scores ranged
from 3.4 to 4.0, with a mean of 3.9 (SD = 0.13) and a median of 4.0. Fifty-eight out of 84 had a
maximum adherence score of 4.0.
To test the expectation that the ProMAS, MARS, and EM adherence scores were related,
correlations were calculated. As expected, the ProMAS and MARS adherence scores were
correlated (τ = 0.627, p < .001), and the EM adherence scores correlated with both the scores
obtained with the ProMAS (τ = 0.238, p < .01), and the MARS (τ = 0.309, p < .01). These
correlations were not significantly different (z = 0.776).
To assess the distributional properties of the three adherence measures, the skewness and
kurtosis of the adherence scores were assessed. Adherence scores derived from the ProMAS,
MARS, and EM were all significantly skewed and had a significant kurtosis (see Table 3.4).
The distributions were compared to a normal distribution by performing a Shapiro-Wilk test.
All distributions differed from normality (p < .001). The adherence distributions of the three
measures can be found in Figure 3.2.
Shapiro-Wilk statistic

Skewness (z-score)

Kurtosis (z-score)

MEMS

0.456 (p < .001)

-18.60

59.31

MARS

0.632 (p < .001)

-6.47

5.07

ProMAS-7 Sum score

0.679 (p < .001)

-5.84

2.42

ProMAS-18 Sum score

0.884 (p < .001)

-4.05

1.04

Table 3.4: Normality tests for the different adherence measures Study 4 (breast cancer sample)
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Figure 3.2. Distributions of the frequencies of the adherence scores assessed with the MEMS, MARS,
ProMAS with all 18 items included, and ProMAS with 7 items included of Study 4.

3.4 Discussion
In Chapter 2, the ProMAS assessed a general tendency to be adherent to the total set of medicines
prescribed to the patient. The goal of the current Chapter was to study the applicability of the
ProMAS to the measurement of specific medication adherence. Two case studies were performed;
the first study assessed adherence to oral rheumatoid arthritis medication and the second study
assessed adherence to oral breast cancer medication. Results indicated that 15 out of 17 items fit
the Rasch model in Study 3 and seven out of 13 items in Study 4. Results further indicated that
both the ProMAS and the MARS were correlated to EM adherence, as expected. The current
section assesses whether the ProMAS is a reliable measure by discussing the item fit of the
ProMAS, the item range, the reliability of the three adherence measures, and the comparison of
the three adherence measures in the current studies.
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3.4.1 Item fit
Results indicated that not all ProMAS items fitted the Rasch model and these items were not
included in the adherence score. Two items had insufficient fit with the model in Study 3 and
five in Study 4. The item ‘I sometimes take more medicines than prescribed’ had a misfit and
the behaviour was only performed by a few patients in Study 3 and was not performed by any
patient in Study 4. This item assesses a form of non-adherence that is rare and relatively different
from all other items assessed (i.e., other items focus mainly on taking less or at a different time),
and that might be especially relevant for diseases with certain characteristics. The probability
of taking more medication by a patient may be fairly low, when no immediate relief is provided
by the medication, the disease is asymptomatic, or when adverse effects occur after taking the
medication. Therefore, this item may not be relevant for the assessment of adherence to several
chronic illnesses. Results of Chapter 2 corroborate these findings, as this item had the lowest
difficulty score of all the ProMAS items (i.e., only a small proportion of patients was non-adherent
on this behaviour). Therefore, this item should be analysed before inclusion in the calculation of
adherence scores.
A second item that did not fit the model in both studies, was the item stating ‘I have never
(temporarily) stopped taking my medicines’, even though this item could be relevant to both
RA and breast cancer medication. A possible reason for this misfit could be the wording of this
item (i.e., it was the only item included in the analysis that included a negation). However, the
same wording was used in Chapter 2, where the item did fit the model. One difference between
these studies, that could have influenced the precision and speed with which the ProMAS was
answered, was the number of questionnaires that patients were required to fill in. The studies
described in Chapter 2 took much less time to complete than the studies in the current chapter.
However, no influence of less precision was found on the other items. Future research should
study this item further, to check whether it needs to be rephrased.
Finally, the four items that were related to the timing of medication intake (‘I faithfully follow
my doctors prescription concerning the moment of taking my medicines’, ‘I take my medicines
exactly at the same time every day/week’, ‘It happens occasionally that I take my medicines
at a later time than usual’, and ‘I sometimes take my medicines at a different moment than
prescribed’) did fit the model for the RA group, but not for the breast cancer group. A potential
explanation may be that medicines differ to the extent that their effectiveness is dependent on
the time of medication intake. Some medication should be taken within a strict time frame,
and others according to strict intake prescriptions (e.g., before breakfast). For other types of
medication, timing is not constrained to a specific moment of the day. Even though timing
items in an adherence questionnaire could be more or less influential on the effectiveness of the
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medication, these items do indicate a level of precision or habit regarding taking medication.
Taking medication every day at the same time would indicate a stronger habit, which could result
in less forgetting or skipping of doses. It is unclear from the current studies why timing items
fitted the model in Study 3, but not in Study 4. More research is needed to study the fit of the
timing items in other disease groups.

3.4.2 Item range
Results of both studies indicated that the specific ProMAS covered a wider range of adherence
behaviours performed by the patient than the MARS. This property of the specific ProMAS, which
was also found in the general version, allows for a better discrimination between highly adherent
patients. However, the current studies do not provide evidence that better discrimination
between participants results in a better scale. Future research should assess to what extent the
improved distributional properties will result in clinically relevant adherence differences that
can be related to outcomes.
Furthermore, the specific ProMAS could be improved by the addition of non-adherence
behaviours that are performed by more patients. In Study 4, only seven items were used to
estimate adherence scores. More (sensitive) items would allow for a more sensitive adherence
measure that would provide less skewed adherence scores with more variance. However, when
the patients in this sample were indeed fully adherent, there might not be a possibility to add
more sensitive items and to differentiate between the highly adherent patients.

3.4.3 Reliability
The internal consistency of all adherence measures in the current studies was moderate to low.
In Study 3, the ProMAS had a moderate and the MARS a rather low reliability. Both reliability
scores were lower than in previous studies (Chapter 2, Garfield, Clifford, Eliasson, Barber, &
Willson, 2011). In Study 4, the reliability of the ProMAS was moderate, but the reliability of the
MARS was extremely low. The cause of this low MARS reliability was the lack of variance in four
MARS items. Only one item (‘I forget my medicines’) caused most of the variance in the MARS
scores.
Furthermore, the split-half reliability of the EM data was rather low. EM is often considered the
most accurate adherence measure, but, to our knowledge, reliability of the adherence scores is
hardly reported (e.g., Riekert & Rand, 2002, only reported on the reliability of the technology
itself). Therefore, we do not know whether our low reliability scores are an exception. Two factors
in the current studies could have negatively influenced the split-half reliability.
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Firstly, the current studies collected EM data over a relatively short time period. Generally, EM
adherence data are assumed to become more reliable when assessed over a longer period of time
(Vrijens et al., 2012). However, EM data were collected for only 16 weeks in Study 3 and 12 weeks
in Study 4. Additionally, the RA medication in Study 3 was only taken once a week, and therefore,
the adherence scores were based on only 16 measurement points. A longer measurement period
in future studies might improve the reliability of EM measures and is recommended for future
studies.
Secondly, the EM adherence data in the current studies were highly skewed, and average
adherence levels were very high (mean adherence rates of 94% and median adherence rates
around 100%). These high adherence rates are conflicting with previous research, that has found
lower adherence rates for both illnesses. For RA medication, mean adherence rates between
30 and 80% have been reported (assessed using refill data, EM and self-report; van den Bemt,
Zwikker, & van den Ende, 2012). For oral hormonal cancer medication, mean adherence rates
between 58 and 93% have been reported (Murphy, Bartholomew, Carpentier, Bluethmann, &
Vernon, 2012). Potentially, the high level of adherence could have influenced the reliability of the
EM data. Future studies, comparing the ProMAS with EM, should be conducted in samples with
a known low level of adherence, to assess to which extent less skewed data would result in more
reliable measures.
The low to moderate reliability of the three adherence measures are likely to impact the
correlations between these measures, causing the correlations to appear lower than they are
(Schumacker, 1996). One other aspect that might have influenced the correlations between
EM and self-report is the time period over which adherence was measured. EM adherence was
assessed over a short period of time in both Study 3 and 4, while self-report adherence was
assessed as a general tendency to be adherent to the specific medication (i.e., over a longer period
of time). It is recommended for future research to assess adherence over the same time period
when comparing adherence measures. The ProMAS and MARS items can both be framed in such
a way that they assessed adherence over a specific time period.

3.4.4 Comparison between adherence measures
Unfortunately, a perfect reference standard for the validation of adherence measures does not
exist at this point in time (Culig & Leppée, 2014; Geest, Ruppar, Berben, Schönfeld, & Hill,
2014; Lehmann et al., 2014). The current studies compared the self-reported adherence data
with EM adherence data. EM adherence data have often been used as a reference standard
for validation purposes of adherence measures, because it is assumed to be the most reliable
method of indirect adherence assessment, despite its shortcomings. These shortcomings entail
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the possible influence of the assessment on adherence (Sutton et al., 2014; Wagner & GhoshDastidar, 2002), the lack of assessing whether the medication is actually taken and in what dose,
and the influence on patients’ routine (MacLaughlin et al., 2005; Wendel et al., 2001). Because
of these shortcomings, many researchers acknowledge that EM cannot be recognised as a golden
standard to measure medication adherence (Culig & Leppée, 2014; Geest et al., 2014; Lehmann
et al., 2014). Additionally, results of the current studies indicated a low to moderate reliability of
the EM adherence measures.
Despite these shortcomings, the ProMAS and MARS adherence scores were found to be correlated
to the EM data. These correlations were comparable to those in other studies. Previous studies
have reported correlations between self-reported and EM adherence that vary widely and are
often low (ranging from 0.24 to 0.87; Shi et al., 2010). The highest correlations found in a
meta-analysis by (Shi et al., 2010) were acquired from studies with low sample sizes (i.e., below
50 patients). Additionally, these high correlations were obtained with Pearson’s correlations,
despite that this statistic is not justified for the use with highly skewed distributions (as outliers
can greatly influence the statistics). Using the more appropriate non-parametric, rank-based
correlations, would most likely have led to much lower values in those studies (Field, 2009).
Even when correlations between self-reported adherence and EM adherence were low, selfreport measures have been found to be related to outcome measures (such as viral load) and
to similar determinants as EM adherence, in spite of only moderate correlations (e.g., Arnsten
et al., 2001; Wagner & Ghosh-Dastidar, 2002). Therefore, they have been proven to be valid
and useful measures, despite the lack of correlations with objective indirect measures. Direct
measures of adherence or illness outcomes, could provide more information on the ProMAS’
validity. Therefore, future research should compare the ProMAS to direct assessment of
medication adherence or to outcomes (e.g., viral load or blood pressure) to assess to what extent
the ProMAS is a valid measure.

3.4.5 Conclusion
Results of the current studies indicated that the ProMAS can be applied to the measurement of
adherence to medication prescribed for specific illnesses. The ProMAS could add value because
it assesses behavioural items only and includes a wider range of non-adherence behaviours than
current self-report measures. Thereby, it has better distributional properties and is more sensitive
to adherence level differences in patients that are highly adherent than the MARS. However, the
specific ProMAS could be improved by the addition of more sensitive items, should be applied to
a wider range of illnesses, and should be compared to outcome measures and determinants to be
able to further assess its validity.
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Associations with taking medication.
The previous chapters have introduced a new self-report measure to assess medication adherence
(the ProMAS). The current chapter investigates the underlying processes of medication adherence
and applies the ProMAS to assess medication adherence.
In Chapter 1, we argued that previous studies investigating the determinants of medication
adherence have focused mainly on the practical barriers that prevent patients to be adherent
and on cognitions in the form of beliefs that patients hold that make them decide not to take
their medication (Horne et al., 2013; Lehane & McCarthy, 2007; Wroe, 2002). Non-adherence
is therefore often assumed to be a consequence of either a deliberate decision or the lack of
capabilities and resources of the patient (Horne & Weinman, 1999), and the influence of affect is
largely ignored (Lehane and McCarthy, 2007).
As described in Chapter 1, affect has been shown to be a relevant predictor of behaviour in
many other behavioural domains (Breckler and Wiggins, 1989; Lawton et al., 2009; Trafimow
and Sheeran, 1998; Trafimow et al., 2004). Affect influences behaviour through two different
processes: a reflective process, by means of deliberate decisions, and an impulsive process
**This chapter is based on Kleppe, M., Lacroix, J. P. W., Ham, J. R. C. & Midden, C. J. H. (2015). “A necessary
evil”: Associations with taking medication and their relationship with medication adherence. Manuscript
submitted for publication.
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(As proposed by the Reflective-Impulsive Model; Strack and Deutsch, 2004). The basis of this
impulsive process is the spreading of activation of associations. Upon perception of a stimulus,
associations linked to this stimulus, including associations that are affective in nature, are
automatically activated and can influence behaviour through the tendency to approach or avoid
that stimulus (see Figure 4.1 for a schematic representation).
Cognitive Process

Cognitions

Intention

Medication
adherence

Associations

Avoidance
tendency

Affective Process

Figure 4.1. Schematic overview of reflective and affective
mechanisms underlying medication adherence. In the cognitive
process, cognitions influence behaviour through intentions. In
the affective process, associations influence behaviour through
avoidance tendencies.

Patients can have various associations with taking their medication. However, we are not
aware of studies that have investigated these associations. Examples of possible associations
are getting healthy, pain relief, negative side-effects, unnatural or being a patient. Several of
these associations may activate positive or negative affect. Negatively loaded associations with
taking medication may, through the activation of negative affect, activate an avoidance tendency
towards taking medication. This avoidance tendency in turn could decrease the likelihood of
taking medication. To better understand where non-adherence originates, it is important to gain
a thorough understanding of the processes involved and the associations held by patients with
regard to taking their medication.
In previous studies, such as in the energy domain, first associations were found to be correlated
with attitudes towards nuclear power plants and risk assessments of nuclear waste (Keller et
al., 2012; Slovic et al., 1991). In a similar fashion, first associations with taking medication
may shed light on antecedents of behaviour. However, to our knowledge, earlier research
has not investigated which associations patients have with taking their medication. Patients’
associations might provide valuable insights into specific affect that patients experience when
taking medication. These insights can be used for the development of interventions targeted at
improving medication adherence.
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Associations can be assessed using several methods (which will be described in Chapter 5). One
of these methods is self-report, for example by affective imagery (Keller et al., 2012; Leiserowitz,
2005; Slovic et al., 1991). In affective imagery, participants are asked to freely report the first
thing that comes to mind when they think about a stimulus (e.g., taking medication). Unlike
questionnaires that assess specific associations or beliefs, the reported associations in affective
imagery are unbiased and represent the most salient associations. Considering that the impulsive
system operates faster than the reflective system, these first associations are likely to contain
an affective component (Leiserowitz, 2005; Slovic et al., 2004; Strack and Deutsch, 2004;
Verplanken et al., 1998; Zajonc, 1984).
The study presented in the current chapter assessed and analysed associations that patients
reported regarding taking their medication.

4.1 Study 5: Associations with taking medication
The main goal of this study was to assess patients’ associations with taking their medication and
test whether these associations were related to self-reported adherence. It was expected that
patients reporting more negative associations had lower adherence rates than patients reporting
positive associations. Furthermore, it was expected that associations influenced medication
adherence through intentions and avoidance tendencies.

4.1.1 Method
Participants
In the present study, 525 patients taking medication for a chronic condition (diabetes,
cardiovascular diseases or hypertension) participated (301 male and 226 female). Participants
were recruited by a recruitment company (PanelClix, 2014). After completing the survey,
participants received a reward of 2 Euros. Participants’ age ranged from 18 to 88 (M = 58.1, SD
= 11.6). Education ranged from primary school to university degree. Sixty-one percent of the
participants had diabetes, 48 percent had a cardiovascular disease, 52 percent hypertension and
21 percent asthma or COPD. Seventy-one percent of the participants took medication multiple
times a day; the remaining participants took medication once a day. On average, participants
took 7.4 pills a day (SD = 5.3) and they had been taking prescribed medication for 12 years (SD
= 9.8). This study was approved by the Internal Committee Biomedical Experiments (ICBE) of
Philips Research.
Procedure and measures
In an online study (one session), participants were asked to complete several questionnaires.
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Medication adherence was assessed first. To reduce bias, affective imagery was assessed next
(it was not possible to go back to the previous questionnaires). Next, avoidance tendencies,
intentions, attitudes, beliefs about medicines, and several other questionnaires were assessed.
The following sections will describe these questionnaires in more detail.
Medication adherence
Medication adherence was assessed with the general ProMAS, consisting of 18 items with a
dichotomous response format, as described in Chapter 2. Adherence estimates were estimated
in logits, using Rasch analysis in Winsteps (Linacre, 2007). Higher scores represented better
adherence rates. Adherence rates were estimated with a sufficient reliability (person separation
reliability = 0.75 and Cronbach’s alpha = 0.83). All items fitted the model sufficiently (infit mean
squares ranged from 0.77 to 1.33, and outfit mean squares from 0.57 to 2.06).
Associations
Associations that patients have with taking their medicines were measured using affective
imagery (using a task based on Keller et al., 2012; Leiserowitz, 2005; Slovic et al., 1991). To
reduce potential biases, participants were asked to freely associate in the first step (‘If you think
about taking your medicines, what is the first word, image or thought that comes to mind?’).
In the second step participants were asked to indicate how positive or negative they evaluated
their own reported association on a seven-point scale ranging from extremely negative (-3) to
extremely positive (+3).
To analyse the content of the associations, categories were composed. The initial set of categories
was based on adherence literature (Horne et al., 2013; Krueger et al., 2005; Lehane & McCarthy,
2007). One rater categorized the first 50 responses based on the initial category set and added and
rephrased categories to better match the associations obtained. Then, three raters independently
categorized each of the reported associations into 16 categories. In all cases of disagreement, the
raters discussed until agreement was reached. For those associations that did not fit any of the
categories, a new category was formed. Also, where categories were considered to be too much
overlapping, they were merged into one. This resulted in a set of 12 categories (See Table 4.1).
Avoidance tendency
Avoidance tendency was assessed using 12 statements (e.g., ‘I’d rather avoid my medicines’ and
‘I feel aversive towards my medicines’). Participants indicated their agreement on a five-point
scale, ranging from not at all to to a very high extent. By averaging the items, we constructed
a reliable measure for avoidance tendency towards participant’s own medication (α = 0.86), on
which higher scores represent a stronger tendency to avoid medication.
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Intention
Participants were asked to indicate whether they were planning to take their medication exactly
as prescribed on a 5-point scale ranging from very unlikely to very likely. Higher scores represent
higher intentions to be adherent.
Attitude
Attitudes towards taking medication were assessed using a bipolar adjective scale with a sevenpoint scale. The scale consisted of 16 words related to the cognitive and affective components
(e.g., useless-not useless and annoying-not annoying). Scores were averaged to provide a reliable
measure for both cognitive and affective attitudes (α = 0.92 & 0.91 respectively). Higher scores
represent a more positive cognitive or affective attitude.
Beliefs about medicines
Beliefs about medicines were assessed using the specifics sub-scale of the Beliefs about Medicines
Questionnaire (BMQ; Horne, Weinman, & Hankins, 1999). This questionnaire consists of ten
statements regarding beliefs about the medication that participants are taking. Participants
were asked to indicate how much they agreed or disagreed with each of the statements on a
5-point scale ranging from disagree to agree. Scores were averaged to produce a reliable score
for necessity beliefs (higher scores indicated higher necessity beliefs; α = 0.86) and concerns
(higher scores indicate higher concerns; α = 0.76).
Additional measures
An informed consent form and several additional questionnaires were part of the survey. These
questionnaires were not relevant for the present analysis and will therefore not be included in the
Results section of this chapter. These data will be described in Study 7 of Chapter 5.

4.1.2 Results
This section first describes the content of the associations, and the categories that were formed
based on these associations. Next, we present adherence rates per category, and correlations
between the affective ratings and medication adherence behaviour.
Content of the associations
Of the 525 participants, 93 (17.7%) provided an association that was categorised as a description
of (taking) their medication (see Figure 4.2 for an overview of the categories). “Water”,
“swallowing”, “(with) food”, or “pills” are examples of the associations mentioned by participants.
Overall, participants in this category evaluated their association positively (M = 1.09, SD = 0.19).
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Category
Description
Routine
Necessity
Positive effects
Negative affect
No association
Unclear
Other

Figure 4.2. Pie chart of the eight largest categories in Study 5. Associations that were freely reported by
participants were categorised into categories based on their content by three independent raters.

Seventy-nine participants (15%) provided an association that was categorized as negative affect
(i.e., included a feelings aspect, e.g., “Bah!”, “misery”, “Pfffffft!”, “again those rotten medicines”,
and “annoying”). Average evaluations were negative (M = -0.95, SD = 1.12).
Sixty-three participants (12%) provided an association that was categorized as routine-related.
For example: “automatic”, “I do it without thinking”, “daily routine”, or “regular”. On average,
associations in this category were positively evaluated (M = 1.24, SD = 1.00).
Fifty-eight participants (11%) provided an association that was categorized as positive effects of
the medication (e.g., “Getting better”, “health”, “eases the pain”, “cure”, or “it is good for me”).
Average evaluations were positive (M = 1.41, SD = 1.06).
Fifty-seven participants (10.9%) did not mention a specific association. For example, they replied
“none”, “I think of nothing”, “no idea”, or “nothing”. Average evaluations were neutral (M = 0.31,
SD = 1.09).
Fifty participants (9.5%) provided an association that was categorized in the necessity category
(e.g., “Need”, “necessity”, “important”, and “discipline”). On average, evaluations of these
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associations were positive (M = 1.06, SD = 1.24).
Twenty-five participants (4.8%) provided an association that was categorized as forgettingrelated (e.g., “do not forget”, or “Sometimes I forget”). Evaluations were neutral (M = 0.28, SD
= 1.43).
Twenty-four participants (4.6%) provided an association that was categorized as a negative
aspect of illness or medication. Examples of associations mentioned in this category are “illness”,
“pain”, “side-effects”, “poison”, or “patient”. Average evaluations were negative (M = -1.17, SD =
0.94).
Eighteen participants (3.4%) provided an association that was categorized as obligation (e.g.,
“have to”, “no choice”, or “Obligation”). Evaluations were neutral (M = 0.28, SD = 1.64).
Seventeen participants (3.2%) provided an association that was categorized as ambivalence.
Associations in this category consisted of an affective statement combined with a statement about
the necessity (e.g., “Necessary evil”, “Sucks that it is necessary”, and “Unpleasant obligation”).
The statements were negatively evaluated (M = -0.82, SD = 0.81).
Only eight participants (1.5%) expressed a form of doubt in their answer, such as “is it really
necessary?”, or “do I need that many?”. Average evaluations were neutral (M = 0.13, SD = 1.46).
Thirty-four participants (6.3%) were not categorised, as all three raters agreed that more
information was necessary to be able to categorise their answers. Many of these items (for
example “many”) could be interpreted in different ways. Average evaluations in this category
were slightly more positive than the average (M = 0.56, SD = 1.35).
Categories of associations and how they related to medication adherence and
other measures
We tested whether the associations reported were related to adherence behaviour. Adherence
scores varied over the different categories (F(11,524) = 3.58, p <.001; see Table 4.1 for adherence
scores per category). Adherence scores were highest for participants whose associations were
categorized as necessity, followed by those categorized as routine, no associations or positive
effects. Adherence scores were lowest for participants categorized as negative affect, followed by
obligation, doubt, negative aspect of illness or medication, and ambivalence.
To create a more thorough understanding of the associations, they were related to beliefs about
medicines and avoidance tendencies. BMQ necessity scores did not vary over the different
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Category

N (%)

Adherence
(SE)

Affective
rating (SE)

Avoidance
tendency (SE)

BMQ
concerns
(SE)

BMQ
Necessity
(SE)

total

525
(100)

1.17

4.47

1.96

2.80

4.10

Description

93 (17.7)

1.16 (.16)

5.09 (.12)

1.86 (0.06)

2.78 (0.09)

4.20 (0.08)

Negative affect

79 (15)

.51 (.18)

3.05 (.13)

2.51 (0.10)

3.27 (0.10)

4.12 (0.09)

Routine

63 (12)

1.42 (.20)

5.24 (.15)

1.81 (0.07)

2.56 (0.12)

4.06 (0.10)

Positive effects

58 (11)

1.32 (.21)

5.41 (.15)

1.76 (0.08)

2.63 (0.12)

4.10 (0.10)

No association

57 (10.9)

1.44 (.21)

4.31 (.15)

1.81 (0.08)

2.54 (0.12)

3.87 (0.11)

Necessity

50 (9.5)

2.07 (.22)

5.06 (.16)

1.64 (0.08)

2.42 (0.13)

4.33 (0.11)

Unclear (missing)

33 (6.3)

1.01 (.27)

4.56 (.20)

1.84 (0.10)

2.67 (0.16)

4.10 (0.14)

Forgetting

25 (4.8)

1.02 (.32)

4.28 (.23)

1.82 (0.10)

2.67 (0.18)

4.05 (0.16)

Negative aspect
of illness or
medication

24 (4.6)

.76 (.32)

2.75 (.23)

2.31 (0.15)

3.34 (0.19)

3.96 (0.17)

Obligation

18 (3.4)

.57 (.37)

4.28 (.27)

1.99 (0.19)

3.14 (0.22)

4.10 (0.19)

Ambivalence

17 (3.2)

.91 (.38)

3.18 (.28)

2.33 (0.17)

3.38 (0.22)

4.00 (0.19)

Doubt

8 (1.5)

.70 (.56)

4.13 (.41)

2.47 (0.37)

3.28 (0.32)

3.92 (0.28)

Table 4.1: Number of participants, mean adherence rates, affect ratings, avoidance tendency, BMQ
concerns and BMQ necessity per category.

categories (F(11,524) = 1.13, ns). Overall, most participants rated their medication as highly
necessary, independent of their first associations (M = 4.1, SD = 0.80 on a range of 1 to 5).
In contrast, BMQ concerns did vary over the different categories (F(11,524) = 5.55, p < .001).
Participants with associations in the categories necessity and no associations had the lowest
concern scores, while participants reporting ambivalence, negative aspect of illness or medication
and negative affect had the highest concern scores (see Table 4.1).
Avoidance scores also varied over the different categories (F(11,524) = 9.25, p < .001; see Table
4.1). Participants who did not report an association had the lowest avoidance tendency, followed
by those reporting necessity or positive effects. Participants reporting negative affect and doubt
had the highest avoidance tendency.
Affect ratings
Average ratings were slightly positive (M = 0.47, SD = 1.44). Twenty-five percent (132 participants)
rated their associations as negative (ratings of -3 to -1), 30 percent neutral (159 participants;
ratings of 0) and 45 percent as positive (234 participants; ratings of 1 to 3).
As expected, positive affect ratings were correlated to higher self-reported medication adherence
(r = 0.29, p < .001). Positive affective ratings were also correlated to stronger necessity beliefs (r
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= 0.14, p < .001), fewer concerns (r = -0.36, p < .001), positive cognitive attitudes (r = 0.37, p <
.001), positive affective attitudes (r = 0.51, p < .001), lower avoidance tendency (r = -0.42, p <
.001), and stronger intentions to take medication as prescribed (r = 0.20, p < .001).
Next, we tested whether affective ratings were linked stronger to affective than to cognitive
variables related to medication adherence. As expected, Fisher’s z scores indicated that affect
ratings correlated stronger with concerns than with necessity beliefs (z = 3.78, p < .001), stronger
with affective attitudes than with cognitive attitudes (z = 2.82, p < .01) and stronger with
avoidance tendency than with intention (z = 3.96, p < .001).
To assess the path through which affect ratings influence medication adherence, we performed a
mediation analysis using the bootstrapping method by Preacher and Hayes (2004). Two possible
mediators were assessed, intentions (cognitive), and avoidance tendencies (affective). See Figure
4.3 for a graphical representation of the mediation effect. Avoidance tendency and intentions
Intentions
*
2*

0.1

0.
59
**

c = 0.32**

Affective
ratings

Medication
adherence

c’ = 0.14*
-0

.21

**

*

9*

Avoidance
tendencies

.4
-0

Figure 4.3. The direct and indirect effects of affect ratings on medication
adherence of Study 5. Affective ratings influenced medication adherence
through intentions and avoidance tendencies. ** indicates a significant
relationship (p < .01), * indicates a significant relationship (p < .05).

both partially mediated the relationship between affect ratings and medication adherence
(Bavoidance = 0.10, 95% CI: 0.060 – 0.15; Bintentions = 0.07, 95% CI: 0.039 – 0.12).

4.2 Discussion
The goal of Study 5 was to assess patients’ associations with taking their medication and test
whether these associations were related to self-reported adherence. Additionally, relations
were assessed with attitudes and avoidance tendencies for a more thorough understanding.
Participants taking medication for chronic conditions were asked to freely associate about taking
their medication. These associations were categorized into 12 categories. Results indicated that
79

Chapter 4

different associations corresponded to different adherence levels.
The lowest mean adherence rates were found in participants whose associations were categorized
as negative affect. Fifteen percent of the associations reported were placed in this category.
These results indicated that negative affect is an important barrier for medication adherence.
Participants in the negative affect category reported to have high concerns on the BMQ,
indicating that affect related to the moment of intake is at least partially related to long-term
affect (e.g., participants with concerns also experience negative affect at the moment of intake).
Future research should study to what extent these types of affect are related.
The highest mean adherence rates were found for participants whose associations were
categorized as necessity. Almost ten percent of the participants provided a first association in
this category. These results correspond with findings from earlier studies, where higher necessity
beliefs were found to correlate with better medication adherence (Horne et al., 2013). However,
our results indicated that when explicitly asked for necessity beliefs using a questionnaire, most
participants evaluated their medication as highly necessary, with only small differences between
participants in the different categories. These findings indicate that most patients in this sample
might hold positive necessity beliefs, but these beliefs might be more or less salient.
The second highest mean adherence rates were found for participants whose associative responses
were categorized as either routine or no association. Participants in the routine category provided
a routine or habit related answer, and participants in the no association-category said that they
did not think of anything or had no association with their medication. Together, these responses
were provided by almost 26 percent of the participants. The patients did not indicate specific
cognitions or affect in their responses. For both categories, it is likely that taking medication is
a habit that does not require cognitive thought and does not activate strong feelings. They take
their medication automatically as part of their routine. The routine-related responses showed
that participants associated their medication with the way that they take their medicines. For
the participants that could not provide an association, it might be the case that they do not
think about their medication that much. They might just take their medicines without thinking
about it. This would imply that medication taking has become a habit. Beliefs and feelings might
have influenced the formation of habits, but became less relevant over time. These findings are
consistent with previous research, which showed a strong correlation between adherence and
habits (Zogg et al., 2012).
A noteworthy finding from this study is that negative associations reported were mostly of an
affective rather than a cognitive nature, whereas positive associations were mostly cognitive in
nature. Two categories clearly include positive associations, namely positive effects and necessity
80

Association with taking medication

(together consisting of almost 21 percent of responses). These participants mentioned cognitions,
such as the positive effects of taking their medication. In contrast, negative associations
(categories: negative affect, negative aspect of illness or medication, ambivalence and doubt,
consisting of 24 percent of responses) consisted mostly of affective responses. These findings
were corroborated by the higher correlations between affect ratings and affective attitudes and
avoidance tendencies compared to cognitive attitudes and intentions. Dual-process models
suggest that cognitions mainly influence behaviour through a reflective process, whereas affect
mainly influences behaviour through an impulsive process (e.g., Strack and Deutsch, 2004). In
accordance with such an explanation, positive, cognitive associations with medication are most
likely to influence adherence through reflective processes (e.g., attitudes and intentions), while
negative affective associations are most likely influence adherence through impulsive processes
(e.g., an avoidance tendency).
An interesting difference in mean adherence rates was found between two categories of
associations that were both related to the need to take medication: necessity and obligation.
Participants whose associations were categorized as necessity were highly adherent, whereas
those whose associations were categorized as obligation had low adherence scores. For these
participants in the latter category, their motivation seemed to be external (e.g., through their
physician or spouse), while participants in the necessity category had a stronger internal
motivation. However, the obligation category in this study was rather small, and, therefore, more
research is needed to explore the differences in the effect of internal versus external motivation
on adherence behaviour.
A limitation of the present study is that the associations assessed were only the first associations
mentioned by participants. An advantage of this method is that these associations reported are
spontaneous, unbiased by guiding questions (such as a beliefs elicitation questionnaire) and
represent only the most salient, strong, and most easily accessible associations. A limitation of
this method is that the strength of the association reported is unknown and it is unknown which
other associations are held by the patient. Patients reporting the same association could have
differences in the strength of this association, and may hold a different set of associations. This
limits the extent to which conclusions can be drawn from the results of the study reported in this
chapter.
In conclusion, Study 5 has provided insights into the salient, first associations that patients have
with their medication. These associations seem to be related to concerns, avoidance tendency
and patients’ medication adherence behaviour. Thereby, this study provides insights into the
determinants of non-adherence, ultimately guiding the development of effective interventions.
This study has shown that many patients experience negative affect related to taking their
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medication and that medication adherence is relatively low in this group compared to the group
of patients not reporting negative affect. A limitation of this study is that affect is not studied
independently of other associations and the exact process through which it influences adherence
behaviour, therefore, remains unclear. Chapter 5 will further investigate the role of affect in
medication adherence by studying the underlying processes involved in determining behaviour.
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Chapter 5
A Dual-process View on Medication
Adherence
The Role of Affect
The results presented in Chapter 4 suggested that affect plays an important role in medication
adherence. They further suggested that there are two processes influencing behaviour: an
affective and a cognitive process. The current chapter studies to what extent these underlying
processes influence medication adherence.

5.1 Affect related to taking medication
In Chapter 1, we argued that most studies on the determinants of medication adherence focused
on cognitive factors, while the role of affect has been studied much less. Chapter 4 studied the
associations patients have regarding taking their medication (i.e., the first association that
came to mind). The results indicated that many patients experienced negative affect as a first
**This chapter is based on Kleppe, M., Lacroix, J. P. W., Ham, J. R. C. & Midden, C. J. H. (2015). A Dualprocess View on Medication Adherence: The Role of Affect. Manuscript submitted for publication.
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association with taking their medication. Interestingly, the group of patients (approximately
15% of the total sample) reporting negative affect as a first association had substantially lower
adherence scores than the rest of the patients, suggesting that affect plays an important role in
medication adherence behaviour. However, in this study we assessed affect indirectly through
first associations. This assessment did not allow for a more thorough analysis of the pathways
through which affect influences medication adherence for two reasons. Firstly, only the first
association was assessed, therefore it was unknown which other associations were held by the
patients. Secondly, the strength of this first association was not assessed. To gain a more accurate
understanding of the underlying processes that influence medication adherence, the studies
presented in the current chapter employed additional measures of affective responses.
Chapters 1 and 4 explained that affect and cognition influence behaviour through two different
mental processes (reflective and impulsive) and introduced one of the models that describes
these two processes: The Reflective Impulsive Model (RIM; Strack & Deutsch, 2004). To study
the underlying processes of medication adherence, the studies in the current chapter apply the
RIM to medication adherence. Figure 5.1 shows the hypothesised dual-process framework for
medication adherence, based on the RIM. In the reflective process, intentions are expected to
be formed to take medication as prescribed. Beliefs, such as necessity beliefs, are expected to
influence these intentions through the formation of cognitive attitudes. For example, the belief
that a medicine is necessary to maintain good health positively impacts the attitude towards
taking the medicine and subsequently increases the intention to take it. On the other hand,
the belief that a medicine does not work negatively impacts the attitude towards taking the
Cognitive Process

Beliefs
(concious thought)

Cognitive
attitude

Intention

Behavioural
schemata

Medication

Associations

Affective
attitude

(non) adherence

Avoidance
tendency

Affective Process

Figure 5.1: A dual-process framework of medication adherence, based on the Reflective-Impulsive Model
proposed by Strack & Deutsch (2004). A medication cue automatically activates associations in the affective
process. These associations can activate an affective attitude. In turn, a tendency to avoid medication
might be activated. In the cognitive process, medication might trigger beliefs (e.g., about the necessity
of medication). These beliefs will be incorporated in a cognitive attitude, which will in tern influence an
intention to take medication. Intentions and avoidance tendencies both influence behaviour through the
activation of behavioural schemata.
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medication and thereby decreases the intention to take it. Intentions are assumed to activate
behavioural schemata (e.g., to take the medication or to set an alarm; for more information, see
Chapter 1), that can in turn activate behaviour.
In the framework that we propose, the activation of behavioural schemata is influenced by
cognitive as well as impulsive processes. The impulsive process concerns an automatic influence,
where internal or external perceptual inputs activate associations (among which affect) in a fast
and automatic manner. These associations activate an affective attitude which eventually activates
a motivational orientation to approach or avoid a stimulus and this motivational orientation in
turn activates behavioural schemata. For example, the thought of medication might activate the
association of being a patient, a negative feeling and a negative affective attitude. This negative
affective attitude then activates a tendency to avoid the medicine, which triggers behavioural
schemata to avoid the medication, leading to the patient not taking the medication.
Following from the RIM, affect is activated automatically. The individual can become aware of
his or her affective response and activated associations. Therefore, affect can be assessed using
both implicit and explicit measures. Explicit measures assume that affect influences responses in
an intentional, conscious or controllable fashion (i.e., self-report). Self-reported affect measures
have been successfully applied in different areas (e.g., Breckler & Wiggins, 1989a, 1991; Trafimow
et al., 2004). However, self-report measures have been often criticized for the influences of social
desirability bias on responses and the fact that individuals can only report feelings of which they
are aware. For these reasons, implicit measures, that do not suffer from these limitations, have
increased in popularity in recent years (Gawronski & De Houwer, 2014).
Implicit affect measures assume that affect influences responses on a task in an automatic fashion
(De Houwer, Teige-Mocigemba, Spruyt, & Moors, 2009; Gawronski & De Houwer, 2014). A
variety of implicit measures has been proposed, of which the Implicit Association Test (IAT;
(Greenwald, McGhee, & Schwartz, 1998) is one of the most often used paradigms (Gawronski &
De Houwer, 2014). Methods such as the IAT assess response times to a categorisation task (Field,
Caren, Fernie, & De Houwer, 2011; Greenwald et al., 1998). These methods assess affect as an
association with evaluative stimuli, but can also be applied to assess other types of associations
that are not necessarily affective in nature. Alternative implicit paradigms make use of the
missattribution of affect to irrelevant stimuli, of which the Affect Missattribution Procedure
(AMP; Payne, Cheng, Govorun, & Stewart, 2005) is an example.
Implicit measures have the advantage that they can measure attributes of which participants
are unaware and they are less influenced by social desirability (Gawronski & De Houwer, 2014).
However, there is still a debate on the underlying processes that affect responses on implicit
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measures and the interpretation of these responses (Gawronski & Sritharan, 2010; TiegeMocigemba, Klauer, & Sherman, 2010). Explicit and implicit measures of affect are often
correlated, but discrepancies could be caused by multiple factors (Hofmann, Gschwendner,
Nosek, & Schmitt, 2005). Next to the influence of unawareness and social desirability on explicit
responses, these factors include, for instance, measurement error of both measures and the
influence of situational malleability on implicit responses. Therefore, it is often not clear which
measure is more appropriate for the assessment of affect towards a certain attribute.
Explicit measures of affect related to medication have been studied in the form of concern beliefs,
using the BMQ (Horne et al., 2013). However, the concerns construct consists of affective beliefs
that include both an affective and a cognitive component (e.g., the questionnaires assesses worry
about future side-effects). To our knowledge, only two published studies have included implicit
measures related to medication (i.e., Green et al., 2014, and Rüsch, Todd, Bodenhausen, Weiden,
& Corrigan, 2009). Both have used the IAT paradigm and assessed associations with medication
in comparison to a reference category (furniture, and alternative medicines). Results of the study
by Green and colleagues indicated that both explicit attitudes and implicit affective associations
were correlated and both predicted anticipated future use of complementary and alternative
medicine. Results of the study by Rüsch and colleagues indicated that explicit, but not implicit,
attitudes predicted self-reported medication adherence. Explicit and implicit attitudes in this
study did not correlate. Because results are still ambiguous, we argue that both implicit and
explicit measures of affect should be included to study affect related to medication adherence.
The goal of the studies in the current chapter was to understand the joint effect of cognitive
(reflective) and affective (impulsive) processes on medication adherence. This was tested by
employing a dual-process framework of medication adherence, based on the RIM. The framework
proposes that in the cognitive process, cognitions influence adherence through intentions, while
in the affective process affect influences adherence through avoidance tendencies. The main goal
of the first study in this chapter was to study whether affect influences medication adherence
independently of intentions. In the second study, measures of affect were improved based on
learnings for the first study, and the full dual-process framework was tested using a Structural
Equation Modelling approach. We expected that, just like in many other behavioural domains
(Bargh & Chartrand, 1999; Breckler & Wiggins, 1989b; Hofmann, Friese, & Wiers, 2008; Strack
& Deutsch, 2004; Trafimow & Sheeran, 1998), medication adherence behaviour would be
influenced by both processes (see Figure 5.1).
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5.2 Study 6: The effect of affective processes on medication
adherence
Next to the main goal of this study (assessing whether affect influences medication adherence
independently of intentions) the goal was to select the most appropriate instrument to
measure affective processes related to medication adherence. In this online study, participant’s
medication adherence and cognitions (attitudes, intentions, and beliefs) were assessed using
self-report scales. Affective processes were measured using several methods: self-report (affect
and approach-avoidance questionnaires) and implicit measures, to be able to select the measures
that were related to adherence behaviour. The implicit measures that were included in this study
are the Single-Category Implicit Association Test (SC-IAT) and Affect Misattribution Procedure
(AMP).
Based on the RIM (Hofmann et al., 2008; Strack & Deutsch, 2004), we expected that avoidance
tendency would influence adherence behaviour on top of the influence exerted by intentions.
That is, we expected that, when intentions and avoidance tendencies would be added to a
linear regression analysis, both would significantly influence medication adherence (p < .05).
Furthermore, based on the RIM, we expected that affect (implicitly as well as explicitly measured)
would influence medication adherence through avoidance tendencies (i.e., the affective,
impulsive process). That is, we expected that avoidance tendency would be a significant mediator
of the effect of affect on medication adherence (p < .05). Based on Horne and colleagues (2013),
and Horne, Weinman, and Hankins (1999), we expected that beliefs about medicines (necessity
and concerns) would influence adherence behaviour through intentions (i.e., the cognitive
process). That is, we expected that intentions would mediate the influence of both beliefs on
medication adherence (p < .05). We expected that the implicit and explicit measures of affect
would be correlated (p < .05), because previous studies found correlations between implicit and
explicit measures of affect (Dohle, Keller, & Siegrist, 2010; Greenwald et al., 1998; Greenwald,
Nosek, & Banaji, 2003; Hofmann, Gawronski, Gschwendner, Le, & Schmitt, 2005; Krieglmeyer
& Deutsch, 2010).

5.2.1 Method
Participants
In total, 151 participants took part in the online study. Inclusion criteria for the study were; being
prescribed pills daily for diabetes, cardiovascular diseases or hypertension. Participants were
recruited by a recruitment company (PanelClix, 2014). After completing the survey, participants
received a reward of 2 Euros. Participants were marked as outliers when no variation was observed
in their responses on the AMP or when more than ten percent of their responses was faster
87

Chapter 5

than 300 milliseconds in the ST-IAT (as proposed by Greenwald et al., 2003). After eliminating
outliers, 122 participants were included in the analysis (75 males and 47 females, mean age = 52.8,
SD = 14.1). Of these, 49 participants suffered from diabetes, 49 from cardiovascular diseases, 83
from hypertension, 27 from asthma, and 30 from other conditions. Eighty participants suffered
from more than one condition. Half of the participants (61) took medication once a day and
the other half took medication multiple times a day. Level of education ranged from primary
education to university degree. This study was approved by the Internal Committee Biomedical
Experiments (ICBE) of Philips Research.
Procedure
The study consisted of a single online session, which took about 30 minutes to complete.
Participants first agreed to the informed consent and were then asked selection questions
to assess whether they met our inclusion criteria. The study started with an assessment of
medication adherence, after which participants were automatically directed to Inquisit 4 web
(Millisecond Software, 2014). In Inquisit, participants completed the implicit measures STIAT and AMP. They were then directed back to a web page with questionnaires that assessed
avoidance tendency, affect, beliefs, attitudes, and intentions.
Measures
Self-reported medication adherence
To measure medication adherence we used the general ProMAS, described in Chapter 2. As in
Chapter 2, adherence estimates were calculated in Winsteps (Linacre, 2007). Adherence estimates
were reported in logits, and higher scores represented better adherence. Adherence rates were
estimated by the Rasch model with a sufficient reliability (person separation reliability = 0.72,
Cronbach’s alpha = 0.81). All items fitted the model sufficiently (infit mean squares ranged from
0.80 to 1.27 and outfit mean squares from 0.66 to 1.52).
Single-Target IAT
The first task to implicitly measure affect was the Single Target Implicit Association Task (STIAT), as described by Bluemke and Friese (2008) and Greenwald and colleagues (1998). The
ST-IAT is based on the Implicit Association Task (IAT) which measures the strength of automatic
associations using reaction times. In the IAT, two concepts (e.g., flowers and insects) are
compared to measure the strength of associations, whereas the ST-IAT only includes one concept
and does not include a reference category. In an IAT, words or images have to be categorised in
two blocks. These words or images include the concept(s) which are studied and the associations
(e.g., positive versus negative). Reaction times indicate whether the concept is categorised faster
together with the positive or negative stimuli. When reaction times are shorter, it is assumed that
a stronger association exists.
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In this ST-IAT, participants were asked to categorize positive (healthy, happy, good, effective,
favourable, useful, life, helpful, valuable, and fortunate), negative (sick, poison, useless, bad,
harmful, frustration, death, meaningless, annoying, and nasty) and medication related words
(pill, drug, medication, prescription, capsule, pharmaceutical, and medicine). They were asked
to categorise negative words on the right side of the keyboard (with the I key) and positive words
on the left side (with the E key). Participants were asked to categorise medication words using the
same key as the negative words in the first test block, and with the same key as the positive words
in the second test block (counterbalanced between participants). Participants were required to
categorise every word in the correct category, as quickly as possible. Wrong answers had to be
corrected before participants continued to the next trial. In total, the task included 10 positive, 10
negative, and seven medication words and consisted of three practice and two test blocks.
More specifically, after instructions were presented to the participants, they were asked to
categorise only the positive and negative words in a practice block consisting of 10 trials. These
were followed by another 20 practice trials in which the medication words were presented
together with the positive and negative words. Test block 1 (35 trials) consisted of the exact
same type of task as the practice block. After this block, participants received instructions that
the medication words were to be categorised on the other side of the keyboard in the following
blocks. Participants were again presented with 20 practice trials, to decrease the task-switching
effect. Test block 2 again consisted of 35 trials. In all blocks, words were shown in a random order
with a proportion of 10:10:15 (10 medication words, 10 positive or negative words on the same
side of the medication words, and 15 positive or negative words on the other side) to balance the
left/right key strokes.
The IAT effect, the difference in reaction times of combining medication with positive words and
with negative words, was calculated using the D1-scoring algorithm (Greenwald et al., 2003).
In this study, a positive IAT score implied a stronger association between positive words and
medication, and thus more positive associations.
A split-half reliability was calculated by correlating the D-scores of Block 1 and Block 2 (following
the procedure by Banse, 2001). Split-half reliability was rather low with a Pearson’s r of 0.48.
Affect Misattribution Procedure
The second task to measure affect implicitly was the Affect Misattribution Procedure (AMP),
which measures the valence automatically attributed to a stimulus (in this case medication) by
priming the participant with this stimulus and then measure the perceived valence of Chinese
pictographs that followed the prime. We followed the AMP procedure as described by Payne, Cheng,
Govorun, and Stewart (2005). Participants were asked to rate unfamiliar Chinese pictographs as
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more or less pleasant than the average Chinese pictograph, by pressing E for pleasant and I for
unpleasant. The pictograph was preceded by a photo (the prime), which was either medication
related or neutral. Following the procedure recommended by Payne (2005), participants were
instructed to ignore the potential bias of the photo and only rate the pictograph. The picture set
consisted of 200 Chinese pictographs, 16 medication photos, and 16 neutral photos. The neutral
photo’s were closely matched to the medication photo’s on colour, composition and presence of
people. The AMP score was acquired by subtracting the neutral-pleasant percentage from the
medication-pleasant percentage. The AMP methodology assumes that the valence of the prime
is transferred to the Chinese pictograph, so that the AMP score represents the evaluation of the
prime, where a higher score represents a more positive evaluation (Payne et al., 2005).
Avoidance tendency
Impulsive processes were further assessed explicitly, by measuring self-reported avoidance
tendency. The scale contained four items (‘I’d rather avoid my medicines’, ‘I feel an aversion
when I think about my medicines’, ‘I’d rather not deal with my medicines’, and ‘I cherish my
medicines’) for which participants could indicate to what extent the item applied to themselves
on a 5-point scale ranging from not at all to to a great extent. Factor analysis revealed one reliable
factor (α = 0.77). Higher scores represent a stronger tendency to avoid medication.
Affect
We explicitly assessed affect related to medicines by asking participants to answer ‘When I think
about my medicines I feel ...’ for 10 items on a 5-point scale, ranging from disagree to agree.
Factor analysis revealed two reliable factors: positive affect (‘happy’, ‘strong’, ‘independent’,
‘satisfied’, and ‘safe’, α = 0.86) and negative affect (‘frustrated’, ‘anxious’, ‘dependent’, ‘worried’,
and ‘sad’, α = 0.77). Higher scores represented stronger positive or negative affect.
Beliefs about medicines
Beliefs were assessed using the specific sub-scale of the Beliefs about Medicines Questionnaire
(BMQ; Horne et al., 1999). This scale consists of ten statements regarding beliefs about the
medication that participants are taking. Participants were asked to indicate how much they
agreed or disagreed to each of the statements on a 5-point scale ranging from disagree to agree.
Scores were averaged to produce a score for necessity beliefs (higher scores indicated higher
necessity beliefs; α = 0.85) and a score for concerns (higher scores indicate higher concerns; α
= 0.76).
Attitude & intention
To measure attitudes, participants were asked to indicate how positive or negative they were
about taking their medicines on a 5-point scale ranging from negative to positive. Higher scores
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represented more positive attitudes. To measure intentions to be adherent, participants were
asked to indicate whether they were planning to take their medication exactly as prescribed on a
5-point scale ranging from very unlikely to very likely. Higher scores represent higher intentions
to be adherent.

5.2.2 Results
To test whether avoidance tendency influenced medication adherence independently of
intentions, the influence of intention and avoidance tendency on adherence was tested in a
regression model. Intentions and avoidance tendencies were found to influence adherence
independently (R2 = 0.21; βAvoidance = 0.19, p < .05; βIntention = 0.37, p < .001). This means that
the affective process, measured through avoidance tendencies, explains variation in medication
adherence that is not explained by intentions, supporting our hypothesis.
The bootstrapping method developed by Preacher and Hayes (2004) was performed to test
whether affect (measured both implicitly and explicitly) would influence medication adherence
through avoidance tendencies. Results (See Table 5.1 for the bootstrapping results) indicated an
indirect effect of explicitly measured negative affect on medication adherence through avoidance
tendencies (B = -0.09, 95% CI = -0.25 – -0.02) and intentions (B = -0.11, 95% CI = -0.22 –
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Figure 5.2: Schematic representation of the results of Study 6. ** indicates a significant relationship (p <
.01), * indicates a significant relationship (p < .05).
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Table 5.1. Bootstrapping results of mediation analyses of negative affect, positive affect, BMQ necessity, and
BMQ concerns on medication adherence. The proposed mediators were intention and avoidance tendency.

-0.003), and an indirect effect of explicitly measured positive affect on medication adherence
through avoidance tendencies (B = 0.18, 95% CI = 0.04 – 0.38) and intentions (B = 0.12, 95%
CI = 0.04 – 0.25). These results indicated that affect influenced medication adherence through
both an avoidance tendency and intentions. Contrary to our expectations, results indicated no
direct effect of implicit affect measured with the SC-IAT and AMP on medication adherence
(respectively, c = 0.60, ns; c = -0.01, ns). See Figure 5.2 for a schematic overview of these results.
Next, we tested whether necessity and concern beliefs (as assessed with the BMQ) indirectly
influenced medication adherence through intentions. Results of these analyses indicated an
indirect effect of necessity beliefs on medication adherence through intentions (B = 0.21, 95%
CI = 0.07 – 0.46), but not through avoidance tendencies (B = 0.04, 95% CI = -0.2 – 0.15).
Contradictory to our expectations, results indicated that concern beliefs influenced adherence
indirectly through avoidance tendencies (B = -0.14, 95% CI = -0.31 - -0.02), but not through
intentions (B = -0.06, 95% CI = -0.18 – 0.03).
Last, we expected that implicit and explicit measures of affect would be correlated to each other.
The correlations between all affect measures are represented in Table 5.2. As expected, results
indicated that explicit measures of affect (positive, negative, and avoidance tendency) were all
related to each other. In contradiction to expectations, results indicated that SC-IAT scores
were only related to positive and negative feelings, whereas results provided no support for
correlations between AMP scores and any of the other measures.
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Table 5.2: Pearson’s correlations between implicit and explicit affect measures Study 6 (** p < .01, * p <
.05).

5.2.3 Discussion
The goal of Study 6 was to test whether affect would influence medication adherence independently
of intentions and to develop instruments to measure affective processes related to medication
adherence. We expected that implicit and explicit measures of affect would both predict selfreported adherence, independently of intentions. Implicit measures did not present evidence in
support of this hypothesis, as they did not correlate with self-reported adherence. One reason
for the lack of effects of the implicit measures could be our target group, which consisted of
older adults. Implicit tasks are mainly used in younger populations (e.g., Greenwald et al., 2003).
Elderly participants are said to be higher in motivation (Hess, 2014; Ratcliff, Spieler, & Mckoon,
2000), which could have led to the usage of more reflective than impulsive processes in the
implicit tasks and thereby decreasing the IAT and AMP effects. Another limitation of our implicit
measures is that we used general medication pictures and not participants’ own medication,
which potentially lowers the effects. A solution would be to test a group of patients who are
prescribed similar medication or to personalise the stimuli by including pictures of participants’
own medication. We argue that the ST-IAT and AMP need further development to be used with
the present target group.
However, in line with our hypothesis, results suggested that explicitly measured avoidance
tendency and intentions influenced medication adherence, both explaining a unique as well as
a shared part of the variance in medication adherence. Avoidance tendency and intentions both
mediated the effect of positive and negative affect on adherence. These findings support our dualprocess framework of medication adherence with two interacting pathways; a cognitive pathway
including attitudes and intentions and an affective pathway including affect and avoidance
tendencies.
Additionally, we expected that necessity and concern beliefs would influence adherence behaviour
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through intentions. In line with our expectations, we found an indirect effect of necessity beliefs
on adherence through intentions. However, in contradiction to our expectations, results indicated
an indirect effect of concern beliefs on medication adherence through avoidance tendencies, but
not through intentions. Additionally, concern beliefs were found to correlate more strongly to
avoidance tendency than to attitudes and correlated strongly with negative affect. These results
suggest that concern beliefs have a strong affective component and might influence behaviour
through both cognitive and affective processes.
A limitation of Study 6 was the inclusion of various implicit measures with no effects on
adherence and the relatively small sample size that limited tests of the full model. Additionally,
several constructs in Study 6 could benefit from improved measures. For example, avoidance
tendency was measured in Study 6 using four questions that were not previously validated.
Attitudes were measured with only one question, making it impossible to differentiate between
attitudinal components (affective and cognitive). Furthermore, the affect measure assessed
affect about medication, not about medication taking behaviour. Therefore, our results needed
to be corroborated using improved measures in Study 7, where we replicated Study 6 and used
improved measures of avoidance tendency and attitudes.

5.3 Study 7: Testing a dual-process framework
Study 7 was aimed at validating the dual-process model tested in Study 6 with a different sample
and improved measures. As Study 6 showed no significant relationship between the implicit
measures of affect and adherence behaviour, the implicit measures were not included. In this
study, attitudes were measured using bipolar adjective scales, thereby measuring the affective
and cognitive components of attitudes separately (Breckler & Wiggins, 1989b; Lawton, Conner,
& McEachan, 2009; Trafimow & Sheeran, 1998). Also, an extended questionnaire was added to
assess avoidance tendency.
Our hypothesized model is depicted in Figure 5.3 with bold lines. Based on the results of
Study 6 and the RIM by Strack and Deutsch (2004), we hypothesised that avoidance tendency
would predict medication adherence independently of intentions (i.e., a significant path from
avoidance tendency to medication adherence in the SEM model). Furthermore, we hypothesised
that necessity beliefs and concerns would influence medication adherence indirectly through
cognitive attitudes and intentions. That is, we expected a significant indirect path from necessity
beliefs to medication adherence through cognitive attitudes and intentions. We hypothesised
that concerns would also influence medication adherence indirectly through affective attitudes
and avoidance tendencies. That is, we expected two significant paths from concern beliefs to
medication adherence. One indirect path through cognitive attitudes and intentions, and one
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path through affective attitudes and avoidance tendencies. Because affect and cognition were
expected to influence each other, cognitive and affective attitudes were allowed to co-vary in the
model (cf. based on Strack & Deutsch, 2004). Structural equation modelling (SEM) was used
to test the dual-process model, which allowed testing the full model in one analysis, including
indirect effects.

5.3.1 Method
Participants
The required sample size for Study 7 was estimated based on the results of Study 6. For every
path, a power calculation was performed (based on 80% power and alpha of .05) and the required
participants were summed, resulting in a total required sample size of 500, and 527 patients
taking medication for a chronic condition participated (301 males and 226 females). Data from
two participants were scored as outliers and not included in the analysis. One participant gave
the same response for all items and one had extreme scores on all measures.
Participants were recruited by a recruitment company (PanelClix, 2014). After completing the
survey, participants received a reward of 2 Euros.
Participant age ranged from 18 to 88 (M = 58.1, SD = 11.6). Education ranged from primary
school to university degree. Sixty-one percent of the participants had diabetes, 48% had a
cardiovascular disease, 52% hypertension and 21% asthma or COPD. Most participants (71%)
had multiple conditions. Most participants, 71%, took medication multiple times a day and the
remaining participants took medication once a day. On average, participants took 7.4 pills a
day (SD = 5.3) and took medication for a chronic condition for a period of 12 years (SD = 9.8).
This study was approved by the Internal Committee Biomedical Experiments (ICBE) of Philips
Research.
Questionnaires
Medication adherence was measured as in Study 6, with the ProMAS (person separation
reliability = 0.75, Cronbach’s alpha = 0.83). All items fitted the model sufficiently (infit mean
squares ranged from 0.77 to 1.33, and outfit mean squares from 0.57 to 2.06).
The avoidance tendency questionnaire of Study 6 was extended with 10 approach and avoidance
questions. Higher scores indicated a stronger avoidance tendency towards patients’ own
medication (α = 0.86). Five items were included in the SEM analysis (see the Results section for
the selection process).
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Intentions were measured using the same question as in Study 6. In Study 7, we measured both
the affective and cognitive component of attitudes towards medication taking behaviour using
seven-point bipolar adjective scales (Breckler & Wiggins, 1989; Lawton et al., 2009; Trafimow &
Sheeran, 1998). Both components were measured using eight items. To assess cognitive attitudes,
participants were asked to indicate to which extent taking their medication was (‘Taking my
medication is …’) important-not important, valuable-not valuable, good-bad, and wise-not wise.
To assess affective attitudes, participants were asked to indicate to which extent taking their
medication felt (‘Taking my medication feels …’) disappointing-not disappointing, annoying-not
annoying, tiresome-not tiresome, and nice-not nice. Higher scores represented a more positive
attitude towards taking medication (α cognitive = 0.92, α affective attitude = 0.91). Four items
from both scales were included in the SEM analysis.
Similar to Study 6, the BMQ was used to measure beliefs about medicines (α necessity = 0.86 & α
concerns = 0.76). In the SEM analysis, four items were included for each of the BMQ constructs.
Several additional questionnaires were added to the survey for exploratory purposes (i.e., free
associations to medicines, attitudinal ambivalence, habits, and prospective memory). These
questionnaires were not relevant for the present hypotheses and will therefore not be included in
the results section of this chapter.
Statistical analysis
The model depicted in Figure 5.3 was tested using Structural Equation Modelling (performed
using Mplus version 7.11; Muthén & Muthén, 2011). Because our data were not normally
distributed over multiple variables, we used a Robust Maximum Likelihood estimation to test
our model. The data set did not contain missing values.
In the first part of the SEM analysis, a confirmatory factor analysis was performed on each latent
variable in isolation and the measurement model was tested (as suggested by Kline, 2011). In
the second part of the SEM analysis, the hypothesized model was tested. No modifications were
made to the hypothesized path model. The measurement model contained the same variables
included in the hypothesised model and the statistical tests performed on the two models were
similar. The difference between the two models is that the hypothesised model contained only
the hypothesised paths, whereas the measurement model allowed for correlations between all
the latent variables included and did not contain additional paths between the latent variables.
Medication adherence (ProMAS adherence estimate) was included in the SEM model as a latent
variable. ProMAS adherence estimates were calculated using the Rasch model in Winsteps
in logits. The person separation reliability was added to the SEM analysis to account for the
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error variance. Avoidance tendency, cognitive and affective attitude, BMQ necessity, and BMQ
concerns were added to the model as latent variables. Intentions were measured using one item
and added as an observed variable. The error terms of the cognitive and affective attitude, and
BMQ necessity and concerns were allowed to correlate.
We followed the guidelines suggested by Hooper, Coughlan, and Mullen (2008) for reporting
and determining fit. These guidelines state that, by a rule of thumb, the Chi-square should not be
significant, the comparative fit index (CFI) should be at least 0.9, but preferably more than 0.95.
The root mean square error of approximation (RMSEA) should be below 0.07 and the Standard
Root Mean Square Residual (SRMR) is considered acceptable below 0.08.

5.3.2 Results
Measurement model
In the first part of the SEM analysis, each latent variable was tested in isolation (as suggested
by Kline, 2011). The goal of this step was to improve the fit of the measurement model because
the fit of the measurement model influences the total model fit. Items were selected that had a
sufficient loading on the latent variable and low covariance with other items in the model (i.e.,
error terms did not highly correlate). This means that items that were not sufficiently measuring
the latent construct or were too similar to other items were removed. The resulting measurement
model had sufficient fit (χ2 (195) = 523, p < .001 (chi2/df = 2.7), RMSEA = 0.057 (90% CI: 0.051
– 0.062), CFI = 0.94, TLI = 0.93, SRMR = 0.049). The coefficients of the measurement model
can be found in Appendix C.
Model fit
The chi-square statistic (Satorra-Bentler) was significant, as could be expected with a large
sample size (χ2(223) = 613, p < .001). The chi-square divided by its degrees of freedom was 2.7
and the CFI was 0.926. The RMSEA was 0.058 with a (90% CI = 0.052 – 0.063) and the SRMR
was 0.067. Based on these statistics, we argue that the data fit the model sufficiently.
Hypothesis testing
We hypothesised that avoidance tendency would influence adherence independently of
intentions. As expected, results from our SEM analysis suggested that avoidance tendency
influenced medication adherence (β = -0.50, see Table 5.3 for all coefficients).
We expected that the effect of necessity beliefs on medication adherence would be mediated
by intentions and cognitive attitudes. Results indicated that there was an indirect path from
necessity beliefs through attitudes and intentions to adherence (βindirect = 0.05, p < .001). A direct
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path of necessity beliefs on adherence remained, beside the indirect path (βdirect = 0.29, p < .001).
We expected that the effect of concern beliefs on medication adherence would be both mediated
by cognitive attitude and intention, and affective attitude and avoidance tendency. Results
from the SEM analysis confirmed that concern beliefs influenced adherence through cognitive
attitudes and intention (βindirect = -0.11, p < .001), and through affective attitudes and avoidance
tendency (βindirect = -0.30, p < .001). Results suggested that no significant direct effect remained
(βdirect = -0.09, ns).
Furthermore, we expected that the effect of cognitive attitudes on adherence was mediated by
intention and that the effect of affective attitudes on adherence was mediated by avoidance
tendency. The results confirmed this hypothesis, as the effect of cognitive attitudes on adherence
was fully mediated by intentions (βindirect = 0.20, p < .001, βdirect = -0.12, ns) and the effect of
affective attitudes on adherence was fully mediated by avoidance tendency (βindirect = 0.41, p <
.001, βdirect = 0.35, ns).

5.4 Discussion
IV
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p

BMQ Necessity

> Cogn Attitude
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0.021
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> Avoidance
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0.37

0.053
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> Intention
> Adherence
BMQ Concerns

> Intention
> Adherence
> Aff Attitude
> Avoidance
> Adherence
Cognitive Attitude
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Affective Attitude

.34

> Adherence
> Adherence

0.35

0.32

0.202

ns

.52

Avoidance

> Adherence

-0.50

-0.72

0.097

<.001

.67

Intention
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0.59

0.70

0.099

<.001

.12

Adherence

.72

Table 5.3: Standardised and unstandardised coefficient for direct and total indirect effects and proportion
of variance explained in endogenous variables.
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Figure 5.3: The model that was tested using Structural Equation Modeling in Study 7. Our hypothesized path
model is graphically represented using bold lines. The measurement model is presented using thin lines.
Latent variables are represented by circles and measured/observed variables by rectangles. Estimates in
the model are provided in standardized coefficients (all p < .001). Fit statistics indicate a sufficient fit of the
data to the model (chi2(223) = 613, p < .001 (chi2/df = 2.7), RMSEA = 0.058 (90% CI: 0.052 - 0.063), CFI
= 0.926, TLI = 0.917, SRMR = 0.067, R2 Medication adherence = 0.72).

The goal of the current studies was to investigate the influence of affective and cognitive
processes on medication adherence. A dual-process framework based on the RIM (Strack
& Deutsch, 2004) was proposed and tested in two studies. Results provided support for this
dual-process framework, and indicated that affective processes and cognitive processes both
influenced medication adherence. The current section discusses how this framework relates to
earlier medication adherence research. Additionally, it discusses the path through which BMQ
concerns and necessity beliefs influence medication adherence. Implications for interventions
to increase adherence and recommendations for future research will be discussed in Chapter 6.
The dual-process framework described in this chapter proposes that medication adherence
is determined by two underlying mental processes: a cognitive and an affective process. In
contrast, earlier literature often categorized medication non-adherence as either intentional
or unintentional (Lehane & McCarthy, 2007). Intentional non-adherence is described as a
deliberate decision not to take (or take less) medication (i.e., the patient forms an intention
to not take their medication as prescribed; Horne et al., 2013; Wroe, 2002). Unintentional
non-adherence is described as non-adherence caused by so-called practical barriers (Horne,
Clatworthy, Polmear, & Weinman, 2001; Wroe, 2002). Forgetfulness is often mentioned as a
determinant of unintentional non-adherence (Horne et al., 2001; Wroe, 2002). This intentional99

Chapter 5

unintentional distinction might be insufficient to accommodate for the role of affective processes
proposed in the current thesis (cf. Lehane & McCarthy, 2007). That is, impulsive processes are
clearly not a practical barrier, because they are motivational in nature, but impulsive processes
can also not be described as a deliberate decision (as our results have indicated that they explain
additional variance in medication adherence on top of the variance explained by reflective
processes). Therefore, another category (e.g., impulsive non-adherence) is needed in addition
to the two categories of intentional and unintentional non-adherence to include the full range of
psychological processes involved in adherence behaviour.

5.4.1 The influence of beliefs about medicines in the dual-process model
The two BMQ constructs (necessity and concerns) are usually assumed to influence adherence
through intentions (Horne et al., 1999; Lehane & McCarthy, 2007). In contrast, our results
suggested that concerns influence behaviour also – and even more strongly so – through a
different path. While necessity beliefs are mostly cognitive, and therefore influence adherence
via reflective processes, concerns influence adherence via both cognitive and affective processes.
These findings explain the results that concerns influenced forgetting found in several studies,
as forgetting may be caused by a more affect-based process (Gadkari & McHorney, 2012; Unni &
Farris, 2011). Even when patients have the intention of taking their medication, their concerns
might result in an avoidance tendency, increasing chances that these patients avoid and ‘forget’
their medication (for more information about motivated forgetting, see Chapter 1).
Obviously, we did not study all the determinants of medication adherence. There might be
other variables that could be included in the framework that could add predictive power to the
framework. Habit strength, for example, has been found to influence medication adherence
(Bolman, Arwert, & Völlink, 2011). Studying additional constructs within the dual-process
framework would allow for a more comprehensive understanding of medication adherence.
Incorporating affect into interventions potentially makes them more effective. Therefore, the
role of affect in adherence deserves to be the topic of future research. The importance of affective
processes for the interventions targeting medication adherence will be discussed in Chapter 6.
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General discussion
As described in the general introduction of this thesis, medication non-adherence is a
problem that greatly affects the health care system and the lives of patients. Nevertheless,
existing measurement methods of medication adherence are limited with regard to their costeffectiveness, accuracy, and reliability. Furthermore, little is known about the underlying
processes of medication adherence. Earlier research focused mainly on cognitive factors, thereby
ignoring affective determinants. In this thesis, we took a dual-process approach and studied to
what extent both cognitive and affective processes influenced medication adherence. To be able
to study these processes, a reliable and easy to implement measure was needed that was able
to discriminate between participants with regard to their level of adherence. As argued in the
general introduction of this thesis, current measures did not satisfy these criteria. Therefore, this
thesis included the development of such a measure. The research goals addressed in this thesis
were:
1) Improving the self-report measurement of medication adherence. More specifically,
we aimed to develop an adherence measure with better distributional properties than current
self-report adherence measures. We aimed to achieve this by assessing a range of non-adherence
behaviours and taking into account the likelihood of occurrence of these behaviours. This
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improved measure was crucial in addressing the second goal of this thesis.
2) Studying a dual-process framework of medication adherence. More specifically, we
tested the hypothesis that affective processes influence medication adherence over and above of
cognitive processes.
The improved measure resulting from the first research goal was crucial in addressing the second
research goal for two main reasons. The first reason is that the poor distributional properties
of existing measures make it more difficult to identify reasons for non-adherence. The second
reason is that existing adherence measures assess behaviour and determinants simultaneously
in one measure, thereby making it more difficult to study the relative influence of determinants.
In the current chapter, we review the studies that were performed to address these goals and
discuss their findings, limitations, and implications for future research. Section 6.1 includes a
discussion on the first goal and considers the measurement of medication adherence. Section 6.2
includes a discussion on the second goal and considers the underlying processes of medication
adherence. Finally, section 6.3 presents some final remarks.

6.1 Measurement of medication adherence
Self-report measures are amongst the most often used adherence measures, mainly because
of their cost-effectiveness and ease of use, despite the wide acknowledgement of the serious
limitations of these measures (see the general introduction of this thesis for more information).
One of the main limitations of currently available instruments is that they include a small range
of types of non-adherence behaviours with a small likelihood of occurrence. As a result, most
patients score highly on these measures and, therefore, appear fully adherent. These measures
are thus not capable of distinguishing between adherence levels of patients with relatively high
adherence scores. In Chapter 2, we argued that self-report medication adherence measurements
could be improved by incorporating a wide range of behaviours and taking into account that
these behaviours have varying likelihoods of occurrence. Chapter 2 proposed a new self-report
medication adherence instrument that incorporates these aspects (The Probabilistic Medication
Adherence Scale; The ProMAS). To address the first goal of this thesis (improving the self-report
measurement of medication adherence by developing a measure with better distributional
properties than existing measures), four studies were conducted that investigated the reliability
and distributional properties of the ProMAS. The two studies described in Chapter 2 measured
a general tendency to be adherent to medication, and the two studies described in Chapter 3
measured adherence to medication prescribed for two specific illnesses. Results of the four studies
indicate that the self-report measurement of medication adherence was indeed improved by the
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assessment of a wide range of non-adherence behaviours with varying likelihoods of occurrence.
The following sections discuss the improvements of the ProMAS compared to existing self-report
measures, including its focus on measuring behaviour and taking into account the likelihood of
occurrences of these behaviours, its validity, and its distributional properties.

6.1.1 Measuring behaviour
The first improvement in comparison to several current self-report measures is that the ProMAS
includes only items that assess behaviour. As described in Chapter 2, many of the current
adherence scales assess behaviours and determinants of adherence behaviour simultaneously
(i.e., ‘I do not take my medicine when I feel better’; Voils, Hoyle, Thorpe, MacIejewski, & Yancy,
2011). As a result, behaviours and determinants are mixed into a single score. This causes
problems when the scale is used to study the effects of determinants or interventions. Specifically,
effects of determinants might be overestimated (when they are also included in the adherence
measure) or relatively underestimated (when they are not included). Effects of interventions
might be overestimated when these interventions influence the determinants included in the
adherence measure. Including only behavioural items results in a purer estimate of adherence
behaviour that is free from contamination of the determinants of this behaviour.
Additionally, mixing determinants and behaviour into a single measure might impact the
dimensions found in the data. Results of this thesis showed that the adherence behaviours
assessed with the ProMAS can be scaled on a unidimensional scale. However, a distinction is
often made between intentional and unintentional non-adherence, suggesting a two-dimensional
solution (Horne, Weinman, & Hankins, 1999; Lehane & McCarthy, 2007). This distinction may
result from the mixed measurement of determinants and behaviour. In Chapter 2, we argued that
intentional non-adherence does not necessarily lead to differences in the adherence behaviours
compared to unintentional non-adherence, but the differences are rooted in the determinants
(i.e., the causes) of non-adherence, not the behaviour. For example, a patient can skip a dose
of a medicine resulting from forgetting (unintentional) or resulting from a deliberate decision
(intentional). The behaviour (skipping a dose) is the same in both cases. When only behavioural
items are assessed, this distinction between intentional and unintentional non-adherence
becomes less apparent. However, intentional and unintentional non-adherence might result
in a different pattern of adherence behaviours. For example, the unintentional non-adherent
might more often skip a dose, while the intentional non-adherent might alter the dose more
often. Future research should study to what extent different determinants could lead to different
patterns of non-adherence.
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In the general introduction of this thesis, we described that varying definitions of adherence
resulted in varying adherence rates. We described the recent taxonomy of Vrijens and colleagues
(2012), which distinguishes between three different steps in medication adherence: initiation,
implementation, and persistence. The ProMAS focusses mainly on the implementation phase,
but includes items that assess initiation (‘It has happened (at least once) that I did not start
taking a medicine that was prescribed by my doctor’) and persistence (‘In the past, I once stopped
taking (one of) my medicines completely’) as well. For the general ProMAS described in Chapter
2, behaviours performed in the three different phases all formed one dimension. For the specific
ProMAS, however, not initiating or not persisting the treatment meant that implementation
behaviours were no longer performed. As a result, the specific ProMAS dimension can only
assess differences between patients in the implementation phase.

6.1.2 Taking into account occurrence likelihood
The second improvement of the ProMAS compared to existing measures is that it takes into
account the likelihood of occurrence of the behaviours assessed. The likelihood of occurrence of
various non-adherence behaviours varies substantially (Horne & Weinman, 2002). By ignoring
these likelihoods, factor analysis of adherence questionnaires could artificially generate multiple
factors. In that way, such factors would not necessarily be caused by real dimensions in the
construct, but could result from differences in occurrence likelihoods between behaviours.
Therefore, items assessing forgetting could be scaled on a different factor as items assessing
stopping, skipping doses, or changing doses, only because some behaviours occur more frequently
than other behaviours.
As described in Chapter 2, the Rasch model was used for the development and internal reliability
assessment of the ProMAS, to be able to take into account the varying occurrence likelihoods.
Results presented in every study included in this thesis indicated that the Rasch model can be
fitted to the ProMAS adherence items and that the ProMAS provided a reliable scale assessing
a unidimensional construct. This means that the ProMAS contains behaviours that can be
transitively ordered from a low to a high likelihood of occurrence (see Chapter 2 for more
information).

6.1.3 Differentiating between patients’ adherence scores
The third improvement is the ability of the ProMAS to distinguish between patients with high
adherence scores. As identified in the general introduction of this thesis, one of the main issues
in self-reported medication adherence measurement is that many available scales provide data
that are often highly skewed with limited variance, and, as a result, do not differentiate between
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patients with high adherence scores. Results in the current thesis indicate that, by incorporating
a wide range of adherence behaviours, the ProMAS is better capable of discriminating between
patients with relatively high adherence scores than the MARS and provides data with more
variance and less skewness.
However, in the assessment of adherence to oral breast cancer medication, the ProMAS and MARS
were both found to be unable to discriminate between patients, as most of the patients acquired
a maximum adherence score. Possibly, the questionnaires were both not sensitive enough to
identify the differences (and the scales would benefit from the addition of more items to enhance
sensitivity), or these patients were indeed fully adherent, as suggested by the EM data. Further
tests of external validity should be performed on these questionnaires to indicate whether the
skewed results were representing actual adherence rates or whether the questionnaires were not
sufficiently sensitive.

6.1.4 Validity
To test whether the ProMAS validly assesses medication adherence, several tests of validity
were performed in the current thesis. Firstly, the ProMAS was internally validated using Rasch
analysis. Results indicated that adherence scores could be estimated based on the ProMAS
with a sufficient reliability. Both the persons and the items sufficiently fitted the Rasch model.
Furthermore, the ordering of the performance likelihoods of the items was independent of illness
studied, and was similar for patients with high and low adherence scores.
Secondly, the ProMAS was externally validated, by assessing relations between ProMAS
adherence scores and other adherence measures and determinants. To assess construct validity,
the ProMAS adherence data were compared to necessity and concern beliefs, which have been
found to influence medication adherence in a large number of studies (Horne et al., 2013). As
expected, ProMAS adherence scores were related to both necessity and concern beliefs.
Thirdly, criterion validity was assessed by correlating the ProMAS with the MARS and EM
adherence scores. Results indicated that the ProMAS was correlated to both the MARS and EM.
However, correlations between EM and MARS were rather low.
Some researchers considered EM to be the most reliable adherence measure and EM is therefore
often used as a reference standard for adherence measures (Choo et al., 1999; Farmer, 1999;
Hansen et al., 2009). However, the split-half reliability of the EM data in the current studies was
found to be low and adherence scores were highly skewed. This low reliability might explain why
correlations between EM and self-reported adherence were low in the current thesis. Therefore,
105

Chapter 6

future research should further test the external validity of the ProMAS, for instance, by
comparing it with health outcome measures, such as blood pressure or HbA, or a more extended
EM measure.

6.1.5 General versus specific medication adherence
Two types of medication adherence can be distinguished, which can be assessed using self-report
instruments: general adherence, to the total set of medicines prescribed, and specific adherence,
to one medicine for a specific condition. The applicability of the ProMAS to both types was
assessed in this thesis. Reliability estimates and distributional properties of the ProMAS were
better in the general than in the specific ProMAS. Additionally, several items had to be excluded
from the analysis in the general ProMAS because of fit problems or too little variance on items.
This resulted in different item sets in these different versions of the ProMAS, making it more
difficult to compare outcomes of the different versions.
Additionally, the general and specific ProMAS are further different in that they assess different
constructs. Every patient may have a general tendency to be adherent (assessed by the general
ProMAS), but may have varying adherence levels for the specific medications (assessed by a
specific ProMAS). These different types of medication adherence may be influenced by different
factors. The general tendency to be adherent may be influenced by a general attitude or affect
towards medication (as assessed in Chapter 5 for example), by personality traits or socio-economic
status. Specific medication adherence may be influenced by specific medication or illness factors,
such as adverse side-effects or the severity and awareness of the illness. Future research could
include both the general and specific ProMAS questionnaires to assess the extent to which these
questionnaires correlate, to which extent each explains a different part of an outcome variable,
and to study the determinants of general and specific medication adherence.

6.1.6 Limitations & future work
Future work might improve our new measure even further, for example by increasing the
sensitivity of the ProMAS to improve the extent to which the ProMAS can distinguish between
highly adherent patients, or to decrease the influences of biases on responses.
Distinguishing between highly adherent patients
Even though the ProMAS provided a reliable scale (i.e., with sufficient internal consistency)
with less skewed adherence scores than current self-report measures, the scale could still be
improved by adding non-adherence behaviours that many patients perform. This could result
in a better distribution of items along the adherence continuum, which would allow for a better
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discrimination between adherence levels for highly adherent patients. However, when many
patients appear to be fully adherent and do not differ in their true adherence, it would, of course,
be unrealistic and undesirable to find behaviours that distinguish between already fully adherent
patients. Future research is needed to further improve the sensitivity of the ProMAS by the
addition of items.
Biases influencing self-reported adherence
Despite the finding that the ProMAS adherence scores were less skewed and had more variance
than existing methods, it can be expected that the ProMAS still suffers from the two main biases
common to self-report measures: recall and social desirability bias. Considering the recall bias,
previous research indicated that it is easier for patients to recall adherence behaviour over the
past week than over a longer period of time (Lu et al., 2008). However, assessment over a longer
period of time is necessary to provide a more accurate adherence estimate (Lu et al., 2008). That
is, short-term adherence may be more susceptible to the influence of fluctuating factors, while
long-term adherence may be more stable and stronger linked to outcomes and determinants.
Future research could study to which extent the recall bias of the ProMAS could be reduced, for
instance, by collecting responses on the ProMAS at several points in time.
Considering the social desirability bias, research has found that self-reported adherence predicted
virological treatment response, but only for patients with low social desirability responding
(Nieuwkerk, De Boer-Van Der Kolk, Prins, Locadia, & Sprangers, 2010). Social desirability bias
can be reduced by non-judgemental wording of the items, by stating that other patients also
perform non-adherence behaviours, and by stating that responses shall be treated anonymously
(Rand & Wise, 1994). These three aspects are included in the introductory text of the ProMAS,
to decrease the effect of social desirability bias. Additionally, the ProMAS contains several nonadherence behaviours that have a high likelihood of occurrence, which patients may find easy
to admit to. When a patient has admitted to being non-adherent on one of these items, it may
become easier to be honest and admit to the other non-adherence behaviours (Freedman &
Fraser, 1966). Future research should study to which extent the ProMAS is susceptible to social
desirability influences and to what extent items function differently between patients with high
and low social desirability.
Validity
The ProMAS in Chapter 2 measured self-reported medication adherence over multiple
medications taken by a single patient over an extended period of time. Therefore, it can be
concluded that this ProMAS measured a general tendency to be adherent. However, whether
the ProMAS is capable of capturing differences in adherence over time, or assesses a more stable
tendency to be adherent, is unclear from the studies reported in this thesis. Future studies should
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assess the test-retest reliability of the ProMAS to answer this question (See Voils et al., 2011, for
a discussion on trait versus state-like properties of medication adherence).
The studies in the current thesis provided evidence for internal validity of the ProMAS and
improved distributional properties over existing measures. However, more evidence is needed to
study to which extent the better distributional properties of the ProMAS express reality. It might
be possible that the differences found by the ProMAS between highly adherent patients are not
clinically relevant. It is also possible that these differences in ProMAS scores mainly represent
differences in motivation or conscientiousness, that could lead to future non-adherence.
Further studies are needed to clarify to what extent the variations in high adherent patients are
meaningful.
Furthermore, even though continuous adherence outcomes are usually preferred (Voils et al.,
2011), the ProMAS might be used to classify patients as either high or low adherent (for example,
to select patients that will receive an intervention). This thesis does not provide evidence on
which a reasonable cut-off point can be determined for the ProMAS. Future research should
study to which extent illness outcomes correlate with ProMAS scores, and what ProMAS score
is needed to provide positive illness outcomes. This score is likely to differ between illnesses
and medications, and should therefore be determined on a case-by-case basis. Dichotomising
responses will also contribute to the problem discussed in section 1.1 of this thesis, that is, the
different definitions of non-adherence that are being used. Therefore, we suggest that, until a
relevant cut-off point can be determined, the ProMAS should be used as a continuous measure.
The studies of Chapter 2 and 3 showed that the ProMAS behaved as an internally reliable measure
with better distributional properties than current available self-report measures. Therefore, we
applied to ProMAS to the assessment of medication adherence in Chapters 4 and 5 to test the
determinants of medication adherence. The studies presented in these chapters will be discussed
in the following section.

6.2 Determinants of medication adherence
As described in the general introduction of this thesis, both practical and cognitive factors
related to medication adherence have been studied rather extensively, while the role of affect in
medication adherence remains largely under-investigated. It is generally assumed that adherence
is determined only by these practical barriers and cognitive factors (Horne & Weinman, 2002;
Lehane & McCarthy, 2007), and that adherence decisions are made consciously on the basis of
reflective thought. In this thesis, we tested the hypothesis that next to cognitive processes and
practical barriers, medication adherence is also influenced by affective processes. To address
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the second goal of this thesis (studying a dual-process framework of medication adherence),
three studies were conducted that investigated affective and cognitive processes in medication
adherence. Chapter 4 described one study that assessed associations patients had with taking their
medication. Results indicated that patients reported both cognitive and affective associations and
that these associations were related to medication adherence. Chapter 5 described two studies
that tested a dual-process model of medication adherence. Results supported our hypotheses
because both the affective and cognitive process influenced medication adherence.
In this section, we will discuss this dual-process approach on medication adherence,
recommendations for future work and implications for the design of interventions targeting
medication adherence.

6.2.1 Dual-process models
As described in the general introduction of this thesis, affect can influence behaviour through
a different path than cognitions (Breckler & Wiggins, 1989; Strack & Deutsch, 2004; Zajonc,
1984). Dual-process models, such as the Reflective Impulsive Model (Strack & Deutsch, 2004)
discussed in Chapter 1, describe the influence of both reflective and impulsive processes on
behaviour. Reflective processes are cognitive in nature, deliberate, and require effort, whereas
impulsive processes are affective in nature, occur automatically, and are effortless (see Chapter 1
for a more detailed description). These two processes have been shown to influence a wide range
of behaviours, including health behaviours such as snacking, alcohol consumption, and smoking
(Hofmann, Friese, & Wiers, 2008).
Results in this thesis suggested that medication adherence behaviour is also influenced by
both cognitive and affective processes. The cognitive process influences medication adherence
behaviour through intentions, and the affective process influences medication adherence
behaviour through avoidance tendencies. In agreement with the RIM, our results indicated that
both intentions and avoidance tendencies influenced medication adherence. Necessity beliefs
influenced adherence through cognitive attitudes and intentions (i.e., the cognitive process),
whereas concerns influenced adherence also through affective attitudes and avoidance tendencies
(i.e., the affective process). These results indicated that next to practical and cognitive factors,
affective factors should be considered in the design of interventions to increase adherence.
The cognitive and affective antecedents of medication adherence behaviour were expected to
influence behaviour through different processes, that are not fully independent, based on the
RIM (Strack & Deutsch, 2004). Cognitions (such as necessity) can be activated automatically and
affect can be incorporated in the cognitive attitudes (Strack & Deutsch, 2004). This interaction
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between the two processes was also found in our results, as cognitive and affective attitudes were
correlated.
In this thesis we investigated the dual-process framework in patients taking medication for chronic
conditions. Adherence is found to be low in chronic conditions (Kardas, Lewek, & Matyjaszczyk,
2013). In Chapter 4, it was found that feelings reported regarding taking medication were mostly
negative, while cognitions were mostly positive in nature. This finding corresponds with the
BMQ items (Horne et al., 1999), that include positive cognitions (necessity beliefs) and negative
feelings (concerns). However, it is possible that for other types of medication (e.g., painkillers),
evaluations could be different. These medications could activate positive feelings (e.g., when
patients always feel better after taking the medication), and negative cognitions (e.g., when I
take painkillers every day, I will get dependent on them). These medications might activate an
approach tendency towards taking the medication, resulting in higher adherence. Future studies
should investigate to which extent the dual-process framework is also applicable to these types
of medication.

6.2.2 Limitations & future work
Chapter 1 described that the relative impact of cognitive and affective processes depends on
the individual and the context. For example, patients with a higher need for cognition may be
more inclined to engage in cognitive processing compared to patients with a high need for affect.
Furthermore, lack of resources and time may decrease the influence of the cognitive processes.
Future research is needed to study to what extent individual and contextual influences affect the
relative influence of cognitive and affective processes on medication adherence.
The current thesis has provided insights into the influence of affective processes on medication
adherence. The use of self-report measures to assess affect might have influenced results of the
current studies to the extent that patients could have been unaware of or would not want to admit
their feelings towards taking their medication. Implicit measures may be capable of assessing
affect even when patients are unaware of or would not want to admit their feelings. Using these
methods, correlations were established between explicit and implicit affect related to taking
medication, to acquire an understanding of whether patients can report their affective responses,
and to assess whether implicit or explicit measures of affect are a better predictor of medication
adherence behaviour. However, implicit measures of affect related to taking medication were not
found to influence medication adherence and had low correlations with explicit affect, suggesting
that these measures need further development to be usable in the present context. Possibilities
for improvement include assessing younger samples and using stimuli of the patient’s own
medication.
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The current studies have mainly used self-constructed questionnaires to assess constructs such
as avoidance tendency and attitudes. Self-constructed questionnaires were used because we
are unaware of previously validated questionnaires that assessed these constructs in relation to
medication adherence. Although we did assess the internal reliability and factorial structure of
these questionnaires, they could benefit from a more thorough validation process.
The observed relationship between affect and medication adherence as reported in Chapters 4
and 5 may also have been influenced by the use of self-report in the assessment of medication
adherence. Similarly as for affect, patients may have been unaware of or would not want to admit
their non-adherence. Possibly, non-adherence levels and their relationship with affect may have
been higher than reported in the current studies. Future research could study the predictive
validity of our dual-process framework on objectively measured medication adherence.
Another opportunity for future research would be to perform experimental manipulations to study
the causal effects in the dual-process model, as the current studies gathered only cross-sectional
evidence. From cross-sectional data, no causal effects can be inferred. Therefore, studies could
be performed that influence both the cognitive and affective processes of medication adherence,
to further study the relative importance of these processes.

6.2.3 Implications for adherence interventions
Chapters 4 and 5 of this thesis showed that affective processes, next to cognitive processes, are
important for medication adherence and should be considered in the design of interventions
to increase adherence. Most current medication adherence interventions focus on changing
intentional or unintentional non-adherence, for example by giving reminders (unintentional) or
providing information to change beliefs (intentional). Up to now, most of these interventions had
only small or no effects on adherence (Haynes, McKibbon, & Kanani, 1996; van Dulmen et al.,
2007). Targeting affect could improve the effectiveness of these interventions. Previous research,
described in the general introduction of this thesis (Section 1.3.6), indicated that affective
processes require different intervention strategies than cognitive processes. Because results of
the current thesis have indicated that affect and cognitions are both important in medication
adherence, both should be incorporated in adherence interventions. This section discusses three
types of interventions in which affective components could be included; Interventions on the
health care system level, interventions on the physician level, and eHealth interventions on the
patient level.
Interventions on the health care system level could focus on making the medication (taking)
experience more positive and thereby creating positive associations with taking medication.
111

Chapter 6

Different aspects of the current medication taking experience could trigger negative affect, and
thereby creating possible negative associations. For example, medication leaflets that include a
long list of side-effects and medication packaging that might trigger associations of the chemical
process applied to produce the medication. Future research could study whether positive
associations are created (and eventually whether medication adherence can be increased) by
making packaging and leaflets more appealing. This can be done by altering the appearance
of packaging, the appearance and taste of the medication itself, or by otherwise making health
benefits more salient. Another option to influence affect related to medication taking is to increase
its ease of processing and thereby activating positive affect. Schwarz (2004) has proposed that
ease of processing induces feelings of familiarity and positive affect. For medication, ease of
processing could be increased by altering the name of the medicine (Song & Schwarz, 2009).
Research by Dohle and Siegrist (2014) has shown that complex drug names were perceived as
more hazardous than simple medicine names. The complex drug names negatively influenced
intentions to buy these medicines. Next to these health care system interventions, it is important
that physicians discuss the affective reactions of their patients to their medication.
Physician-patient communication has been found to be related to medication adherence in a wide
range of studies (Kardas et al., 2013). Patients who experience this communication as positive
are more adherent than those perceiving this communication as negative. Incorporating affect
into the physician-patient conversations could be a way to positively influence physician-patient
communication. Physicians may discuss the feelings reported by patients. Based on the reported
feelings, the physician could alter medication regimes to change to a regime that would activate
less negative affect (e.g., to a medicine with fewer side-effects or a smaller pill). Furthermore,
the physician could provide arguments and information to lower negative affect and increase
positive affect. For example, when a patient worries about negative effects in the future, the
physician could assure the patient that there are no known long-term adverse effects.
To avoid additional load on physician-patient interaction, e-Health solutions could be applied
as an intervention. Interventions that use eHealth require few resources and can reach a large
number of patients, either through the internet or mobile devices (Anglada-Martinez et al., 2014;
Linn, Vervloet, van Dijk, Smit, & Van Weert, 2011). Another advantage of eHealth interventions
is that they can be tailored to the patient. This allows for addressing the specific cognitive and
affective beliefs that are held by the patient (e.g., as in Petrie, Perry, Broadbent, & Weinman,
2012).
E-health solutions may also incorporate evaluative conditioning to influence affect related to
taking medication, to create positive beliefs with taking medication. Several studies have shown
that automatic evaluations can be created or altered in order to change behaviour or affective
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attitudes (Edwards, 1990; Strack, Martin, & Stepper, 1988). Adherence could be improved by
(subliminally) priming medication with happy faces (this method was successfully applied by
Edwards, 1990, who changed affective attitudes towards Chinese pictographs). For example,
medication reminder systems or medication dispensers could show a smiling face when
medication is taken from the dispenser or a reminder is provided. Medication could also be
primed with pictures of positive affective stimuli. This method was applied in a study that
showed that participants chose fruit over a granola bar more often when images of fruit had been
repeatedly paired with positive affective stimuli than with negative affective stimuli (Walsh &
Kiviniemi, 2013).
Taking medication could also be paired repeatedly with an approach movement (e.g., moving
your hand towards the medication) to activate a tendency to approach the medication in the
future. Alcoholic patients trained to make an avoidance movement in response to alcohol
pictures, had better outcomes one year later than patients who did not receive this training
(Wiers, Eberl, Rinck, Becker, & Lindenmeyer, 2011). In creating an approach association with
medication, a training could be performed through the medication dispenser. For example, to
take the medication from the dispenser, the patient has to make an approach movement (e.g.,
pulling a lever towards him or herself).
Additionally, interventions could emphasize affective benefits of the medication prescribed to
the patient to increase positive affect related to taking medication (as was done for exercising
by Conner, Rhodes, Morris, McEachan, & Lawton, 2011). For example, the intervention could
emphasise that taking the medication at this moment could make the patient feel better and
be more active in the future. Another example would be showing the patient a simulation of
the effects of the medication in the body (e.g., as in Van Camp, Huybrechts, Van Rompaey, &
Elseviers, 2012). This simulation could be combined with MEMS feedback. Where the patient
can see immediately after taking the medication what the effect could be.

6.3 Final remarks
The work presented in this thesis indicates that affective processes should be considered an
important determinant of medication adherence, and should be incorporated in adherence
improving interventions. Furthermore, the newly developed self-report instrument (the ProMAS)
to measure medication adherence could add value in the assessment of the effectiveness of these
interventions and to create a further understanding of the underlying processes of medication
adherence. The ProMAS was found to be more sensitive in distinguishing between adherence
levels of highly adherent patients than the MARS and was successfully applied in three studies
investigating the underlying processes of medication adherence.
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To conclude, remember the lady taking medication in the first paragraph of Chapter 1. We can
use the ProMAS to measure to what extent she takes her medication as prescribed. When it
turns out that she is not sufficiently adherent, we know that we should ask her, not only about
her thoughts related to taking her medication, but also about her feelings. It could turn out that
she is avoiding her medication because it just didn’t feel right to her. Addressing not only her
beliefs and her tendency to forget her medication, but also taking into account these feelings may
improve her adherence and allow her to benefit from her medication treatment.
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Summary
Understanding Medication Adherence:
A new self-report measure and a dual-process framework
Medication adherence is defined as the extent to which medication is taken as prescribed by a
physician. Medication non-adherence has been acknowledged as a growing problem worldwide.
It is estimated that about half of the patients taking medication for a chronic condition is not fully
adherent. Therefore, these patients do not always fully benefit from their medication, resulting in
more hospitalisations, higher mortality rates, and high healthcare costs.
This thesis addresses two issues in the study of medication adherence: The measurement of
medication adherence and the lack of knowledge about the underlying processes of medication
adherence behaviour. The research goals of this thesis are:
1) Improving the self-report measurement of medication adherence. More specifically, the goal is
to develop an adherence measure that is better capable of discriminating between patients with
different adherence scores. The new measure assesses a range of non-adherence behaviours, and
takes into account the likelihood of occurrence of these behaviours. This improved measure is
crucial in addressing the second goal of this thesis.
2) Studying a dual-process framework of medication adherence. More specifically, we test the
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hypothesis that affective processes influence medication adherence next to cognitive processes.
These questions are answered by means of the development and validation of a new self-report
tool (the ProMAS) to measure medication adherence (Chapters 2 & 3), and the application of this
tool to assess the role of affective and cognitive processes in medication adherence (Chapters 4
& 5).
Chapter 2 describes the development and internal validation of a medication adherence
questionnaire, the ProMAS. Self-report measures are often used to study medication adherence
because they are highly cost-effective and large sample sizes can be tested easily. However,
adherence rates are often highly skewed and provide limited variance, suggesting that most
patients are highly adherent. One reason for these limitations is that current self-report measures
do not take into account the varying occurrence likelihoods of non-adherence behaviours. The
ProMAS was developed using the Rasch model to account for the different medication adherence
behaviours and the variations in occurrence likelihood of these behaviours. The goal of the
questionnaire was to be able to reliably measure medication adherence and to acquire data that
represent objective adherence rates better than current self-report measures. In two studies,
we administered the questionnaire to patients taking medication for varying chronic illnesses
to assess a general tendency to be adherent. Results indicated that adherence rates could be
assessed by the ProMAS with sufficient internal reliability. Additionally, the scale was compared
to one of the most often used self-report adherence measures (the MARS). Results indicated that
the ProMAS correlated with the MARS, and at the same time provided data with less skewness
and more variance that could better distinguish between patients with high adherence scores.
The ProMAS described in Chapter 2 assessed a general tendency to be adherent to medication,
while many researchers are interested in assessing adherence to medication prescribed for a
specific condition. Therefore, Chapter 3 describes two studies in which the ProMAS is applied
to the measurement of adherence to specific types of medication. Study 3 assessed adherence
amongst patients taking oral medication to treat rheumatoid arthritis and Study 4 assessed
adherence amongst patients taking oral hormone medication to treat breast cancer. Results
indicated that a selection of the items fitted the Rasch model, and together formed a scale with
sufficient internal reliability. The ProMAS was correlated to both the MARS and adherence
assessed by electronic pillbox monitoring (EM), even though correlations were low. Results of
Study 3 indicated that the ProMAS was better capable of distinguishing between highly adherent
patients than the MARS in the rheumatoid arthritis sample, while results of Study 4 indicated no
difference between the ProMAS and MARS.
Chapter 4 presents a study that assessed patients’ first spontaneous associations with taking
their medications in order to study the role of affect on medication adherence. These associations
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were categorised based on their content. Results indicated that these associations were related to
self-reported medication adherence as measured by the ProMAS. Patients who associated taking
medicines with negative affect were the least adherent, while those associating taking medicines
with the need to take medicines were the most adherent. These results support the idea that
affect should be considered an important determinant of adherence.
Chapter 5 further explored the relationship between affective and cognitive processes and
medication in two studies. We tested a dual-process framework of medication adherence based on
the Reflective-Impulsive Model. This framework includes both cognitive and affective processes.
In the first study, we tested whether affective processes influenced medication adherence on
top of cognitive processes. Different measures of affect were included to test which were most
capable of explaining variance in medication taking behaviour. In the second study, the full
framework was tested using Structural Equation Modelling. The results supported this dualprocess framework of adherence behaviour and suggested that the role of affect in medication
adherence should be considered when developing adherence interventions.
Chapter 6 discusses the findings of all the studies that were included in this thesis, addresses
the research goals proposed in this thesis, and presents recommendations for future research,
and for the design of interventions to increase adherence. Future research should investigate the
external validity of the ProMAS under different conditions, to study to which extent the ProMAS
correlated with illness outcomes. The dual-process framework could be further studied using
implicit measures, and it could be extended by including constructs such as affect. We conclude
that the ProMAS could add value in the self-report measurement of medication adherence, and
that affect is an important determinant to consider in the design of interventions to improve
adherence.
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Samenvatting
Therapietrouw wordt gedefinieerd als de mate waarin medicijnen ingenomen worden door een
patiënt zoals voorgeschreven door een arts. Volgens schattingen is ongeveer 50 procent van de
chronische patiënten niet volledig therapietrouw. Hierdoor kunnen medicijnen niet altijd goed
hun werk doen. Dit resulteert in meer ziekenhuisopnames, hogere sterftecijfers en hogere kosten
onder patiënten die therapieontrouw zijn, ten opzichte van patiënten die therapietrouw zijn.
In dit proefschrift behandelen we twee problemen die naar voren komen in het onderzoek naar
therapietrouw. Het eerste probleem is het meten van therapietrouw, en het tweede probleem is dat
de onderliggende processen van dit gedrag nog onvoldoende bekend zijn. De onderzoeksdoelen
van dit proefschrift zijn:
1) Het ontwikkelen van een nieuw meetinstrument voor therapietrouw. Specifiek was het doel
om een zelfrapportage instrument te ontwikkelen dat beter in staat is om therapieontrouw te
signaleren dan de bestaande zelfrapportage instrumenten. Het nieuwe instrument bevat een
reeks therapietrouw gedragingen en houdt rekening met de kans dat deze gedragingen uitgevoerd
worden. Het verbeteren van het meten van therapietrouw is van cruciaal belang voor het tweede
doel van dit proefschrift.
2) Het bestuderen van een duaal-proces model van therapietrouw. Specifiek testen we in hoeverre
affectieve processen therapietrouw beïnvloeden naast cognitieve processen.
Deze onderzoeksdoelen worden behandeld via de ontwikkeling en validatie van een nieuwe
vragenlijst om therapietrouw te meten (Hoofdstuk 2 & 3), en het gebruik van deze vragenlijst in
studies naar de rol van affectieve en cognitieve processen in therapietrouw (Hoofdstuk 4 & 5).
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Hoofdstuk 2 beschrijft de ontwikkeling en interne validatie van de nieuwe therapietrouw
vragenlijst, de ProMAS. Vragenlijsten worden vaak gebruikt in het meten van therapietrouw,
omdat de kosten laag zijn en ze gemakkelijk toegepast kunnen worden op grote groepen
patiënten. Echter, het gebruik van deze vragenlijsten resulteert vaak in uitkomsten met een
scheve verdeling en weinig variatie in de therapietrouwscores. Hierdoor lijkt het vaak alsof de
meeste patiënten therapietrouw zijn, wat niet overeen komt met de schattingen die gemaakt
worden op basis van meer objectieve meetmethoden. Een van de redenen van het vinden van
scheve verdelingen van therapietrouwscores, is dat huidige vragenlijsten geen rekening houden
met de verschillen in de kans dat therapieontrouw-gedragingen uitgevoerd worden. De ProMAS
houdt wel rekening met deze verschillen in gedragingen, doordat de vragenlijst is ontworpen met
behulp van het Rasch model. Het doel van de ProMAS was om therapietrouw op een betrouwbare
manier te meten en therapietrouwscores te verkrijgen die beter overeenstemmen met de scores
die worden gevonden met meer objectieve maten. Twee studies zijn uitgevoerd om therapietrouw
te meten met de ProMAS in patiënten die chronische medicatie gebruiken. De resultaten laten
zien dat de ProMAS een maat is met goede interne consistentie. Ook is de ProMAS in beide
studies vergeleken met een van de meest gebruikte huidige vragenlijsten (de MARS). Resultaten
van deze vergelijkingen laten zien dat de ProMAS scores correleren met de MARS scores, dat er
meer variatie zit in ProMAS scores en deze minder scheef verdeeld zijn. De ProMAS is dus beter
in het onderscheiden van patiënten met verschillende therapietrouwscores.
De ProMAS was ontworpen om de algemene therapietrouw te meten voor alle medicijnen die
een persoon voorgeschreven heeft gekregen. Omdat veel onderzoekers vragenlijsten gebruiken
om therapietrouw aan medicijnen voor specifieke aandoeningen te meten, beschrijft Hoofdstuk
3 twee studies waarin de ProMAS toegepast wordt op het meten van therapietrouw in specifieke
aandoeningen. In Studie 3 meette de ProMAS therapietrouw in reuma patiënten en in Studie 4 in
borstkanker patiënten. De resultaten lieten zien dat een deel van de ProMAS items een goede fit
had met het Rasch model en dat deze items samen een betrouwbare schaal vormden. De ProMAS
was gecorreleerd met zowel de MARS als met therapietrouwscores verkregen met elektronische
pillendoosjes, al waren deze correlaties aan de lage kant. De resultaten van Studie 3 gaven aan
dat de ProMAS beter was in het onderscheiden van de mate van therapietrouw van verschillende
patiënten dan de MARS. In Studie 4 was geen verschil te ontdekken tussen de twee maten.
Hoofdstuk 4 beschrijft een studie waarin we hebben onderzocht welke associaties patiënten
koppelen aan het innemen van hun medicijnen. Specifiek hebben we gemeten wat de eerste
spontane associatie was die opkwam bij patiënten wanneer ze dachten aan het innemen van
hun medicijnen. De gerapporteerde associaties werden gecategoriseerd gebaseerd op de inhoud.
Zoals verwacht, waren deze associaties gerelateerd aan de therapietrouw van de patiënten.
Patiënten die het innemen van medicijnen associeerden met negatief affect hadden de laagste
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therapietrouw scores van alle patiënten in de studie, terwijl patiënten die als eerste dachten aan
de noodzaak van hun medicijnen de hoogste scores hadden. Deze resultaten laten zien dat affect
een belangrijke determinant van therapietrouw zou kunnen zijn.
In Hoofdstuk 5 werd affect uitgebreider onderzocht in twee studies. De invloed van cognitieve en
affectieve processen op therapietrouw werd onderzocht door het toetsen van een duaal-proces
aanpak, gebaseerd op het Reflective-Impulsive Model van Strack en Deutsch. Study 6 onderzocht
of affectieve processen invloed hadden op therapietrouw, naast cognitieve processen. In deze
studie gebruikten wij verschillende instrumenten om affect te meten, om te onderzoeken welke
van deze instrumenten de meeste variantie verklaarden in medicijninname-gedrag. Study 7 testte
het volledige model met behulp van Structural Equation Modelling. Uitkomsten van deze studie
ondersteunden dit model, wat laat zien dat affect een belangrijke rol speelt bij therapieontrouw
en dat affect vaker meegenomen zou moeten worden in de ontwikkeling van interventies om
therapietrouw te verbeteren.
Hoofdstuk 6 bespreekt de bevindingen van de studies in dit proefschrift, en geeft aanbevelingen
voor vervolgonderzoek en voor het ontwerp van interventies. Meer onderzoek is nodig om de
externe validiteit van de ProMAS vast te stellen. Ook is meer onderzoek nodig om het model
uit Hoofdstuk 5 verder te onderzoeken, bijvoorbeeld, met behulp van impliciete maten, of het
toevoegen van constructen, zoals gewoontes. Wij concluderen dat de ProMAS, zoals ontwikkeld
in dit proefschrift, zou bij kunnen dragen aan een meer betrouwbare meting van therapietrouw
door middel van zelf-rapportage. Verder concluderen wij dat affect een belangrijke determinant
van therapietrouw is. Affect zou kunnen bijdragen aan het meten van de effectiviteit van
interventies om medicijninname te verbeteren.

135

136

Appendix A
Items Study 1 & 2
Items Study 1
ProMAS Introduction text
The following table represents the introduction text of the ProMAS (used for all versions in this
thesis) in Dutch and the translated version in English. Possible answers to the ProMAS items
were ‘ja, klopt’ (‘yes, correct’), and ‘nee, klopt niet’ (‘no, incorrect’).
Dutch (original)

English (translated)

Onderstaande stellingen gaan over het omgaan
met uw dagelijkse medicijnen voor een chronische
aandoening die door uw arts voorgeschreven zijn.
Iedere stelling beschrijft een gedrag dat u mogelijk
in het verleden uitgevoerd hebt of uw huidige
gedrag. Het gaat hierbij om gedrag dat niet direct is
afgesproken of overlegd met uw arts. Bijvoorbeeld,
u heeft een keer uw medicijnen niet ingenomen
omdat u het vergeten bent. Of u bent, zonder
overleg met de arts, gestopt met medicatie.

The statements below are about dealing with your
daily medicines for a chronic condition that were
prescribed to you by your doctor. Each statement
describes a specific behavior that you may have
executed in the past or a current behavior and
that was not directly agreed or discussed with
your doctor. For example, it may have happened
that you did not take (one of) your medicines once
because you forgot it. Or you may have stopped
taking (one of) your medicines without discussing
it with your doctor.
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Onderzoek wijst uit dat de meeste mensen
hun medicijnen niet altijd zo innemen als
voorgeschreven door hun arts. Daar kunnen allerlei
verschillende redenen voor zijn, bijvoorbeeld last
hebben van bijwerkingen, het gevoel hebben dat de
medicijnen niet werken, of simpelweg vergeten.

Research shows that many people do not take their
medicines exactly as prescribed by their doctor.
There are many different reasons for this. For
example, because of side effects, having the feeling
that the medicines do not work well, or simply
forgetting to take the medicines.

De stellingen zijn gebaseerd op uitspraken
van andere mensen over hun medicijnen. Wij
vragen u bij iedere stelling om aan te geven of
de stelling op u van toepassing is. U kunt dit
doen door op ‘ja,klopt’ of ‘nee, klopt niet’ te
klikken. Het onderzoek is geheel anoniem en
uw resultaten zullen alleen gebruikt worden
door de onderzoekers en op geen enkel moment
gedeeld worden met uw arts. Er zijn geen foute
antwoorden, we zijn geïnteresseerd in uw gedrag.

The statements are based on what other people
have said about their medicine usage. For each
statement, please indicate to what extent it applies
to you. There are no right or wrong answers, we are
interested in your behavior. At no point in time will
your personal answers be shared with your doctor.

ProMAS items that remained after Step 1 of the analysis of Study 1
Dutch (original)

English (translated)

Ik ben wel eens tijdelijk gestopt met medicijnen.

It has happened (at least once) that I temporarily
stopped taking my medication.

In de afgelopen maand ben ik minstens 1 keer
vergeten mijn medicijnen in te nemen.

In the past month, I forgot to take my medicine at
least once.

Ik ben ooit helemaal gestopt met medicijnen die
mijn dokter me had voorgeschreven, zonder dit
met hem te overleggen.

In the past, I once stopped taking (one of) my
medicines completely, without discussing this with
my physician.

Ik neem mijn medicijnen alleen in als ik klachten
heb, terwijl ik eigenlijk elke dag mijn medicijnen in
moet nemen volgens het voorschrift.

I only take my medicines when I experience
symptoms, while I should take them every day.

Soms twijfel ik of ik mijn medicijnen wel of niet
ingenomen heb.

I sometimes doubt whether I took my medicines.

Ik weiger medicijnen in te nemen die de dokter me
voorschrijft.

I refuse to take any medication my physician
prescribes.

Ik gebruik mijn medicijnen alleen als het mij
uitkomt.

I only take my medication when it is convenient
for me.

Het is wel eens voorgekomen dat ik ben vergeten
mijn medicijnen in te nemen.

It has happened at least once that I forgot to take
(one of) my medicines.

Ik probeer me zo min mogelijk met mijn
medicijnen bezig te houden.

I try to spend as less time and energy with on my
medication as possible.

Ik heb wel eens de dosis van mijn medicijnen zelf
aangepast, zonder overleg met de dokter.

It has happened (at least once) that I changed the
dose of (one of) my medicines without discussing
this with my doctor.

Soms weet ik na een doktersbezoek niet meer
precies welke instructies de arts me gegeven heeft
met betrekking tot mijn medicijnen.

Sometimes, after a consult with my physician, I
do not remember the instructions regarding how I
should take my medicines.

Ik ben nog nooit vergeten mijn medicijnen in te
nemen.

I have never forgotten to take my medicines

Ik neem geen medicijnen in waarvan ik het gevoel
heb dat ze niet werken, ook al zegt de arts dat ik ze
wel in moet nemen.

I do not take any medicines for which I feel that
they do not work, even when my doctor tells me to
take them.
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Items Study 1 & 2
Ik verander het gebruik van mijn medicijnen, zodat
het beter bij mijn levensstijl past.

I change my medication use, to make it fit my
lifestyle.

Ik vergeet bijna elke week wel een keer mijn
medicijnen in te nemen.

I forget to take my medication almost once every
week.

Ik ben wel eens vergeten op tijd een recept aan te
vragen bij de dokter.

It has happened that I forgot to call the doctor for a
prescription.

Ik wil niet teveel nadenken over mijn medicijnen.

I do not want to think too much about my medicine
use.

Ik vergeet mijn medicijnen wel eens mee te nemen
als ik thuis wegga.

It sometimes happens that I forget to take my
medicines when I leave the house.

Ik probeer zo min mogelijk medicijnen in te
nemen.

I try to take as little medicines as possible.

Ik weet zeker dat ik mijn medicijnen op de manier
inneem zoals mijn dokter die bedoeld heeft, zoals
bijvoorbeeld het tijdstip en manier van inname.

I am certain that I take my medication the way my
doctor meant it.

Het is mogelijk dat ik ooit een keer vergeten ben
een van mijn medicijnen in te nemen.

It is possible that I forgot to take my medicines at
least once.

Het lukt me niet altijd om me precies aan mijn
medicatie schema te houden.

I do not always succeed in sticking to my
medication schedule.

Ik neem mijn medicijnen in volgens een vaste
routine.

I take my medicines according to a fixed routine

Elke verandering die ik maak in mijn
medicijngebruik bespreek ik met de dokter, hoe
klein de verandering ook is.

Every change I make to my medication use, I
discuss with my doctor, no matter how small the
change.

Ik neem mijn medicijnen op de juiste tijdstippen
in.

I take my medicines at the right time.

Ik zou nooit zelf de dosis aanpassen van mijn
medicijnen, zonder overleg met de arts.

I would never change the dose of my medication
without consulting my doctor first.

Het komt wel eens voor dat ik mijn medicijnen op
een later tijdstip inneem dan normaal.

It sometimes happens that I take my medicines at a
later time than usual.

Ik vind het soms wel eens lastig om mijn
medicijnen op tijd in te nemen.

I sometimes think it is difficult to take my
medication at the right time.

Het is wel eens voorgekomen dat ik (een van) mijn
medicijnen een dag niet heb ingenomen.

It has happened at least once that I did not take
(one of) my medicines for a day.

Ik neem mijn medicijnen elke dag op exact
hetzelfde tijdstip in.

I take my medicines exactly at the same time every
day.

ProMAS items removed in Step 1 of the analysis of Study 1
Ik ben wel eens te laat geweest met het aanvragen
van mijn medicijnen, waardoor ik deze minstens
een dag niet in kon nemen.

It has happened that I could not take my
medication for at least a day, because I was too late
with requesting a prescription.

Ik ben wel eens op reis gegaan, terwijl ik niet
genoeg medicijnen bij me had voor de hele reis.

It has happened that I went travelling, while I did
not bring enough medicines for the whole trip.

Soms neem ik een dag (een deel van) mijn
medicijnen niet in.

Sometimes I do not take my medicines for (part of)
a day.

Het lukt me niet altijd om op tijd mijn medicijnen
in huis te hebben.

I do not always succeed in having enough
medication

139

Appendix A
Ik neem wel eens minder van mijn medicijnen in
om te kijken wat er dan gebeurt.

I sometimes take less medicines to see what
happens.

Ik ga niet altijd even netjes om met het innemen
van mijn medicijnen.

I do not always take my medication with care.

Ik doe mijn best om mijn medicijnen zo goed
mogelijk in de nemen.

I try my best to take my medication the best way I
can.

Ik pas zelf de dosis aan van sommigen van mijn
medicijnen.

I change the dose of some of my medicines.

Soms neem ik meer medicijnen in dan de dokter
me voorgeschreven heeft.

I sometimes take more medicines than prescribed
by my doctor

Alles wat mijn arts me voorschrijft neem ik netjes
in.

I take every medication that my doctor prescribes
me.

Ik neem mijn medicijnen op wisselende tijdstippen
in, zodat het beter samen kan gaan met mijn
plannen en activiteiten.

I take my medicines at varying times, so that they
fit better with my plans and activities.

Ik neem mijn medicijnen precies zo in, als mijn
dokter me verteld heeft.

I take my medicines in the exact way my doctor
prescribed them.

Ik heb zelf alternatieven gevonden voor
mijn medicijnen, zoals een speciaal dieet of
homeopatische medicijnen, waardoor ik vind dat ik
de medicijnen van mijn arts niet meer nodig heb.

I feel I do not need my medicines, because I found
alternatives for my medicines (such as a special
diet or homepathic medicines).

Ik experimenteer zelf met hoeveel ik nodig heb van
elk medicijn.

I experiment with how much I need from every
medicine that I take.

Op dagen dat ik me goed voel neem ik geen
medicijnen in.

At days that I feel well, I do not take my medicines.

Ik ben wel eens een aantal dagen gestopt met een
van mijn medicijnen.

It has happened that I stopped taking my
medication for a few days.

Het komt wel eens voor dat ik besluit mijn
medicijnen niet in te nemen.

It has happened that I decided not to take my
medicines.

Van sommige medicijnen neem ik dagelijks minder
in dan ik eigenlijk zou moeten.

I take less of some medications than I should.

Ik krijg het niet altijd voor elkaar om elke dag mijn
medicijnen in te nemen.

I do not always succeed in taking my medication
every day.

Soms beslis ik wel eens dagje een van mijn
medicijnen over te slaan.

Sometimes I decide to skip my medication for a
day.

Ik neem soms minder van mijn medicijnen in dan
dat de arts me voorschrijf.

I sometimes take less medication than prescribed.

MARS-7
Answer options: Never, Zelden, Soms, Vaak, Altijd
Ik verander de dosering van mijn medicijnen

I alter the dose

Ik vergeet mijn medicijnen in te nemen

I forget to use it

Ik stop een tijdje met het innemen van mijn
medicijnen

I stop taking it for a while

Ik gebruik mijn medicijnen alleen als ik klachten
heb

I only use it when I experience symptoms

Ik besluit een dosis over te slaan

I decide to miss out a dose
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Items Study 1 & 2
Ik vermijd het gebruik van medicijnen

I avoid using it if I can

Ik gebruik mijn medicijnen elke dag

I use it regularly every day

Morisky scale
Answer options: Ja, Nee
Vergeet u ooit uw medicijnen in te nemen?

Do you ever forget to take your medicine?

Bent u soms nonchalant met het innemen van uw
medicijnen?

Are you careless at times about taking your
medicine?

Als u zich beter voelt, stopt u dan soms met het
innemen van uw medicijnen?

When you feel better do you sometimes stop taking
your medicine?

Als u zich slechter voelt na het innemen van uw
medicijnen, stopt u dan soms met het innemen van
uw medicijnen?

Sometimes when you feel worse when you take the
medicine, do you stop taking it?

Items Study 2
ProMAS final version
Dutch (original)

English (translated)

In de afgelopen maand ben ik minstens 1 keer
vergeten mijn medicijnen in te nemen.

In the past month, I forgot to take my medicine at
least once.

Ik weet 100% zeker dat ik het afgelopen jaar al mijn
medicijnen die ik moest innemen, ingenomen heb.

I am positive that I have taken all the medication
that I should have taken in the previous year.

Ik neem (een van) mijn medicijnen soms in op een
ander moment dan voorgeschreven (bijvoorbeeld
bij het ontbijt of in de avond).

I sometimes take (one of) my medicines at a
different moment than prescribed (e.g. with
breakfast or in the evening).

Het is wel eens voorgekomen dat ik ben vergeten
(een van) mijn medicijnen in te nemen.

I have occasionally forgotten to take (one of) my
medicines.

Ik volg trouw het voorschrift van de arts als het
gaat om het moment van inname.

I faithfully follow my doctor’s prescription
concerning the moment of taking my medicines.

Ik neem mijn medicijnen elke dag op exact
hetzelfde tijdstip in.

I take my medicines exactly at the same time every
day.

Soms neem ik minder medicijnen in dan
voorgeschreven door mijn arts.

I sometimes take less medicines than prescribed by
my doctor.

Ik ben nog nooit (tijdelijk) gestopt met een
medicijn.

I have never (temporarily) stopped taking (one of
my) medicines.

Ik heb wel eens de dosis van (een van) mijn
medicijnen zelf aangepast, zonder overleg met mijn
arts.

It has happened (at least once) that I changed the
dose of (one of) my medicines without discussing
this with my doctor

Ik neem elke dag mijn medicijnen in.

I take my medicines every day.

Mijn arts heeft wel eens een medicijn
voorgeschreven, waar ik nooit mee begonnen ben.

It has happened (at least once) that I did not
start taking a medicine that was prescribed by my
doctor.

Ik heb nog nooit zelf een verandering gemaakt in
mijn medicijngebruik.

I have never changed my medicine use myself.
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Ik ben wel eens te laat geweest met het ophalen van
(een van) mijn medicijnen bij de apotheek.

It has happened (at least) once that I was too late
with filling a prescription at the pharmacy.

Het komt wel eens voor dat ik (een van) mijn
medicijnen op een later tijdstip inneem dan
normaal.

It happens occasionally that I take (one of) my
medicines at a later moment than usual.

Het is wel eens voorgekomen dat ik (een van) mijn
medicijnen een dag niet heb ingenomen.

It has happened at least once that I did not take
(one of) my medicines for a day.

Ik ben in het verleden een keer helemaal gestopt
met (een van) mijn medicijnen.

In the past, I once stopped taking (one of) my
medicines completely.

Als ik weg ben van huis, komt het wel eens voor dat
ik (een van) mijn medicijnen niet inneem.

When I am away from home, I occasionally do not
take (one of) my medicines.

Soms neem ik meer medicijnen in dan
voorgeschreven door mijn arts.

I sometimes take more medicines than prescribed
by my doctor

ProMAS items removed in Step 1 of the analysis of Study 2
Op sommige dagen neem ik (een van) mijn
medicijnen minder vaak in dan op andere dagen
(bijvoorbeeld in het weekend).

Some days, I take (one of) my medicines less often
than on other days (e.g., on weekends).

Ik neem (een van) mijn voorgeschreven medicijnen
niet in.

I do not take (one of) my prescribed medicines.

Ik ben wel eens te laat geweest met het aanvragen
van een herhaalrecept.

It has happened that I was too late in requesting a
prescription.

Ik volg trouw het voorschrift van de arts als het
gaat om het aantal medicijnen dat ik per dag
inneem.

I faithfully follow my doctor’s prescription
concerning the number of my medicines that I take
every day.

Ik neem soms een ander aantal medicijnen in, dan
voorgeschreven

I sometimes take a different number of medicines
than prescribed.

Ik ben nog nooit vergeten mijn medicijnen in te
nemen.

I have never forgotten to take my medicines.

I do not take any medicines for which I feel that
they do not work, even if my doctor tells me to take
them.

I do not take any medicines for which I feel that
they do not work, even when my doctor tells me to
take them.

Ik ben wel eens tijdelijk gestopt met (een van) mijn
medicijnen.

It has happened (at least once) that I temporarily
stopped taking my medication.

Als ik geen klachten heb, neem ik minder van mijn
medicijnen in of neem ik sommige medicijnen
helemaal niet in.

When I do not experience symptoms of my
condition, I take less medicines or I do not take
some medicines at all.

Het is wel eens voorgekomen dat ik een nieuw
medicijn, voorgeschreven door mijn arts, nooit op
heb gehaald bij de apotheek

It has happened (at least) once that I did not fill a
prescription for a new medicine at the pharmacy.

Het komt regelmatig voor dat ik (een van) mijn
medicijnen niet inneem.

It happens regularly that I do not take (one of) my
medicines

Ik heb zelf wel eens een verandering gemaakt in
mijn medicijngebruik.

It has happened that I changed my medicine use
myself.

Het is wel eens voorgekomen dat ik niet meteen
begonnen ben met een medicijn op het moment
dat de arts het had voorgeschreven

It has happened (at least once) that I did not
start taking a medicine at the moment that it was
prescribed by my doctor.

Ik vergeet bijna elke week wel een keer mijn
medicijnen in te nemen.

I forget to take my medicines almost once every
week.
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Items Study 1 & 2
Ik heb altijd genoeg medicijnen in huis.

I always have enough medication at home.

Als mijn arts me een nieuw medicijn voorschrijft,
haal ik deze altijd meteen op bij de apotheek.

When my doctor prescribes me a new medicine, I
immediately collect it at the pharmacy.

Als het me niet uitkomt, sla ik wel eens (een van)
mijn medicijnen over.

I sometimes skip my medication when taking it is
inconvenient.
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Items Study 5,6,7
Affective imagery (Study 5)
Dutch (original)

English (translated)

Als u denkt aan het innemen van uw medicijnen,
wat is dan het eerste woord, beeld of gedachte die
bij u opkomt?

When you think about taking your medication,
what is the first word, image, or thought that comes
to mind?

Evalueert u dit woord als

Do you evaluate this word as

negatief (-5)... neutraal (0)... positief (+5)

negative (-5)... neutral (0)... positive (+5)

Avoidance tendency (Study 6)
Not at all (1), Rarely (2), To some extent (3), To a strong extent (4), To a very strong extent (5)
Ik voel dat ik liever wegblijf van mijn medicijnen

I feel that I would rather stay away from my
medicines

Ik hou me liever niet bezig met mijn medicijnen

I rather not think about my medicines

Ik koester mijn medicijnen

I cherish my medicines

Ik voel een afkeer als ik aan mijn medicijnen denk

I feel aversion when I think about my medicines
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Avoidance tendency (Study 5,7)
Ik voel dat ik liever wegblijf van mijn medicijnen

I feel that I would rather stay away from my
medicines

Ik hou me liever niet bezig met mijn medicijnen

I rather not think about my medicines

Ik koester mijn medicijnen

I cherish my medicines

Ik voel een afkeer als ik aan mijn medicijnen denk

I feel aversion when I think about my medicines

Het komt voor dat ik mijn medicijnen liever niet
inneem

It sometimes happens that I rather not take my
medicines

Ik wil zo min mogelijk met mijn medicijnen te
maken hebben

I want to have to do as little as possible with my
medicines

Ik probeer mijn medicijnen zoveel mogelijk te
vermijden

I try to avoid my medicines as much as possible

Ik probeer zo min mogelijk aan mijn medicijnen te
denken

I try to think about my medicines as little as
possible

Ik vermijd soms de plek waar mijn medicijnen
liggen

I sometimes avoid the place where my medicines
are

Ik besteed graag aandacht aan het innemen van
mijn medicijnen

I like to spend attention to taking my medicines

Ik ben graag bezig met mijn medicijnen

I like to spend time on my medicines

Ik stop mijn medicijnen het liefste weg, zodat ik ze
niet kan zien

I prefer to put my medicines in some place I cannot
see them

Soms zou ik mijn medicijnen liever weg gooien dan
innemen

Sometimes I would rather throw away my
medicines than take them

Ik vind het geen probleem om te worden herinnerd
aan mijn medicijnen

I do not mind it when I am being remembered to
take my medicines

Ik zie op tegen het moment van medicijnen
innemen

I am not looking forward to the moment of taking
my medicines

Het voelt prettig om aan mijn medicijnen te denken

It feels pleasant to think about my medicines

Positive and negative affect (Study 6)
In hoeverre bent u het eens met de volgende
stellingen:

To what extent do you agree with the following
statements:

Als ik aan mijn medicijnen denk, voel ik me …
(Mee oneens; Enigszins mee oneens; Niet eens,
niet oneens; Enigszins mee eens; Mee eens)

When I think about my medicines, I feel ...

hoopvol

hopeful

vreselijk

terrible

vervelend

bothersome

blij

glad

gelukkig

happy

gefrustreerd

frustrated

tevreden

satisfied

bang

scared

zorgelijk

worrysome

angstig

fearful

(Disagree; Disagree a little; Do not agree, do not
disagree; Agree a little; Agree)
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Items Study 5,6,7
depressief

depressed

verdrietig

sad

vrolijk

cheerful

sterk

strong

bedroeft

sad

opgewekt

excited

zelfverzekerd

confident

enthousiast

enthusiastic

Intention (Study 5,6,7)
Ik ben van plan om mijn medicijnen de komende
tijd precies zo in te nemen als mijn dokter
voorgeschreven heeft. (Mee oneens; Enigszins
mee oneens; Niet eens, niet oneens; Enigszins mee
eens; Mee eens)

I plan to take my medication exactly as prescribed
by my physician in the near future (Disagree;
Disagree a little; Do not agree, do not disagree;
Agree a little; Agree)

Attitude (Study 6)
Hoe positief of negatief bent u over uw
voorgeschreven medicijnen?

How positive or negative are you about your
prescribed medicines? (Negative; A little negative;
Neutral; A little positive; Positive)

Attitude (Study 5,7)
Semantic differential (7-point scale)
Cognitive attitude
I find taking my medicines:
negatief - positief

negative - positive

schadelijk - gunstig

harmful - beneficial

nutteloos - nuttig

useless - useful

goed - slecht

good - bad

waardevol - waardeloos

valuable - invaluable

verstandig - onverstandig

wise - foolish

slim - dom

smart - stupid

Affective attitude
Taking my medicines feels:
aangenaam - onaangenaam

comfortable - uncomfortable

prettig - onprettig

pleasant - unpleasant

lastig - fijn

inconvenient - fine

vrolijk - verdrietig

happy - sad

leuk - vervelend

fun - annoying

lekker - vies

tasty - nasty
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geruststellend - alarmerend

comforting - alarming
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SEM statistics Study 7
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.27
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Appendix C

Correlations of the variables in the SEM model, including means and standard

deviations

SEM statistics Study 7

Coefficients of the measurement model
Fit statistics: chi2(195) = 523, p < .001 (chi2/df = 2.7), RMSEA = .057 (90% CI: .051 - .062), CFI
= .94, TLI = .93, SRMR = .049.
Observed variable

Latent construct

β

B

1: ProMAS

Medication adherence

0.30

0.87

2: BMQN1: Life depends on meds

BMQ necessity

0.77

1.00

3: BMQN3: Life impossible

BMQ necessity

0.87

1.24

0.06

4: BMQN4: Ill without

BMQ necessity

0.83

1.17

0.06

5: BMQN7: Future health

BMQ necessity

0.63

0.78

0.06

6: BMQC2: Worry taking meds

BMQ concerns

0.77

1.00

7: BMQC5:Worry side-effects

BMQ concerns

0.67

0.87

0.06

8: BMQC8: Disrupt

BMQ concerns

0.60

0.70

0.05

9: BMQC9: Worry dependent

BMQ concerns

0.62

0.82

0.06

10: CAtt7: Important

Cognitive Attitude

0.78

1.00

11: CAtt10: Valuable

Cognitive Attitude

0.84

1.32

0.07

12: CAtt11: Sensible

Cognitive Attitude

0.78

1.10

0.07

13: CAtt14: Good

Cognitive Attitude

0.83

1.30

0.06

14: AAtt1: Disappointed

Affective Attitude

0.70

1.00

15: AAtt9: Annoying

Affective Attitude

0.83

1.24

0.07

16: AAtt15: Tiresome

Affective Attitude

0.80

1.17

0.07

17: AAtt16: Nice

Affective Attitude

0.78

1.03

0.06

18: Av3: Aversion

Avoidance tendency

0.77

1.00

19: Av8: Rather not take

Avoidance tendency

0.72

0.88

0.06

20: Av10: Avoid

Avoidance tendency

0.61

0.91

0.07

21: Av12: Stay away from

Avoidance tendency

0.82

1.07

0.06

22: Av13: Throw away

Avoidance tendency

0.75

1.20

0.07
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