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Abstract

Background Different questionnaires assess self-reported medication adherence and others quantify aspects of patients
attitudes towards medication, but not together in a single instrument. Gathering these two aspects in a single instrument
could reduce patients survey burden.

Aim The aim of this study was to develop the Medication Adherence Universal Questionnaire (MAUQ) using the Maastricht
Utrecht Adherence in Hypertension short version (MUAH-16) factorial structure as the hypothesized model.

Method A multistep process started with the modification of the MUAH-16 to obtain the MAUQ. Patients using at least one
antihypertensive medicine were recruited. The two questionnaires, the MUAH-16 and MAUQ, were applied. A confirma-
tory factor analysis (CFA) was performed using the initial MUAH-16 s-order 4-factor model. An additional bifactor model
with four uncorrelated factors and an overall score was tested. The comparative fit index (CFI), root mean square error of
approximation (RMSEA) with confidence intervals (Cls), and standardized root mean squared residual (SRMR) were used
to assess both models.

Results A sample of 300 hypertensive patients completed the instruments. The CFA with the second-order 4-factor solution
resulted in similar results for the MUAH-16 and MAUQ: CFIs of 0.934 and 0.930, RMSEAs of 0.043 [CI 0.030-0.056] and
0.045 [CI 0.031-0.057] and SRMRs of 0.060 and 0.061, respectively. The CFA with the bifactor model showed slightly
better results for both the MUAH-16 and MAUQ: CFIs of 0.974 and 0.976, RMSEAs of 0.030 [CI 0.005-0.046] and 0.028
[CI 0.001-0.044], and SRMRs of 0.043 and 0.044, respectively.

Conclusion CFA demonstrated that the MAUQ presented a better fit to both models than the MUAH-16, obtaining a robust
universal free instrument to assess medicine-taking behaviour and four medicine beliefs components.
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e The performance of the MAUQ in different populations
and appropriate cut-offs should be determined in future
specific studies.

Introduction

Medication adherence is a multifactorial and dynamic pro-
cess shaped by several interacting factors, including per-
sonal, clinical and social variables [1, 2]. Based on this vari-
ability in contributing factors, the identification of patient
determinants for nonadherence behaviour is recommended
[3], and previous reports have shown better results when
interventions are tailored to patient-specific nonadherence
factors, especially for chronic medicines users [4-6].

Particular focus has been placed on the relationship
between medication adherence and the beliefs that patients
hold towards their medication. Intentional nonadherent
patients hold beliefs that are significantly different from
those of adherent and unintentional nonadherent patients
[7]. The necessities-concerns framework was idealized to
explain the influence of patients’ beliefs about medication
and their intentional adherence behaviour [8]. A meta-anal-
ysis provided evidence about the value of this framework in
predicting adherence to medication prescribed for chronic
conditions [9].

The most widely used tool to elicit medication beliefs is
the Beliefs about Medicines Questionnaire (BMQ) [8, 10].
The BMQ has two subscales: the necessity and concerns
subscales. A high score on the necessity subscale suggests
that an individual has strong beliefs in the necessity of
their medicine, and a high score on the concerns subscale
suggests that an individual has strong concerns about the
negative effects of taking medicines. Scores from the BMQ
have been correlated with medication adherence in several
studies across patients with different conditions, with neces-
sity beliefs associated with improved adherence behaviour
and concern beliefs related to worse adherence results [8].
Although the BMQ was classified as assessing “beliefs asso-
ciated with adherence”, this instrument was not conceptually
developed to identify adherence, especially among poten-
tially unintentional nonadherent patients [11].

A systematic review classified the 43 self-report adher-
ence scales into five groups based on the information con-
tained in the items used to construct the instruments [11].
However, the potential discriminatory power of the appli-
cability to identify intentional and nonintentional nonad-
herent patients was not mentioned. The Maastricht Utrecht
Adherence in Hypertension questionnaire (MUAH) was one
of the instruments classified in the “barriers and beliefs”
group because it provides health professionals with infor-
mation about the causes of poor patient adherence to anti-
hypertensive drugs [12]. The original MUAH is a 25-item
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questionnaire with four subscales: positive attitudes towards
health care and medication (PAM), a lack of discipline (LD),
aversion towards medication (ATM), and active coping with
health problems (ACHP). However, the MUAH presents two
limitations: the instrument lacks an overall score that allows
adherent behaviour to be measured and is a disease-specific
instrument [12].

To overcome the first of these limitations, a 16-item
MUAH short version (MUAH-16) was created [13], first by
eliminating the items with weaker contributions to the factor
and then inverting the scores for the items constituting the
subscales that were inversely associated with adherence, LD
and ATM. The MUAH-16 maintains the four subscales of
the MUAH that represent four areas of beliefs about medica-
tion taking. This modification allowed us to obtain an overall
score representing medication-taking behaviour, which dem-
onstrated the best fit in a confirmatory factor analysis (CFA).
Concurrent validity of the MUAH-16 was demonstrated
by correlation with the Medida de Adesao a Terapeutica
(Measure of Treatment Adherence), an overall adherence
behaviour questionnaire. Nevertheless, the MUAH-16 was
only designed to assess adherence to antihypertensive drugs.

Aim

The objective of the present study was to develop the Medi-
cation Adherence Universal Questionnaire (MAUQ) based
on the latent variable structure of the MUAH-16.

Ethics approval

The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the
Center Portugal Regional Health Administration (registra-
tion number: CE 73-2020).

Method
Instruments

The construction of a new universal instrument was designed
through a multistep process that started with the analysis of
the structure and content of the MUAH-16 by a multidisci-
plinary research team [13]. The text of the 6 items that spe-
cifically referred to blood pressure or hypertension (e.g., If I
take my medication every day, I feel confident that my blood
pressure is under control) were modified to be appropriate
for any chronic disease (e.g., If I take my medication every
day, I feel confident that my disease is under control). These
6 items were distributed in all the components except LD. At
the end of this process, the Medication Adherence Univer-
sal Questionnaire—(MAUQ®) was created (Supplementary
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File 1). For testing purposes, a composite questionnaire
merging both instruments (MUAH-16+MAUQ) was also
generated, resulting in a 22-item composite questionnaire.
The complete evolution from the MUAH (25 items) to the
MAUQ together with the differential characteristics of the
instruments is presented in Table 1.

Study design

This was a cross-sectional study. No consensus exists about
the minimum sample size required for CFA, ranging from
100 to 1000 patients [14], with 300 participants considered
“good” [15]. Other authors prefer the ratio of the number
of participants to the number of variables, with minimums
ranging from 10 to 1 variable to 20 to 1 [16, 17]. A sample
of 300 individuals was planned to widely satisfy both criteria
for a 16-item questionnaire. Thus, a purposive sample of 300
patients aged over 18 years and taking at least one antihy-
pertensive medicine (ATC classes C07, C08, and C09) was
recruited from 3 community pharmacies in central Portugal
between November 2020 and March 2021. Study aims and
procedures were explained to potentially eligible patients.
After signing an informed consent form, the composite
questionnaire (MUAH-16 + MAUQ) was administered by a
trained pharmacist, and sociodemographic and basic clinical
data were collected.

Data analysis

Overall and belief component scores of the two instru-
ments were compared by means of a correlation analysis
using Pearson’s correlation coefficient, R/R Studio (Posit
Software, Boston, MA, USA) and the ggplot2 package
[18]. Intrascale correlations were also assessed between the
overall score and the beliefs component scores. Moderate
to weak correlations were expected between the compo-
nent and overall scores, but weak correlations should exist
between the different components, demonstrating that they
were all needed. Significance was established at the thresh-
old of p <0.05. To better evaluate the agreement between
the scores of the two instruments throughout the range of
potential results [19], both for the overall and the component

scores, a Bland—Altman analysis was also conducted using
R/R Studio and the BlandAltmanLeh package [20]. Finally,
to identify the adjustment of the MAUQ to the previously
established latent structure of the MUAH-16, a CFA was
conducted with the maximum likelihood method over the
second-order 4-factor model previously reported for the
MUAH-16 [13]. A second model, a bifactor model with the
four uncorrelated latent variables and the overall score as a
fifth latent variable, was also tested. CFAs were performed
using R/R Studio and the lavaan package [21].

Results

A total of 300 hypertensive medication users completed the
composite questionnaire, with a mean age of 68.6 years (SD
9.9); 53.7% of the participants were women. The mean num-
ber of years since hypertension diagnosis was 14.3 years (SD
9.9), and participants used 4.3 medicines on average (SD
2.6). The most frequently reported comorbidities included
dyslipidaemia (179 participants; 59.7%), obesity (123 par-
ticipants; 41.0%), diabetes (62 participants; 20.7%), and
chronic obstructive pulmonary disease (40 participants;
13.3%).

The results obtained for each of the instruments are
presented in Supplementary File 2, and the overall scores,
as well as the component scores, for both instruments are
shown in Table 2. Cronbach’s alpha was 0.551 for the over-
all MUAH-16 score and 0.569 for the MAUQ score. Cron-
bach’s alphas for the belief components of the MUAH-16
and MAUQ were 0.673 and 0.637 for the PAM subscale,
0.777 for the LD subscale (both instruments), 0.660 and
0.694 for the ATM subscale, and 0.627 and 0.539 for the
ACHP subscale, respectively.

The correlation analyses (Supplementary File 3) for the
overall score and the three belief component scores with
text modifications showed a high concordance. Table 3
presents the intrascale correlation coefficients between the
overall score and the beliefs component scores for each of
the instruments, resulting in medium to strong correlations
between the overall score and the beliefs component scores

Table 1 Characteristics of the three instruments involved in the evolution to create the Medication Adherence Universal Questionnaire

(MAUQ®)

Instrument Created Num. items Overall score Target population
MUAH Wetzels et al. [12] 25 No Hypertensive patients
MUAH-16 Cabral et al. [13] 16 Yes Hypertensive patients
MAUQ Cabral et al. 16 Yes Chronic medicines users

MUAH Maastricht Utrecht Adherence in Hypertension, MUAH-16 Maastricht Utrecht Adherence in Hypertension short version
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Table 2 Scores obtained for the two questionnaires, the Maastricht Utrecht Adherence in Hypertension short version (MUAH-16) and the Medi-

cation Adherence Universal Questionnaire (MAUQ®)

N=300 MUAH-16 mean (SD) MAUQ mean (SD) Pearson’s r (95% CI)

Overall score 83.37 (8.85) 84.09 (8.91) 0.946 (0.933: 0.957)

Positive attitude towards health care and medica- 25.49 (2.49) 25.68 (2.23) 0.846 (0.810 : 0.875)
tion

Lack of discipline 23.88 (4.69) 23.88 (4.69) -

Aversion towards medication 15.64 (5.51) 15.46 (5.75) 0.963 (0.953 : 0.970)

Active coping with health problems 18.36 (4.40) 19.06 (3.98) 0.855 (0.821 : 0.883)

*All correlations were significant at the 0.001 level

Table 3 Intra-scale correlations between the overall score and beliefs components of both instruments the Maastricht Utrecht Adherence in
Hypertension short version (MUAH-16) and the Medication Adherence Universal Questionnaire (MAUQ®)

Instrument Component Overall PAM LD ATM ACHP
MUAH-16 Overall 1

PAM 0.442 1

LD 0.631 0.148 1

ATM 0.707 0.149 0.306 1

ACHP 0.203 ns —0.263 —0.240 1
MAUQ Overall 1

PAM 0.439 1

LD 0.651 0.135 1

ATM 0.742 0.153 0.326 1

ACHP 0.155 ns -0.267 -0.252 1

PAM positive attitude towards health care and medication, LD lack of discipline, ATM aversion towards medication, ACHP active coping with

health problems, ns not significant (p > 0.05)

of each instrument but weak or null correlations between
each instrument’s components.

Bland—Altman plots (Fig. 1) for the overall and beliefs
component scores of both instruments demonstrated that, for
all comparisons, differences between the two instruments
were between the expected limits, and no trends existed
throughout the result intervals.

CFAs were run for the two models (i.e., the second order
4-factor model—Fig. 2A, and the bifactor model with the
four uncorrelated factors—Fig. 2B) and demonstrated
that the MAUQ and MUAH-16 presented similar results
(Table 4). The results for both models were also very similar,
with a slightly better standardized root mean square residual
(SRMS) in the bifactor model. This model also had a lower
number of degrees of freedom, which resulted in a greater
difference from the second-order 4-factor model when parsi-
mony correction was applied to fit indices, presenting lower
root mean square errors of approximation (RMSEAs) for
both instruments. Finally, the high comparative fit index
(CFI) of the two models for both instruments showed a good
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fit with both user-specified models, with better results in the
bifactor model.

Discussion
Statement of key findings

With the intention to serve as a universal freely available
medication adherence assessment instrument, the MAUQ®
was created not only to assess overall adherence behaviour
but also to comparatively weight four beliefs components
that may lead to nonadherence.

Strengths and weaknesses

The use of universal instruments facilitates interstudy
comparability and enables quantitative evidence synthesis
through meta-analyses. However, poor reporting practices
are common in health studies. Data omissions are frequently
associated with bias towards favouring drugs [22]. Several
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Fig.1 Bland-Altman analyses between Maastricht Utrecht Adher-
ence in Hypertension short version (MUAH-16) and the Medication
Adherence Universal Questionnaire (MAUQ®) overall and beliefs

guidelines have been created to direct how different study
designs should be reported. In the adherence field, specific
guidelines [23] exist to appropriately report the different ele-
ments of the adherence process [24]. Unfortunately, these
guidelines are not always sufficient to eliminate poor report-
ing practices [25, 26]. With the ultimate goal of improving
comparability and facilitating quantitative evidence synthe-
sis, the MAUQ is freely available to any researcher or prac-
titioner once fair use conditions are accepted. These condi-
tions comprise two requirements: (a) ensuring consistency
among different versions of the instrument and (b) ensuring
complete reporting practices (Supplementary File 1).

Some limitations may affect this study. The MAUQ was
developed in the European Portuguese language, and its
psychometric properties should be confirmed in other lan-
guages or language variations. To ensure a robust valida-
tion process, the sample included to validate the instrument
consisted of a population of hypertensive patients. Further
analyses of the performance of the MAUQ in other condi-
tions must be performed to ensure the universal character of
the instrument. A cut-off to discriminate between adherent
and nonadherent patients cannot be established until results
are obtained for convergent validity analyses with objective/
direct medication adherence methods.

"mean MUAH16 ACHP and MAUQ ACHP

component scores. Note: Analysis for the ‘Lack of Discipline’ com-
ponent was omitted because items were identical in both instruments

Interpretation and further research

Several guidelines have been created to adequately analyse
and report patient-reported outcomes (PROM) and patient-
reported experiences (PREM) [27, 28]. Over the years, many
self-report adherence scales have been developed. However,
no general agreement exists on the best instrument [29, 30].
Some instruments are disease specific, which limits their
use in broad comparisons or for pharmacoeconomic stud-
ies. Other instruments have restrictive use conditions, which
is against the open science paradigm and has resulted in
abusive practices [31]. Most of these instruments evalu-
ate only medicine-taking behaviour or barriers and beliefs
about medication use separately but very rarely evaluate
both together.

Using two instruments at the same time (i.e., adherence
behaviour plus beliefs about medicines) increases the num-
ber of questions and subsequently increases the respond-
ent burden due to potential response fatigue. In fact, apply-
ing any self-response instrument during a patient-provider
encounter is subject to the three categories of respondent
burden [32]: “distrust”, “distress” and “cognitive burden”.
The latter may depend not only on the complexity of the
questions but also on the repetitiveness of the questions,

@ Springer



1004

International Journal of Clinical Pharmacy (2023) 45:999-1006

1.00

0.61
048 ogq

: .
| \ i B
. 0.18

i03 | i05 | i07 | i35 [ i23 [ i24 | i26 | i36 | i09 | i13 | i14 | il6 | i20 | i21 | i22 | i39

%59/\ %76/\ /\06(\ /\07g\ %5? /%47/\ /\03? ,\OSZ /\066/\ /\07g\ /\051/\ /\064/\ /\070/\ /\081/\ /\Ogg\ /\054{\

049 (63
A
i03 | i05 [ i07 | i35 | i23 | i24 | i26 | i36 | i09 | i13 | i14 | i16 | i20 | i21 | i22 | i39

/\05g\ /%761\ /%6(\ /\07g\ /\05? %47/\ /\OSg\ /\OGg\ /\06? /\07g\ /\051/\ /\064/\ %70/\ /\081/\ /\09? /\054/\

Fig.2 Confirmatory factor analysis of the Medication Adherence Universal Questionnaire (MAUQ®) using a second order 4-factor model (A)
and using a bifactor model with the four factors uncorrelated (B)

Table 4 Comparison of the model fit for Maastricht Utrecht Adherence in Hypertension short version (MUAH-16) and the Medication Adher-
ence Universal Questionnaire (MAUQ®)

Second order 4-factor model Bifactor model
MAUQ MUAH-16 MAUQ MUAH-16
XZ 159.913 156.761 108.645 111.873
Degrees of freedom 100 100 88 88
CFI 0.930 0.934 0.976 0.974
RMSEA (CI) 0.045 0.043 0.028 0.030
(0.031:0.057) (0.030: 0.056) (0.001 : 0.044) (0.005 : 0.046)
SRMR 0.061 0.060 0.044 0.043

CFI comparative fit index, CI confidence interval, RMSEA root mean square error of approximation, SRMR standardized root mean squared

residual
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which may occur when applying two related instruments.
However, reducing the survey length should be done care-
fully while considering the content of the instrument rather
than the length itself [33]. During this multistep process, we
first reduced the length of the MUAH (25 items) to 16 items,
inverted the scores of four items into two factors resulting in
the MUAH-16, and modified six items to obtain a general,
not disease-specific, (i.e., universal) instrument: the MAUQ.
After this process, the MAUQ was shown to have good psy-
chometric properties, with a latent variable structure appro-
priate to assess both overall adherence and each of the four
beliefs about medicines. Future research should establish the
adequate performance of the MAUQ in different conditions
and populations, as well as the appropriate nonadherence
discriminant cut-off for the overall score and potential ratios
between the different components to better tailor adherence-
enhancing interventions.

Conclusion

CFA demonstrated that the MAUQ presented a better fit to
both latent variable models than the MUAH-16, obtaining a
robust instrument to assess medicine-taking behaviour and
four medicine beliefs components. An intensive assessment
of the performance and convergent validity of the MAUQ
in different populations and medical conditions, as well as
cross-cultural adaptation to different languages, has been
initiated to create a universal open access (freely available)
medication adherence instrument.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11096-023-01612-x.
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