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Abstract

Background

Non-adherence to statins is substantial and is associated with numerous perceptions and

experiences. However, time limits in clinical practice constrain in depth explorations of

these perceptions and experiences.

Objectives

To propose and examine a strategy aimed at an efficient assessment of a wide array of per-

ceptions and experiences regarding the efficacy, side effects, and practical problems of

statins. Furthermore, to assess associations between this wide array of experiences and

perceptions and non-adherence and to examine whether patients' 'perceived self-efficacy'

moderated these associations.

Methods

Patients were recruited through community pharmacies. A wide array of specific patient per-

ceptions and experiences was efficiently assessed using the electronic Tailored Medicine

Inventory that allows people to skip irrelevant questions. Adherence was measured through

self-report and pharmacy refill data.

Results

Of the two-hundred twenty-nine patients who participated (mean age 63.9, standard devia-

tion 10.2), 40%-70% doubted the necessity of or lacked knowledge about the efficacy of

statins, 20%-35% of the patients were worried about joint and muscle side effects or had

experienced these, and 23% had encountered practical problems regarding information

about statins, intake of tablets, the package, or the blister. Experiencing more practical

problems was associated with increased unintentional non-adherence (Odds ratio 1.54,
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95%CI:1.13–2.10, P < 0.01), whereas worrying about side effects was associated with

increased intentional non-adherence (Odds ratio 1.90, 95%CI:1.17–3.08, P < 0.01). Higher

'perceived self-efficacy' did not moderate these associations.

Conclusions

Insight into patients' specific barriers with regard to appropriate statin use may reveal per-

sonal reasons for being non-adherent. The Tailored Medicine Inventory is a promising tool

to devise individualized intervention strategies aimed at improving adherence by the clini-

cian-patient alliance.

Introduction
Statins are an effective therapy for the primary and secondary prevention of cardiovascular dis-
ease. [1] At the same time, physicians and pharmacists are faced with the challenge of patient
non-adherence to statin therapy. Not only is non-adherence substantial, as it ranges from 30%-
60% at 6 to 12 months after therapy initiation [1], its causal structure is also likely to be multi-
factorial with different predictors being important for different patients. [2] Adherence
improving interventions should therefore be tailored to individual patients' needs and circum-
stances and require comprehensive insight into various potential barriers to patients' appropri-
ate use of statins. However, time and other constraints in clinical practice pose obstacles for
physicians and pharmacists to understand individual patient barriers.

In this study, we therefore propose and examine a strategy to assess a wide array of patient
specific perceptions and experiences in a manner that is both comprehensive and efficient. Spe-
cifically, we adopted the Tailored Medicine Inventory (TMI) that was previously used to assess
perceptions and experiences with regard to the efficacy, side effects, and practical problems
encountered by patients who were treated with antidepressants [3] and women who were
treated with endocrine therapy for prevention of breast cancer recurrence. [4] By adopting logi-
cal routes, the TMI enables skipping of side effects and practical problems that are not applica-
ble to an individual patient. This enables researchers to include many different potential
predictors of non-adherence while test burden can also be kept at a minimum for patients who
encounter only few problems.

Findings of the TMI about specific perceptions and experiences with regard to statin use are
likely to be complementary to findings from other studies which have adopted a patient-oriented
perspective, but which have focused on more general patient beliefs about statins. [1,5]

Specifically, we examined whether one of such more distal patient beliefs, namely 'perceived
self-efficacy', compensated for the impact of side effects and practical problems and as such
weakened the association of specific adverse perceptions and experiences with non-adherence.
A patient's 'perceived self-efficacy' can be defined as his or her perceived ability or confidence
to execute a particular behavior. In our study, we focused on 'perceived self-efficacy' with
regard to 'learning about' and 'taking of' statins. Higher levels of 'perceived self-efficacy' with
regard to learning about and taking of statins were previously found to be associated with bet-
ter adherence. [6] We therefore hypothesized higher levels of 'perceived self-efficacy' to at least
partially undo the negative impact of adverse experiences on adherence. Finally, we also distin-
guished between 'unintentional non-adherence' due to forgetting, and 'intentional non-adher-
ence' or more conscious unwillingness to take statins.
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Accordingly, the aims of this study were to comprehensively and efficiently examine
patients' perceptions and experiences, their 'perceived self-efficacy', as well as associations with
non-adherence.

Material and Methods

Participants
For this cross-sectional study, patients were recruited through community pharmacies between
January and August 2012 and were included if they were being, or had been treated with statin
therapy in the year prior to recruitment. For ethical reasons, patients were excluded if they
were likely to suffer from severe or terminal illness, psychotic disorders, and dementia as
inferred from their use of co-medication or at the discretion of the pharmacist e.g. in case of
psychosocial problems. Eligible patients participated through filling out an online question-
naire. To reduce selection bias, face-to-face interviews using the TMI were conducted in the
pharmacy with older people who were less likely to access the online questionnaire and with
patients whose refill histories revealed that they had missed� 1 prescriptions in the past year
and who were therefore suspected to be non-adherent. For all patients, refill data were
extracted from the automated dispensing records of the pharmacy. The medical ethical com-
mittee of the Leiden University Medical Center approved the study. All patients who partici-
pated online and in the pharmacy gave informed consent.

Demographic and clinical characteristics
We assessed patients' demographic and clinical characteristics including duration of use. To
distinguish between primary and secondary prevention, we assessed patients' indication for
statin use which included elevated cholesterol levels and/or diabetes versus myocardial infarc-
tion, angina pectoris, transient ischemic attack, stroke and/or intermittent claudication or hav-
ing undergone percutaneous coronary intervention and/or coronary bypass artery grafting.

The Tailored Medicine Inventory
Development of the Tailored Medicine Inventory (TMI) has been described elsewhere. [3,4]
Beliefs about the efficacy of statins were assessed with regard to prophylactic efficacy as well as
experiences regarding knowledge and information about the efficacy (12 statements) [7–12]
(see S1 Appendix). Responses to each of the statements were scored on five-point scales (0,
fully disagree; 4, fully agree). Factor analysis (varimax rotation) and inspection of the item con-
tents revealed 3 dimensions of which 2 had sufficient internal consistency, namely 'knowledge
and information about the efficacy' and 'being convinced of the necessity' (see S1 Appendix).

Worry about side effects was assessed for known side effects of statins including: (a) muscu-
lar and joint pain or cramps, (b) vomiting or feeling nauseous, (d) intestinal complaints, (c)
rash, (d) fatigue and (e) insomnia. [1, 13–14] Experiences with known side effects mentioned
above and less-known side effects were assessed with a comprehensive checklist consisting of
classes of side effects with regard to: (a) memory and concentration, [15–16] (b) emotional
problems, [10, 15–18] (c) additional skin and hair problems, [18–20] (d) heart and veins,
[15,17,20] (e) bladder, [18, 20] (f) gynecologic and sexual complaints (in women), [10–11,15,
17–18] (g) male sexual problems, [14, 20] (h) additional stomach problems, [15–17, 20] and (i)
additional muscle complaints. [1]

To avoid test burden, experiences with regard to side effects were efficiently assessed in a
three step manner enabled by logical routes (see Fig 1 for an illustration). First, patients had to
indicate which class(es) of side effects they had experienced. To avoid reporting bias, the
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specific side effects belonging to a class were displayed in parentheses behind that class. Subse-
quently, for each endorsed class of side effects, patients had to indicate which specific side
effect(s) they had experienced. Finally, only for the side effect(s) experienced, patients had to
indicate the level of bother. Worries about side effects were also efficiently assessed but in a two
step manner adopting steps 2 and 3 of the approach shown in Fig 1. Level of worrying and
bother were assessed on five point scales (1, not bothersome/some worry; 5, very bothersome/
very worried).

Practical problems of statin use were also assessed in the same tailored manner in which
experiences with side effects were assessed. The comprehensive checklist of practical problems
consisted of specific problems with regard to (a) (written) information, [6,17 21– 23] (b) logis-
tical problems such as availability and getting refills, [11,24] (c) dosage and intake,
[10,16,22,25] (d) packaging, [11,22, 24] and (e) other problems. [1] Here too, level of bother
was assessed on a five point scale (1, not bothersome; 5, very bothersome).

Perceived Self-efficacy
´Perceived self-efficacy´ with regard to 'learning about' and 'taking of' statins was assessed with
the 8-item Medication Understanding and Use Self-efficacy (MUSE) scale. [6] Internal consis-
tencies (alphas) were 0.85 for the previously reported dimension of ´perceived self-efficacy´
with regard to 'learning about' statins (4 items, scoring range 0–12) and 0.80 for 'taking of' stat-
ins (4 items, scoring range 2–12).

Therapy Adherence
Non-adherence was assessed in the way as described elsewhere. [3] Self-reported non-adher-
ence was assessed with the items from the Medication Adherence Rating Scale (MARS) [26]
and the new Morisky Medication Adherence Scale (MMAS), [27] as well as additional items
about forgetting to take statin tablets and persistence of taking statins. Factor analysis (varimax

Fig 1. Example of tailored examination with the TMI.

doi:10.1371/journal.pone.0146272.g001
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rotation), internal consistency measures, and inspection of the item contents supported the
notion that the items measured 'unintentional non-adherence' due to forgetfulness and 'inten-
tional non-adherence' or more deliberate non-adherence as underlying dimensions. Accord-
ingly, for every patient, (un)intentional non-adherence total scores were calculated by
summating the items measuring (un)intentional non-adherence (See S2 Appendix).

In addition, non-adherence was inferred from the pharmacy refill data. To that end, a Medi-
cation Possession Ratio (MPR) was calculated using information on statin dispensing data
prior to the date on which patients were recruited for the study. We followed the methodology
previously described by Gardarsdottir et al. [28] So-called 'treatment episodes' were calculated
by allowing 90-day gaps between the theoretical end date of a statin prescription and a succes-
sive statin prescription. Where the dispensing date of the successive statin prescription pre-
ceded the theoretical end date of the prior prescription, this overlap was accounted for. For
each patient, the MPR was calculated for the last treatment episode prior to recruitment.

Statistical Analysis
Perceptions and experiences were summarized by means of descriptive statistics. The total
scores of unintentional and intentional non-adherence were found to be skewed, and were
therefore dichotomized at<80% versus�80% of the score distribution (unintentional non-
adherence, score of 0 vs.�1; intentional non-adherence, score of�1 vs.�2). Likewise, the
MPR was dichotomized (adherence� 80% vs. non-adherence< 80%). Associations of non-
adherence with patient perceptions and experiences were examined with logistic regression
analysis. First, we conducted a series of univariate logistic regression analyses in which we
included demographic and clinical characteristics, mode of participation (online vs. face-to-
face interview), the extent of patients' knowledge about the efficacy and the extent to which
they were convinced of the efficacy, the number of side effects patients were worried about or
had experienced, the number of experienced practical problems as well as 'perceived self-effi-
cacy'. Variables which had a univariate association with non-adherence (P< 0.10) were subse-
quently entered as independent variables into three multivariate logistic regression models
with self-reported intentional and unintentional non-adherence, as well as the MPR calculated
from the pharmacy refill data as the dependent variables. For each significant independent var-
iable reflecting patient experiences and perceptions, we included an interaction term between
that variable and 'perceived self-efficacy' with regard to 'learning about' and 'taking of' statins.
All analyses were done with SPSS version 20 (See S3 Appendix for Dataset).

Results
A total of 229 patients participated. Of them, 41 (18%) participated through a face-to-face
interview. Table 1 presents the demographic and clinical characteristics of the patients.

Contrasting patients who (fully) disagreed with or were neutral (score� 2 on 5-point scale)
versus those patients who (fully) agreed (score�3 on 5-point scale) with various statements
about the efficacy showed that substantial numbers of patients did not believe the use of statins
to be necessary (N = 92, 40%), were not convinced of (N = 109, 48%) or doubted the efficacy
(N = 108, 47%), did not believe statins to prevent (recurrence of) cardiovascular disease
(N = 112, 49%) or thought the efficacy to be limited (N = 163, 71%). Although 194 (85%)
patients reported that they knew why they needed to use statins, 131 (57%) patients did not
know how statins worked, 116 (51%) patients lacked information thereof, and 101 (44%)
patients did not know to what extent statins reduced the risk of heart disease, but 99 (43%) also
disagreed with the statement that "You have to believe that statins work, otherwise you might
just as well not use them".
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Table 2 presents the side effects associated with statins (both worry and experience assessed)
and other side effects (only experience assessed). Over a quarter to a third of patients expressed
worry about ache, stiffness, swelling or inflammation of joints, and muscular pain or muscle
cramps. Fewer patients worried about intestinal complaints, fatigue and insomnia and few
patients worried about vomiting or feeling nauseous and rash (see Table 2). The mean level of

Table 1. Demographic and clinical characteristics of the patients.

Variables Statistic

N participants 229

Demographic characteristics

n (%) men 146 (64)

mean age (SD) in years 63.9 (10.2)

n (%) married or living together 185 (81)

n (%) higher educated (vs. low to intermediate) * 105 (46)

Clinical Characteristics

Status of statin use

n (%) starters (< 3 months) 21 (9)

n (%) users (> 3 months) 189 (83)

n (%) discontinued 19 (8)

Duration of use

Users

n (%) 0–1 years 23 (12)

n (%) 1–4 years 64 (34)

n (%) 4 years or longer 102 (54)

Discontinued

n (%) 0–1 years 6 (32)

n (%) 1–4 years 8 (42)

n (%) 4 years or longer 5 (26)

Name of statin treatment

n (%) Atorvastatin 41 (18)

n (%) Fluvastatin 2 (1)

n (%) Pravastatin 19 (8)

n (%) Rosuvastatin 27 (12)

n (%) Simvastatin 140 (61)

Primary vs. Secondary Prevention **

Primary Prevention

n (%) elevated cholesterol 117 (51)

n (%) diabetes 37 (16)

Secondary Prevention

n (%) MI/AP/ TIA/Stroke/ IC 81 (35)

n (%) PCI 31 (14)

n (%) CBAG 12 (5)

* originally scored on an 8-point scale (1, elementary education; 8, university) and dichotomized � 4 (low

to intermediate educational level) vs. � 5 (higher educational level).

** total sum of reported percentages exceeds 100%, because patients could have >1 indication.

Abbreviations: MI, Myocardial Infarction; AP, Angina Pectoris; TIA, Transient Ischemic Attack; IC,

Intermittent Claudication, PCI, Percutaneous Coronary Intervention; CBAG, Coronary Bypass Artery

Grafting.

doi:10.1371/journal.pone.0146272.t001
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Table 2. Worry about and experience of side effects associated with statin use.

Side Effects

Worry Experience

Yes n (%) M level (SD) Yes n (%) M level (SD)

Side effects associated with statins

Ache, stiffness, swelling joints 62 (27) 3.6 (1.4) 46 (20) 4.6 (0.6)

Muscular pain or muscle cramps 80 (35) 3.7 (1.4) 56 (25) 4.6 (0.8)

Vomiting or feeling nauseous 6 (3) 3.7 (0.8) 3 (1) 3.7 (1.2)

Intestine complaints 35 (15) 3.3 (1.4) 20 (9) 4.8 (0.4)

Rash 19 (8) 3.1 (1.2) 14 (6) 4.1 (1.0)

Fatigue 34 (15) 2.9 (1.2) 18 (8) 4.5 (0.7)

Insomnia 33 (14) 3.2 (1.4) 26 (11) 4.4 (0.9)

Other side effects

Memory, concentration or tiredness

Sleepiness or drowsiness 7 (3) 4.7 (0.8)

Forgetfulness 14 (6) 4.5 (0.8)

Diminished concentration 15 (7) 4.7 (0.6)

Gynecological complaints

Painful or sensitive breasts 3 (1) 4.0 (1.0)

Vaginal discharge, dryness or itch 3 (1) 3.7 (1.5)

Hot flashes 6 (3) 3.7 (1.2)

Decreased libido 8 (4) 3.5 (1.2)

Male sexual problems

Decreased ejaculation 16 (7) 3.4 (1.5)

Decreased erection 27 (12) 4.1 (1.3)

Decrease libido 13 (6) 3.9 (1.3)

Mood

Feeling restless 11 (5) 4.2 (0.9)

Emotional bluntness 5 (2) 4.0 (0.7)

Gloomy mood 9 (4) 4.1 (1.0)

Anxiety, panic or insecurity 7 (3) 4.7 (0.8)

Skin or hair

Hair loss 8 (4) 3.5 (1.1)

Sweating 16 (7) 4.1 (1.0)

Heart, vessels or bladder

Heart palpitations 6 (3) 4.7 (0.8)

Orthostatic hypotension 10 (4) 3.7 (1.3)

Edema 14 (6) 3.8 (1.4)

Urinary retention 4 (2) 3.8 (1.0)

Incontinence 13 (6) 4.2 (1.2)

Mouth, stomach or intestines

Ache, cramps, heartburn or bloating 16 (7) 4.6 (0.9)

Dry mouth 31 (14) 3.8 (1.2)

Muscles, bones or joints

Trembling 3 (1) 3.0 (1.7)

Backache 28 (12) 4.5 (0.6)

doi:10.1371/journal.pone.0146272.t002
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worry was on average moderate to high. No clear differences in mean levels of evoked worry
were observed for the various side effects. At the same time, individual differences in evoked
worry were observed. A fifth of the patients had experienced well-known side effects of statins
including ache, stiffness, swelling or inflammation of joints and muscular pain or muscle
cramps (see Table 2). Some less-known side effects of statins that were frequently experienced
included decreased erection (in males), a dry mouth, and backache. The mean level of bother
was on average moderate to high.

Eighty-seven patients (38%) had experienced one or more practical problems. The most fre-
quently experienced practical problems were those with regard to information, intake of tab-
lets, and package (N = 53, 23%) and limitations in daily life (N = 35, 15%). Logistical problems
such as getting insufficient statin tablets (N = 17, 7%) and concerns about medication interac-
tions were less often reported (N = 27, 12%). On average, practical problems posed moderate
hindrance to patients (mean level of hindrance varying from 2.5–3.5). Again, variation in level
of hindrance between patients was observed (standard deviations of hindrance levels varying
from 1.1–1.3). The mean score of 'perceived self-efficacy' with regard to 'learning about' statins
was 10.0 (standard deviation 2.5) and with regard to 'taking of' statins it was 10.9 (standard
deviation 1.9).

Turning to non-adherence, the likelihood of unintentional non-adherence was increased by
1.5 fold for each experienced practical problem. The likelihood of intentional non-adherence
was increased by 1.9 fold for each additional side effect worried about. Higher 'perceived self-
efficacy' with regard to ' taking statins' was associated with both a decreased likelihood of unin-
tentional and intentional non-adherence (See Table 3). However, 'perceived self-efficacy' did

Table 3. Multivariate Logistic Regression: Prediction of self-reported unintentional and intentional non-adherence and non-adherencemeasured
with the Medication Possession Ratio by patients' perceptions and experiences.

Self-reported Non-adherence Refill Non-adherence

Predictors Unintentional a Intentional b MPR c

Odds ratio (95%CI) Odds ratio (95%CI) Odds ratio (95%CI)

Age 0.98 (0.94–1.02)

Duration of use 0.58 (0.34–0.98)* 1.91 (0.92–3.94)

Primary vs. secondary prevention

Primary prevention Reference Category

Secondary prevention 0.44 (0.17–1.10)

Efficacy:

Being convinced of necessity 0.93 (0.80–1.08) 0.88 (0.74–1.04)

Side effects:

Number of side effects worried about 1.90 (1.17–3.08) †

Number of side effects experienced 0.94 (0.71–1.23)

Practical problems:

Number of practical problems 1.54 (1.13–2.10) †

Learning 'perceived self-efficacy' (MUSE) 1.06 (0.87–1.30)

Taking 'perceived self-efficacy' (MUSE) 0.55 (0.42–0.73) † 0.76 (0.62–0.92) † 0.85 (0.69–1.05)

Patients included in the analysis:
a & b: N = 192;
c: N = 190

* P < 0.05;
† P < 0.01; MPR, Medication Possession Ratio; CI, Confidence Interval; MUSE, Medication Understanding and Use Self-efficacy Scale.

doi:10.1371/journal.pone.0146272.t003
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not weaken the aforementioned associations between non-adherence and negative perceptions
and experiences (results not shown). No associations were found between patient perceptions
and experiences with the MPR calculated from the pharmacy refill data.

Discussion
Overall, our findings showed that a substantial number of patients faced a wide array of specific
barriers to appropriate statin use. Many patients doubted the necessity of statins and lacked
information about and knowledge of the efficacy of statins. There was often worry about and
experience of side effects, in particular the known muscle and joint side effects but also less-
known side effects such as decreased erection (in males), a dry mouth, and backache. Worry
about side effects was found to be associated with increased intentional non-adherence. Practi-
cal problems were also experienced and were associated with increased unintentional non-
adherence.

Contrary to our prediction, 'perceived self-efficacy' did not moderate, or specifically weaken,
the associations between non-adherence and negative perceptions and experiences regarding
the efficacy, the side effects, and the practical problems. This finding is consistent with our pre-
vious findings in patients treated with antidepressants [3] and women treated with endocrine
therapy for prevention of breast cancer recurrence. [4]

Generally, our findings were consistent with previous findings yet also expand these in sev-
eral regards and point to fruitful avenues for further research as well. First, our study of specific
barriers can be considered to be complementary to previous studies conducted in various
patient groups which adopted a patient oriented perspective but which addressed general
beliefs and characteristics. [5,9,10] Second, given that we found a positive association between
worry about side effects and intentional non-adherence and that less-known side effects of stat-
ins were also reported occasionally, assessments of side effects which are typically aimed at
actual experience of known side effects of statins [1, 12, 13] should be expanded with both
worry about side effects and less obvious side effects. Third, practical problems deserve also
further attention as these were associated with unintentional non-adherence. Although several
studies addressed practical problems, these were limited to specific ones. [1,23,24] A more
comprehensive list of practical problems, such as the one we examined, is therefore
recommended.

Our findings underline the potential of the TMI as an impetus to improving the communi-
cation about appropriate use of statins and adherence between clinicians and patients. Because
the TMI assesses a wide range of potential problems from the patient perspective, it is likely to
prevent patronizing of patients. [16] Furthermore, as the TMI is web-based, it can be easily
filled out by a patient prior to the consultation with a physician or pharmacist. Alternatively, it
could be adopted for use in the waiting room. Further implementation research must be con-
ducted to reveal how much shortening and simplification of the TMI is needed and how the
TMI should be applied in clinical practice. A next logical step would be to let clinicians and
patients formulate practical solutions to problems revealed by the TMI. The TMI can aid clini-
cians in tailoring adherence improving interventions to the needs of individual patients. Some
patients might need support in coping with worry about or experience of side effects or practi-
cal problems. Other patients could benefit from additional education about the efficacy of stat-
ins. [29] Indeed, a more subtle problem unraveled by the TMI was the finding on the one hand
that the majority of patients indicated that they knew why they needed to use statins, while on
the other hand substantially less people knew how statins worked, lacked information thereof,
or did not know to what extent statins reduced the risk of heart disease. [30] In future, such
individually tailored interventions might reduce the substantial non-adherence to statins [1].
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This study had several strengths. A key strength was the use of the TMI. Because the TMI
skips irrelevant items, it enables assessing a wide array of perceptions and experiences in a
manner that is both comprehensive and efficient. The TMI thereby reduces the chance of over-
looking crucial perceptions and experiences. Because the causal structure of non-adherence
seems to be multifaceted [2] in the sense that different negative perceptions and/or experiences
may explain non-adherence for different patients, assessing the wide array of perceptions and
experiences seems unavoidable. At the same time, the TMI is likely to prevent question burden
in patients who do not have experienced many side effects or practical problems. A specific
strength with regard to the assessment of side effects was the use of a comprehensive checklist.
We believe that for the understanding of adherence from the perspective of patients, it is not
relevant to distinguish between 'true' side effects that can be traced back to the pharmacody-
namic mechanisms through which statins exert their effects and 'false' side effects reflecting
unrelated symptoms. After all, adherence behavior is likely to be governed by what patients
believe, regardless of whether this is 'true' or 'false'. Moreover, unlikely side effects could also
reflect unknown side effects or unexpected reactions of the body to statins. Finally, in line with
previous recommendations, [2] a strength with regard to the assessment of adherence was that
we adopted both self-reported adherence and adherence as inferred from pharmacy refill data.
While self-reported adherence is believed to be liable to social desirability bias, it allows to dis-
tinguish between non-adherence of a more unintentional and intentional nature. Although
pharmacy refill data are likely to be a more objective measurement of adherence, such a distinc-
tion is not rendered easily thereby making adherence inferred from pharmacy refill data a
more crude overall adherence measure that reflects both unintentional and intentional non-
adherence. The fact that differential associations were observed between patient perceptions
and experiences with self-reported unintentional and intentional non-adherence, but no asso-
ciations were found with adherence inferred from pharmacy refill data, are also interesting in
this regard. They actually contradict the liability of self-reported non-adherence to social desir-
ability bias and at the same time are actually in favor of the idea that adherence measured from
pharmacy refill data constitute a crude measurement. Clearly more research about this matter
is warranted.

Several limitations of this study deserve to be mentioned as well. First, we relied on self-
report to assess clinical characteristics and the findings could be liable to recall bias. However,
as discussed in the previous paragraph, this may be less of a problem for self-reported adher-
ence than mainstream paradigms suggest. Second, although we could infer non-adherence
from refill data, we had no medical data of patients. Therefore, we could not assess to what
extent non-adherence reflected non-acceptance on legitimate grounds e.g. a very low prophy-
lactic efficacy for a particular patient coupled with severe muscle side effects and other impair-
ments in everyday life. Third, our cross-sectional study design precluded an examination of
incident non-adherence and non-persistence and changes in perceptions and experiences over
time. Examination of a wide array of perceptions and experiences in longitudinal studies that
also enroll a greater number of patients who initiate statin therapy is therefore recommended.
Fourth, because of patient anonymity issues and because patients were only informed by mail
about the study, we decided not to record non-response. Although response bias may have
played a role, we deemed it not to be a key concern because our objective was not to estimate
the prevalence of patients' perceptions and experiences regarding the efficacy, side effects and
practical problems and we also observed ample variance in demographic and clinical
characteristics.

Taken together, we conclude that insight with the TMI into patients' specific barriers with
regard to appropriate statin use, is likely to reveal personal reasons for non-adherence that may
be dealt with by the clinician-patient alliance to overcome non-adherence.

Statin Non-Adherence from a Patient Perspective

PLOS ONE | DOI:10.1371/journal.pone.0146272 January 25, 2016 10 / 12



Supporting Information
S1 Appendix. Items to assess experiences and perceptions with regard to the efficacy of stat-
ins.
(DOC)

S2 Appendix. Items to assess unintentional and intentional non-adherence.
(DOC)

S3 Appendix. Dataset.
(SAV)

Acknowledgments
We thank all study participants for spending their time and efforts and the community phar-
macists and pharmacy interns for their assistance in collecting the data.

Author Contributions
Conceived and designed the experiments: HW LVD ECGVG AMSMLB. Performed the exper-
iments: HWNAWAMS. Analyzed the data: HW. Contributed reagents/materials/analysis
tools: HW LVD HCJG NAW ECGVG AMS MLB. Wrote the paper: HW LVD HCJG NAW
ECGVG AMSMLB.

References
1. Bates TR, Connaughton VM, Watts GF. Non-adherence to statin therapy: a major challenge for preven-

tive cardiology. Expert Opin Pharmacother. 2009; 10:2973–2985. doi: 10.1517/14656560903376186
PMID: 19954271

2. Osterberg L, Blaschke T. Adherence to medication. N Engl J Med. 2005; 353:487–497. PMID:
16079372

3. Wouters H, Bouvy ML, Van Geffen EC, Gardarsdottir H, Stiggelbout AM, Van Dijk L. Antidepressants in
primary care: patients' experiences, perceptions, self-efficacy beliefs, and nonadherence. Patient Pre-
fer Adherence 2014; 8:179–90 doi: 10.2147/PPA.S53748 PMID: 24550668

4. Wouters H, Stiggelbout AM, BouvyML, MaatmanGA, Van Geffen EC, Vree R, et al. Endocrine Therapy
for Breast Cancer: Assessing an Array of Women's Treatment Experiences and Perceptions, Their Per-
ceived Self-Efficacy and Nonadherence. Clin Breast Cancer 2014; 14:460–467 doi: 10.1016/j.clbc.
2014.04.005 PMID: 24981234

5. Khanderia U, Townsend KA, Erickson SR, Vlasnik J, Prager RL, Eagle KA. Medication adherence fol-
lowing coronary artery bypass graft surgery: assessment of beliefs and attitudes. Ann Pharmacother.
2008; 42:192–199. doi: 10.1345/aph.1K497 PMID: 18198242

6. Cameron KA, Ross EL, Clayman ML, Bergeron AR, Federman AD, Bailey SC, et al. Measuring
patients' self-efficacy in understanding and using prescription medication. Patient Educ Couns. 2010;
80:372–376. doi: 10.1016/j.pec.2010.06.029 PMID: 20650594

7. Wu JR, Chung M, Lennie TA, Hall LA, Moser DK. Testing the psychometric properties of the Medication
Adherence Scale in patients with heart failure.Heart Lung 2008; 37:334–343. doi: 10.1016/j.hrtlng.
2007.10.001 PMID: 18790334

8. Silliman RA, Guadagnoli E, Rakowski W, LandrumMB, Lash TL, Wolf R, et al. Adjuvant tamoxifen pre-
scription in women 65 years and older with primary breast cancer. J Clin Oncol. 2002; 20:2680–2688.
PMID: 12039930

9. Sirey JA, Bruce ML, Alexopoulos GS, Perlick DA, Friedman SJ, Meyers BS. Stigma as a barrier to
recovery: Perceived stigma and patient-rated severity of illness as predictors of antidepressant drug
adherence. Psychiatr Serv. 2001; 52:1615–1620. PMID: 11726752

10. Grunfeld EA, Hunter MS, Sikka P, Mittal S. Adherence beliefs among breast cancer patients taking
tamoxifen. Patient Educ Couns. 2005; 59:97–102. PMID: 16198223

11. Chlebowski RT, Geller ML. Adherence to endocrine therapy for breast cancer.Oncology 2006; 71:1–9.
PMID: 17344666

Statin Non-Adherence from a Patient Perspective

PLOS ONE | DOI:10.1371/journal.pone.0146272 January 25, 2016 11 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0146272.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0146272.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0146272.s003
http://dx.doi.org/10.1517/14656560903376186
http://www.ncbi.nlm.nih.gov/pubmed/19954271
http://www.ncbi.nlm.nih.gov/pubmed/16079372
http://dx.doi.org/10.2147/PPA.S53748
http://www.ncbi.nlm.nih.gov/pubmed/24550668
http://dx.doi.org/10.1016/j.clbc.2014.04.005
http://dx.doi.org/10.1016/j.clbc.2014.04.005
http://www.ncbi.nlm.nih.gov/pubmed/24981234
http://dx.doi.org/10.1345/aph.1K497
http://www.ncbi.nlm.nih.gov/pubmed/18198242
http://dx.doi.org/10.1016/j.pec.2010.06.029
http://www.ncbi.nlm.nih.gov/pubmed/20650594
http://dx.doi.org/10.1016/j.hrtlng.2007.10.001
http://dx.doi.org/10.1016/j.hrtlng.2007.10.001
http://www.ncbi.nlm.nih.gov/pubmed/18790334
http://www.ncbi.nlm.nih.gov/pubmed/12039930
http://www.ncbi.nlm.nih.gov/pubmed/11726752
http://www.ncbi.nlm.nih.gov/pubmed/16198223
http://www.ncbi.nlm.nih.gov/pubmed/17344666


12. Mann DM, Allegrante JP, Natarajan S, Halm EA, Charlson M. Predictors of adherence to statins for pri-
mary prevention.Cardiovasc Drugs Ther. 2007; 21:311–316. PMID: 17665294

13. Colivicchi F, Bassi A, Santini M, Caltagirone C. Discontinuation of statin therapy and clinical outcome
after ischemic stroke. Stroke 2007; 38:2652–2657. PMID: 17761916

14. Product of Summary Characteristics. European Medicines Agency. Available: www.ema.europa.eu.

15. Fink AK, Gurwitz J, Rakowski W, Guadagnoli E, Silliman RA. Patient beliefs and tamoxifen discontinu-
ance in older women with estrogen receptor—positive breast cancer. J Clin Oncol. 2004; 22:
3309–3315. PMID: 15310774

16. Masand PS. Tolerability and adherence issues in antidepressant therapy.Clin Ther. 2003; 25:
2289–2304. PMID: 14512135

17. Demissie S, Silliman RA, Lash TL. Adjuvant tamoxifen: predictors of use, side effects, and discontinua-
tion in older women. J Clin Oncol. 2001; 19:322–8. PMID: 11208822

18. Ziller V, Kalder M, Albert US, Holzhauer W, Ziller M, Wagner U, et al. Adherence to adjuvant endocrine
therapy in postmenopausal women with breast cancer. Ann Oncol. 2009; 20:431–6. doi: 10.1093/
annonc/mdn646 PMID: 19150950

19. Güth U, Huang DJ, Schötzau A, Zanetti-Dällenbach R, HolzgreveW, Bitzer J, et al. Target and reality of
adjuvant endocrine therapy in postmenopausal patients with invasive breast cancer. Br J Cancer 2008;
99:428–33. doi: 10.1038/sj.bjc.6604525 PMID: 18665168

20. Uher R, Farmer A, Henigsberg N, Rietschel M, Mors O, Maier W, et al. Adverse reactions to antidepres-
sants. Br J Psychiatry. 2009; 195:202–210. doi: 10.1192/bjp.bp.108.061960 PMID: 19721108

21. Carpenter DM, DeVellis RF, Fisher EB, DeVellis BM, Hogan SL, Jordan JM. The effect of conflicting
medication information and physician support on medication adherence for chronically ill patients.
Patient Educ Couns. 2010; 81:169–176. doi: 10.1016/j.pec.2009.11.006 PMID: 20044230

22. Van Geffen EC, Meuwese E, Philbert D, Bouvy ML. Problems with medicine packages: experiences
reported to a Dutch medicine reporting system. Ann Pharmacother. 2010; 44:1104–1109 doi: 10.1345/
aph.1P052 PMID: 20442349

23. Maddox TM, Ho PM. Medication adherence and the patient with coronary artery disease: challenges
for the practitioner. Curr Opin Cardiol. 2009; 24:468–472. doi: 10.1097/HCO.0b013e32832ed62d
PMID: 19550308

24. Ellis JJ, Erickson SR, Stevenson JG, Bernstein SJ, Stiles RA, Fendrick AM. Suboptimal statin adher-
ence and discontinuation in primary and secondary prevention populations. J Gen Intern Med. 2004;
19:638–645. PMID: 15209602

25. Brook OH, van Hout HP, StalmanWA, de Haan M. Nontricyclic antidepressants: predictors of nonad-
herence. J Clin Psychopharmacol. 2006; 26:643–647. PMID: 17110823

26. Horne R, Weinman J. Patients' beliefs about prescribed medicines and their role in adherence to treat-
ment in chronic physical illness. J Psychosom Res. 1999; 47:555–567. PMID: 10661603

27. Morisky DE, Ang A, Krousel-Wood M,Ward HJ. Predictive validity of a medication adherence measure
in an outpatient setting. J Clin Hypertens. (Greenwich) 2008; 10:348–354.

28. Gardarsdottir H, Souverein PC, Egberts TC, Heerdink ER. Construction of drug treatment episodes
from drug-dispensing histories is influenced by the gap length. J Clin Epidemiol. 2010; 63:422–427.
doi: 10.1016/j.jclinepi.2009.07.001 PMID: 19880282

29. Casebeer L, Huber C, Bennett N, Shillman R, Abdolrasulnia M, Salinas GD, et al. Improving the physi-
cian-patient cardiovascular risk dialogue to improve statin adherence. BMC Fam Pract. 2009; 10:48.
doi: 10.1186/1471-2296-10-48 PMID: 19566950

30. Villeneuve J, Genest J, Blais L, Vanier MC, Lamarre D, Fredette M, et al. A cluster randomized con-
trolled Trial to Evaluate an Ambulatory primary care Management program for patients with dyslipide-
mia: the TEAM study. CMAJ 2010; 182:447–455. doi: 10.1503/cmaj.090533 PMID: 20212029

Statin Non-Adherence from a Patient Perspective

PLOS ONE | DOI:10.1371/journal.pone.0146272 January 25, 2016 12 / 12

http://www.ncbi.nlm.nih.gov/pubmed/17665294
http://www.ncbi.nlm.nih.gov/pubmed/17761916
http://www.ema.europa.eu
http://www.ncbi.nlm.nih.gov/pubmed/15310774
http://www.ncbi.nlm.nih.gov/pubmed/14512135
http://www.ncbi.nlm.nih.gov/pubmed/11208822
http://dx.doi.org/10.1093/annonc/mdn646
http://dx.doi.org/10.1093/annonc/mdn646
http://www.ncbi.nlm.nih.gov/pubmed/19150950
http://dx.doi.org/10.1038/sj.bjc.6604525
http://www.ncbi.nlm.nih.gov/pubmed/18665168
http://dx.doi.org/10.1192/bjp.bp.108.061960
http://www.ncbi.nlm.nih.gov/pubmed/19721108
http://dx.doi.org/10.1016/j.pec.2009.11.006
http://www.ncbi.nlm.nih.gov/pubmed/20044230
http://dx.doi.org/10.1345/aph.1P052
http://dx.doi.org/10.1345/aph.1P052
http://www.ncbi.nlm.nih.gov/pubmed/20442349
http://dx.doi.org/10.1097/HCO.0b013e32832ed62d
http://www.ncbi.nlm.nih.gov/pubmed/19550308
http://www.ncbi.nlm.nih.gov/pubmed/15209602
http://www.ncbi.nlm.nih.gov/pubmed/17110823
http://www.ncbi.nlm.nih.gov/pubmed/10661603
http://dx.doi.org/10.1016/j.jclinepi.2009.07.001
http://www.ncbi.nlm.nih.gov/pubmed/19880282
http://dx.doi.org/10.1186/1471-2296-10-48
http://www.ncbi.nlm.nih.gov/pubmed/19566950
http://dx.doi.org/10.1503/cmaj.090533
http://www.ncbi.nlm.nih.gov/pubmed/20212029

