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Abstract: Current self-report medication adherence measures often provide heavily skewed
results with limited variance, suggesting that most participants are highly adherent. This contrasts
with findings from objective adherence measures. We argue that one of the main limitations of
these self-report measures is the limited range covered by the behaviors assessed. That is, the
items do not match the adherence behaviors that people perform, resulting in a ceiling effect. In
this paper, we present a new self-reported medication adherence scale based on the Rasch model
approach (the ProMAS), which covers a wide range of adherence behaviors. The ProMAS was
tested with 370 elderly receiving medication for chronic conditions. The results indicated that
the ProMAS provided adherence scores with sufficient fit to the Rasch model. Furthermore, the
ProMAS covered a wider range of adherence behaviors compared to the widely used Medication
Adherence Report Scale (MARS) instrument, resulting in more variance and less skewness in
adherence scores. We conclude that the ProMAS is more capable of discriminating between
people with different adherence rates than the MARS.

Keywords: questionnaire design, probabilistic models, methodology

Introduction

The number of people taking medication for chronic conditions is growing rapidly.'
Medication therapies provide the most health benefits when patients take their
medication as prescribed by their physician (ie, are adherent to their therapy).! However,
research shows that about 50% of patients with a chronic condition are not adherent,
with estimates ranging from 17%-80% adherence.*’ In particular, medications
for asymptomatic chronic conditions are found to have low adherence rates.® Poor
adherence rates can result in higher mortality rates (mortality rates have been reported
to be twice as high in the literature for people with poor adherence rates compared to
those with good adherence rates)’ and high health care costs (US$269 billion estimated
costs per year globally).>!° Because of these health and economic consequences of
nonadherence, improving adherence is an important focus area for many health care
organizations, policy makers, and research organizations. However, many challenges
remain, such as the measurement of adherence.

Measuring medication adherence

The reliable, accurate, and cost-effective assessment of individual medication
adherence rates has proven to be difficult, and to date, there is no gold standard to
measure adherence.'*!° Accurate and cost-effective measurements are essential to
understand the nonadherence problem to its full extent and measure the effects of
adherence interventions. Current measures do not seem to be able to fulfill this need;
therefore, new measures are needed.'®!
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Two broad categories of current adherence measures can
be distinguished: objective and subjective measurements. The
most frequently used objective measurements are pharmacy
refill data and electronic pillbox monitoring.!*'>!* Pharmacy
refill data indicate when prescriptions were filled. Electronic
pillbox monitoring indicates when the pillbox was opened.
These measures have several limitations: a limited set of
adherence behaviors is measured (eg, filling prescriptions
and opening of the pill bottle), and the resulting data do not
show whether the patient has actually taken the medication
and what dose was taken.'* Furthermore, pharmacy refill
data do not provide detailed information, because most
pick-up moments occur infrequently (approximately once
every 3 months), and adherence information is lacking from
in between these pick-up moments.'* Electronic pillbox
monitoring provides more detailed data, but is expensive, and
therefore, its use is often limited to smaller sample sizes.

Self-report measures deal with several limitations of the
objective measurements: larger sample sizes can be tested
easily and a wider range of adherence behaviors can be
assessed. Various adherence self-report scales have been
proposed in the literature.'" However, these self-report scales
suffer from several limitations, resulting in adherence rates
that often deviate substantially from the objective measures!!
and highly overestimated adherence.'®!%!7

Limitations of self-report measures

One of the main limitations of the existing self-report mea-
sures is the limited range of nonadherence behaviors covered
by the items and unawareness of the frequency with which
these behaviors are performed. There is a wide range of
adherence behaviors (eg, stopping medication for a while,
changing the dose, or taking the medication too late)!®!*and
these behaviors differ in the frequency with which they are
performed and the numbers of people that perform them.?
For example, it is probable that a behavior such as taking
medication 1 hour later is performed by more patients than
stopping taking medication for 1 week. Most self-report
measures only assess a limited set of these behaviors and this
limited set includes mostly behaviors that are performed by
only a minority of the participants. Therefore, an assessment
of additional behaviors is necessary to improve the ability of
these scales to measure adherence.

The frequency of performing adherence behaviors can be
compared to the difficulty of questions in a math test. The
questions in any math test need to be matched to the math
abilities of the students, because if the majority of the students
answer all the questions correctly (or incorrectly), the test

is too easy (or too difficult) and it becomes impossible to
discriminate between the students’ math abilities. The range
of difficulty of questions should be extended to cover the
range of math 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 adherence behaviors. If a scale consists only of
adherence behaviors that the vast majority of participants
report, the scale is too ‘easy’ and behaviors should be added
that are performed by only a proportion of the participants.
Many current adherence measures include mainly nonadher-
ence behaviors performed by none or a small minority of the
participants. As a result, most patients appear to be perfectly
adherent and we cannot differentiate between the partici-
pants’ adherence levels. We argue that items should cover
the wide range of adherence behaviors that are performed
by the target population of the measure.

The Rasch model

The Rasch model is particularly well-suited to develop a
scale that matches the various adherence behaviors of the
participants.?** The Rasch model is often used to measure
ability in educational settings, where it is obvious that a test
would include items with a range of item difficulties (eg,
amath test usually includes items that range from easy to dif-
ficult). For measuring psychological constructs and behavior,
scientists generally use factor analysis, even though Rasch
measurement might give a more accurate description of the
data when item difficulties vary.?>** We believe that this is
the case for medication adherence, and therefore the use of
the Rasch model in this paper represents an appropriate and
novel method for developing adherence measures.

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. [tem-free measurement means that
the person measure is independent of the measurement tool
used (eg, it should not matter which ruler we use to measure
aperson’s height; similarly, it should not matter which [sub]
set of questionnaire items we use). Item-free measurement
makes a comparison of person ability estimates possible when
these 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 behaviors reported by participants and
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their overall adherence mathematically (see Equation 1 and
Bond and Fox?' for more information):

IH[MJ=3_§_ )
I-p(x, =D "

Asrepresented in Equation 1, the natural logarithm of the
odds of agreeing to an item i by patientn (p[x , 1]) is described
as a function of this patient’s adherence score (theta; 6 ) and
the item’s difficulty score (delta; 6). In a medication adher-
ence questionnaire, item difficulty scores would correspond
to the number of patients reporting to be nonadherent on an
item. Both the adherence scores and difficulty scores are
measured in logits (log odd units) and estimated based on the
data.?! 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 be nonadherent on the behaviors on which
most of the persons are nonadherent, while persons with a
low adherence score are also expected to be nonadherent on
the behaviors on which fewer people are nonadherent. 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 1 week. This
means that the items are transitively ordered by their difficulty
scores (eg, 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 behavioral adherence difficulties would result in a scale
that differentiates between participants better than existing
self-report measures.

The ProMAS

In this paper we describe the development of the Probabilistic
Medication Adherence Scale (the ProMAS). The ProMAS
assesses a range of adherence behaviors with varying dif-
ficulty levels, using the Rasch model approach. We expect
that the use of these behaviors enables the derivation of one
latent variable behind these behaviors; a disposition to be
adherent. Thirty-seven behaviors were selected based on
patient interviews, an extensive literature review, existing
adherence measures,'**? and a pre-test. Items of the final

scale were phrased such that they described behaviors only,
and did not include cognitions or determinants of nonadher-
ence. The scale was shortened by selecting the items with
varying item difficulties, such that the item set matched the
behaviors reported by the participants. The item set matches
the behaviors reported when there is a range in item difficulty
scores, such that the full range of person abilities is covered.
The selected items were tested on item and person fit and
dimensionality and compared to one of the most often used
existing measures (the Medication Adherence Report Scale
[MARS] developed by Horne and Weinman).?*? The goal
of this research was to develop a scale that included a range
of adherence behaviors matched to the target population, to
find a better way to quantify adherence behavior and to test
whether one latent variable (an adherence disposition) can be
inferred from the range of adherence behaviors. The behav-
iors assessed should provide data with sufficient reliability
scores and correlations to the MARS. We expected that one
underlying latent variable (adherence disposition) could be
construed from the different nonadherence behaviors 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.!

Method

Participants

The study was completed by 370 participants, aged 65 years
and over (mean age: 68.0 years, standard deviation [SD]:
7.1; 141 females, 213 males, 16 unknown), whose education
ranged from primary education to university. Elderly partici-
pants were chosen because many elderly suffer from at least
one chronic condition.? The sample included 182 participants
with cardiovascular diseases, 92 with diabetes, 32 with osteo-
porosis, and 71 with chronic obstructive pulmonary disease.
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
comorbidities (181 participants). On average, participants
had taken medication for 13 years. The participants were
recruited by a recruitment agency (PanelClix).?” The agency
has gathered a panel of participants that have opted-in to
participate in research in exchange for points. The agency
randomly selected Dutch participants from its database
aged 65 years and over. These participants were invited to
participate in the study via an email including a web-link to
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the study. Participants were also able to access the link via
the PanelClix website. Participants were asked whether they
had a chronic condition, whether they took pills, and how
often they took those pills. Only participants who took pills
daily for a chronic condition could proceed to the survey
and were included in the study. The survey was closed when
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 in the form of
points provided to the participants by PanelClix.

Procedure and materials

The study consisted of a single online session, which took
about 10 minutes to complete. Participants received a short
introduction to the study, after which they were asked to fill out
the ProMAS. Next, the MARS? was administered, followed
by demographic questions. Finally, participants were thanked
and debriefed. The study was in the Dutch language.

ProMAS
We composed an extensive list of 37 types of adherence
behaviors based on patient interviews, a broad literature
review, existing adherence measures (such as the MARS and
Morisky Medication Adherence Scales),'**** and a pre-test.
In the pre-test, 51 items were tested using Rasch analysis
with 528 participants (different participants from the present
study). Several items included in the pre-test were rephrased,
removed, or added before inclusion in the current study.
The behaviors were adapted to conform to the scale’s item
format. All items in the final scale consisted of an uncondi-
tional statement describing an adherence behavior (and not
its determinants). This means that items such as ‘I skip my
medication when I feel good” were not included because
it contains a conditional element (when I feel good) and a
determinant (only take medication when I do not feel good).
For each item (see Table 1 for the final item set and Table S1
for the items that were removed), participants could indicate
whether it corresponded with their own behavior by selecting
‘yes, true’ (coded with 1) or ‘no, not true’ (coded with 0).
The 37 items on the ProMAS were analyzed using the
Rasch methodology (see the introduction and Bond and Fox?!
for more information). For every item, a difficulty score
(delta) was estimated, based on the frequency of reported
adherence behaviors by the participants, and for every person,
an adherence score (theta) was estimated, based on the sum
of adherence behaviors reported. Difficulty scores (per item)
and adherence scores (per person) are expressed in logits.?!

Higher individual adherence scores in this analysis represent
better adherence rates. WINSTEPS software was used for
all Rasch analyses.?

MARS

The MARS is one of the most frequently used medication
adherence self-report scales?® and was included for com-
parison with the ProMAS. The MARS consists of seven
questions inquiring about different adherence behaviors
and reasons, such as ‘I alter the dose of my medicines’
(see Table S2 for the MARS items included in this study).
Participants were asked to indicate their own behavior on
a 5-point scale (1: never to 5: very often). 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 (0=0.704).

Results

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 behaviors of the participants (and thereby
covered the full range of person abilities). The goal of this
step was to reduce the number of items, in order to decrease
the burden on our (mostly elderly) participants. In the
second step, we calculated fit statistics and compared the
shortened scale to the MARS. The Rasch analysis was per-
formed in WINSTEPS.*® Comparisons between the MARS
and ProMAS were analyzed in SPSS (IBM Corporation, IBM
SPSS Statistics for Windows v20.0).

Step |:selecting the items that best

matched the participants’ behavior

The Rasch methodology was used to analyze 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 (SD: 1.51). Adherence
scores were estimated with a person separation reliability of
0.80 and a 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
asked for similar information, 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. 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.?! The expected value of the
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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 con-
ventional 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.?! For this type of study, mean squares values between
0.6 and 1.4 are considered reasonable.” A mean squares
value lower than 0.6 indicates that the response to an item
is too deterministic (ie, a Guttman-like response pattern;
00001111), while a value higher than 1.4 indicates a devia-
tion 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
standardized form, as z-scores.

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 (ie, ‘I do not take medication
when [ feel they do not work”). These items were screened
on their content and were not found to accurately measure
adherence and were therefore removed from the scale.

The remaining items still included items that were too
easy for this sample (ie, had low item difficulties). These
items were ordered into groups with similar difficulty
scores. For every group, items were screened on their
content by the authors (to check similarity to other items)
and fit. When items were similar in difficulty and content,
the item with the best fit was retained (ie, mean squares
closest to 1). This selection resulted in a final item set of
18 items (see Table 1 for the final item set and Table S1 for
items that were not included). A second Rasch analysis was
performed on the final item set. The difference between the
mean item difficulty and mean adherence score was 1.42
logits (SD: 1.57).

Step 2: tests on the final item set

Fit statistics

Adherence scores could be estimated by the model with a
separation reliability of 0.72 and a Cronbach’s alpha of 0.81.
Fit statistics were calculated for both items and persons. For
every person, the mean squared residuals of the response
string were calculated.?” 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 (Table 1). Therefore, all infit
and outfit mean squares values seemed to be within reasonable
limits. z-scores indicated that only one item had a significant
overfit (outfit) with the model (ie, the response pattern was
too deterministic). 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 the limits
of the Rasch model (ie, between 0.5 and 2).3° Therefore, we
concluded that all items fitted the model sufficiently.

We tested for item invariance by performing the Ben
Wright’s challenge.?! The sample was divided into a low and
high adherent subsample by a median split. Item difficulty
estimates for both subsamples were highly similar and all fell
within 95% confidence intervals (=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 indepen-
dent of the 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
(=0.865). Only one item did not fall within the 95% confi-
dence intervals (item 15: ‘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
(medication adherence disposition). 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 fit the Rasch model perfectly, the explained variance
would be 35.9% (see Linacre®! and Linacre® for calcula-
tions 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 (ie,
variance not explained by the Rasch model) may constitute
more than quantification variance, by performing a principal
components analysis (PCA) on the standardized residuals
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(a common procedure in Rasch analysis).>* The PCA revealed
that the first contrast (ie, 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 recom-
mended by Raiche,*® we calculated the eigenvalues of the
first contrast in 100 simulated similar datasets. 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, indicating that the first con-
trast 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 1
for the factor loadings on this contrast). Because all items
fitted the Rasch measure sufficiently, this second dimension
was not necessarily a problem; however, this contrast should
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 SD of 1.6 (3.7). Twenty-
five participants (7%) had a maximum adherence score
on the ProMAS. The MARS scores ranged from 1.14 to 4
with a mean of 3.6 (SD: 0.5) and 82 (22%) had a maximum
adherence score (see Table 2 for a categorical breakdown of
adherence scores). As expected, the ProMAS adherence esti-
mates correlated with the MARS scores (7=0.609), indicating
that the ProMAS measured a similar construct as the MARS.
As can be seen in Figure 1, the scores correlated best for the
low adherence patients. For the high adherence patients, little
variance was found in the MARS scores, while the ProMAS
provided more variance for these same persons. To test
whether the ProMAS items would provide items with a wider
range of item difficulty scores better matched to the behaviors

of the participants than the MARS items, we performed a
Rasch analysis including both the MARS and ProMAS 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 (Figure 2) shows that item
difficulty scores of the ProMAS items covered a wider range
than the MARS items. Furthermore, at the high adherence 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 adherence participants.
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. The results indicated that the ProMAS Rasch
estimates were not significantly skewed and did not have a
significant kurtosis (z<1.96; see Table 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, 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 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 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 (ie, Shapiro—Wilk is closer to 1) compared to the
MARS scores. See Table 3 for all normality test results.

Discussion
The goal of the current research was to find a better way
to quantify medication adherence behavior and develop a

Table 2 Categorical breakdown of adherence scores of the MARS and the ProMAS

Adherence ProMAS ProMAS MARS scores ProMAS frequency MARS frequency
category sum scores Rasch estimates (number of participants) (number of participants)
Low 04 <-1.68 0-I 15 0

Medium-low 5-9 —-1.29-0.03 I.1-2 59 13

Medium-high 10-14 0.34-1.69 2.1-3 173 37

High 15-18 >2.12 3.4 123 320

Abbreviations: MARS, Medication Adherence Report Scale; ProMAS, Probabilistic Medication Adherence Scale.
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reliable scale to measure medication adherence behaviors
(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 behaviors
measured and the resulting ceiling effect. The ProMAS was
constructed using behaviors from previous instruments, lit-
erature, patient interviews, and a pre-test. We tested the item
set on fit to the Rasch model and comparisons to the MARS
adherence scale. The results indicated that the ProMAS
provided a reliable scale, which correlated with the MARS.
Tests for normality showed that the new scale had more
variance and a less skewed distribution than the MARS.

Persons
80 80
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60+ -60
50 1 -50
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30+ -30
20+ +20
10+ -10
—4 -2 0 2 4

o o

o0

o0 0

Items

Figure 2 Item—person map for a Rasch analysis including both ProMAS (gray) and
MARS (black) items.

Notes: Both the person abilities (thetas; above the axis) and item difficulties (deltas;
below the axis) are mapped on the x-axis in logits. The y-axis represents the numbers
of people or items with that ability or item difficulty.

Abbreviations: MARS, Medication Adherence Report Scale; ProMAS, Probabilistic
Medication Adherence Scale.

Furthermore, our results have shown that the ProMAS items
cover a wider range of behavior difficulties than the MARS
items. From these results, we concluded that the ProMAS,
based on the Rasch modeling approach, can more reliably
distinguish between differences in medication adherence
behavior than existing self-report measures.

The ProMAS has been internally validated with a Dutch
sample of elderly patients taking medication daily for various
chronic conditions, and possibly suffers from self-selection
bias, and thus needs further validation in other samples.
Item-free measurement in the Rasch model allows for the
addition, rephrasing, or removal of items, as to further
shorten the scale or to match the scale to a specific sample,
for example, to target patients with a specific condition or to
measure adherence towards a weekly regimen. When such
changes are made, or when the questionnaire is used in a
different language or for a specific disease, we advise that a
Rasch analysis is performed and fit statistics are calculated
for that sample.

Its wider range in item difficulties, lower skewness, and
higher variance suggest that the ProMAS is more sensitive
to differences in adherence between participants compared to
the existing scales. Where most self-report measures suggest
that most patients are perfectly adherent, our scale suggests
a different pattern: many patients are nonadherent, but they
differ in the extent to which they are adherent. This pattern
seems to be closer to expectations of medication adherence
as measured by objective methods.!

Another improvement in comparison to current self-
report measures is that the ProMAS includes only items that
assess behavior. This results in a purer estimate of adherence
behavior that is not confounded by the determinants of this
behavior. However, for two items in the scale (about forget-
ting to take medication), it can be argued that they are not
purely of a behavioral 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, forget-
ting might not be the real reason for being nonadherent, but
a way to admit to being nonadherent. Our analysis supports
this claim, because the forget-items fit the Rasch model.

The distinction between intentional and unintentional
nonadherence, as often reported in previous studies,* is not
tested in this study. We argue that these types of nonadher-
ence are differences in the determinants of the behavior, not
the behavior itself. These determinants have been incorpo-
rated in some of the items in existing scales. For example,
several existing scales contain items that include the delib-
eration process that determines the behavior to measure
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Table 3 Normality tests for the different adherence measures

Shapiro-Wilk statistic

Skewness (z-score) Kurtosis (z-score)

MARS
ProMAS Rasch estimates

0.772 (P<0.001)
0.973 (P<0.001)

ProMAS sum scores 0.950 (P<<0.001)

-20.1 28.87
0.87 1.09
-5.57 0.53

Abbreviations: MARS, Medication Adherence Report Scale; ProMAS, Probabilistic Medication Adherence Scale.

intentional nonadherence (eg, ‘Did you deliberately skip
adose?’). Even though we focused exclusively on the adher-
ence behaviors by excluding any reference to the potential
determinants of these behaviors from the items, our results
suggest that intentional and unintentional nonadherence
might result in a different pattern of adherence behaviors.
This could explain the first contrast in our dimensionality
analysis. For example, the unintentionally nonadherent might
more often skip a dose, while the intentional nonadherent
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might change the dose more often. Whether the first contrast
is dependent on different determinants should be further
investigated in future research.

The ProMAS items can be transitively ordered (if
A occurs more frequently than B and B more than C, then
A will occur more frequently than C). For a scale with this
ordering, it is more probable that a patient will perform a
behavior that occurs more frequently than a behavior that
occurs less frequently. When a patient does perform a less
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frequently occurring behavior, it becomes more probable
that they will also perform the behaviors that occur more
frequently than that behavior. In this way, patients’ adher-
ence scores will give information about which behaviors they
are more or less likely to perform. Furthermore, the order
of the items by itself provides insights on the probability of
occurrence of different behaviors described by the items.
This order could be different for different conditions, medica-
tions, or target groups. Analyzing 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 did not fall within the 95% confidence intervals
in the item invariance test between diabetes and cardiovas-
cular 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 subsample was fairly small (ie, con-
sisting of 48 participants). The item needs further inspection
in future research, where larger subsamples with different
diseases should be tested.

While the ProMAS is quite capable of detecting and dis-
criminating between adherence levels of patients, it entails
self-reporting behavior, which suffers from several limita-
tions related to self-report measures in general. It may, for
example, be the case that people are unaware of their own
behavior or that social desirability issues prevent them from
being fully truthful about their adherence behaviors. For these
reasons, self-reported adherence is expected to overestimate
adherence'?® and the currently developed 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 behavior accurately.

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 (Figure 2).
In other words, the scale could be improved by the addition
of items that measure adherence behaviors that only a small
portion of participants will perform. Adding these items would
allow for easier discrimination between the participants and
more precise scoring of highly adherent participants.

Based on the results of the current research, we have
reason to believe that the ProMAS can improve the assess-
ment of medication adherence behavior compared to existing
self-report measures. Because the scale, in contrast to existing

self-report measures, only includes items that assess behavior,
it is not confounded by beliefs, attitudes, and intentions. We
argue that while these determinants are important in view of
medication adherence, they should be assessed separately to
prevent adherence behavior and the underlying determinants
being mixed into one score. Assessing behavior separately
makes the ProMAS better suited to explore the determinants
of nonadherence and their impact on adherence behavior.
However, future research should study whether the increased
variance provided by the ProMAS better accords with actual
adherence behavior, for example by correlating the outcome
with objectively measured adherence.
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Supplementary materials

Table S| Items not included in final item set

Dutch (original)

English (translated)

Reason removed

Op sommige dagen neem ik (een van) mijn
medicijnen minder vaak in dan op andere dagen
(bijvoorbeeld in het weekend).

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

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

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

Ik neem soms een ander aantal medicijnen in,
dan voorgeschreven.

Ik ben nog nooit vergeten mijn medicijnen

in te nemen.

Ik neem geen medicijnen in waarvan ik het
gevoel heb dat ze niet werken.

Ik ben wel eens tijdelijk gestopt met

(een van) mijn medicijnen.

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

Het is wel eens voorgekomen dat ik een nieuw
medicijn, voorgeschreven door mijn arts,

nooit op heb gehaald bij de apotheek.

Het komt regelmatig voor dat ik (een van)

mijn medicijnen niet inneem.

Ik heb zelf wel eens een verandering gemaakt

in mijn medicijngebruik.

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

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

Ik heb altijd genoeg medicijnen in huis.

Als mijn arts me een nieuw medicijn voorschrijft,
haal ik deze altijd meteen op bij de apotheek.
Als het me niet uitkomt, sla ik wel eens (een van)
mijn medicijnen over.

On some days | take (some of) my medicines
less often than on other days (for example
during the weekend).

| do not take (one of) my medicines.

It has happened that | was late with

calling my doctor for a prescription.

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

| sometimes take a different number

of medicines than prescribed.

| have never forgotten to take my medicines.

| do not take medication when | feel

they do not work.

It has happened at least once that | temporarily
stopped taking (one of) my medicines.

When | feel well, | do not take or take less
medicines.

It has happened at least once that | did not
pick up a prescription from the pharmacy, that
was prescribed by my physician.

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

| have made changes to my medicine use.

It has happened that | did not start taking a
medicine at the moment that it was prescribed
by my physician.

It happens almost every week that | forget

to take my medicines.

| always have enough medicine at home.

If my physician prescribes me a medicine,

| immediately go to the pharmacy to collect it.
If it is not convenient, | sometimes skip

(one of) my medicines.

Overfit and similar item difficulty score

Overfit and similar item difficulty score
Similar item difficulty and content

Similar item difficulty and content

Overfit and similar item difficulty score
Similar item difficulty and content
Misfit and conditional element

Similar item difficulty

Conditional element

Similar difficulty and content

Similar item difficulty
Similar item difficulty

Similar item difficulty

Similar item difficulty

Misfit
Misfit

Conditional element

Table S2 MARS items included for comparison with the ProMAS

| alter the dose

| forget to use it

| stop taking it for a while

| decide to miss out a dose
| take less than instructed

| avoid it if | can

| use it regularly every day

Abbreviations: MARS, Medication Adherence Report Scale; ProMAS, Probabilistic Medication Adherence Scale.
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