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Background: Self-reported adherence scales are widely used in research and
practice because they are low in cost and easy to apply. A free version in Brazilian-
Portuguese of the Simplified Medication Adherence Questionnaire (SMAQ) can
be a wuseful alternative for determining the adherent behavior of
hypertensive patients.

Purpose: To translate and evaluate the psychometric properties of the Brazilian-
Portuguese version of the SMAQ therapeutic adherence scale for patients with
arterial hypertension.

Patients and methods: A multicenter, cross-sectional study was conducted in
five outpatient units in Maceid-AL and Aracaju-SE between January and July
2019. A total of 117 patients aged over 18 years using antihypertensive drugs were
recruited. The cross-cultural adaptation followed international methodological
recommendations. Internal consistency (Cronbach’s alpha) was tested as a
reliability parameter. Criterion and construct validity were verified by
concurrent validation, exploratory factor analysis (EFA), and validation by
known groups.

Results: The participants had a mean age of 56.6 years (SD = 10.7 years); most
were female (72.6%). The mean number of antihypertensives prescribed per
patient was 1.87 (SD = 0.87). There were 79.5% (n = 86) of patients
considered non-adherent. Internal consistency was satisfactory (Cronbach’s
alpha = 0.63). A satisfactory correlation coefficient was verified with the
Morisky—Green—Levine test as an external criterion (r = 0.56, p < 0.001). The
scale’s sensitivity measured through known group validity was 75.3%, specificity
29.5%, positive predictive value 63.9%, and negative predictive value 41.9%. We
identified two factors of the instrument's construct from EFA: specific
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medication-taking behaviors and barriers to adherence. The initial KMO measure of
sampling adequacy was 0.691, and Bartlett's test of sphericity was significant (x* =

Conclusion: The Brazilian-Portuguese version of the SMAQ scale proved valid and
reliable for determining adherence to the pharmacotherapy in hypertensive
patients. It showed more ability to detect non-adherent patients but with low

specificity, possibly influenced by high social desirability.

hypertension, Simplified Medication Adherence Questionnaire, patient-reported outcome

validation studies (MeSH), psychometrics (MeSH), medication

adherence (MeSH), treatment adherence and compliance
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118.342, p < 0.001).
KEYWORDS
measures (MeSH),
Background

Arterial hypertension is the main preventable cause of
cardiovascular disease (CVD) and is the most important risk
factor for death and inability globally. It affects more than
1.2 billion people aged between 30 and 79 years, of whom
approximately 82% live in low- and middle-income countries
(NCD Risk Factor Collaboration NCD-RisC, 2021). In Brazil,
more than 300 thousand deaths were related to cardiovascular
complications in 2019 (PAHO, 2021). Although much evidence
shows that decreased blood pressure decreases early morbimortality,
blood pressure control rates are low worldwide (Williams et al.,
2018; Brouwers et al., 2021; NCD Risk Factor Collaboration NCD-
RisC, 2021; Kario et al., 2022).

Pharmacotherapy adherence is vital to achieving therapeutical
goals and disease control (Zayed et al., 2019). Recently, however, an
increasing number of patients seem to resist to antihypertensive
treatment. It is estimated that only 23% of women and 18% of men
with hypertension present adequate blood pressure control. Part of
this result is related to low adherence to prescribed
pharmacotherapy (Judd and Calhoun, 2014; Ewen et al, 2015;
Durand et al., 2018; NCD Risk Factor Collaboration NCD-RisC,
2021). This has been a challenge to health professionals and is an
important causal factor of arterial hypertension treatment failure.

Non-adherent behavior of patients can be influenced by a series
of predictive factors, intentional or not, such as beliefs, disease
status, forgetfulness, limited health literacy, and socio-economic
factors (Nguyen et al,, 2014; Zayed et al.,, 2019). Different direct and
indirect methods of therapeutic adherence evaluation could help
identify adherent behaviors and more effective treatment
management, thus reducing cardiovascular adverse event risks.
Each method has advantages and disadvantages, and there is thus
no agreement on a single gold standard approach. While direct
methods are more accurate, they are difficult to apply in real life and
cost more (Beyhaghi et al., 2016).

The most used indirect methods comprise patient self-reporting,
pill counts, and pharmacy refills. Although these methods could
overestimate adherence and have low accuracy and sensitivity, self-
reporting is the most used method as it shows good cost/efficiency
and cost/time relationships, and it is easy to apply in practice and
research with large populations. Furthermore, self-reporting is the
only method capable of determine the reasons that lead patients to
certain behaviors (Ben et al., 2012; Unni and Farris, 2015; Gellad
et al., 2017).
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Ideally, pharmacotherapy adherence scales should be easy to
apply and should correctly identify not only medicine intake
behavior but also the main barriers to adherence. In addition, it
is also preferable that these scales are free, summary, accessible to
clinical practice, and show good psychometric properties. One of the
most used self-reporting instruments is the Morisky Medication
Adherence Scale (MMAS-8), which was validated in Brazilian-
Portuguese in 2013 for application to hypertensive patients
(Morisky et al., 2008; Oliveira-Filho et al., 2014). However, in
recent years, this scale has demanded acquisition of a license,
restricting its usefulness—especially in the public health system’s
clinical practice.

An alternative, the Simplified Medication Adherence
Questionnaire (SMAQ) scale, originally developed to evaluate the
adherent behavior of people living with HIV (Knobel et al., 2002),
comprises aspects of medicine intake behavior and adherence
barriers and thus could easily be used for distinct chronic
diseases, such as hypertension. Beyond short-term application,
the scale showed good validation levels, with favorable sensitivity
and specificity results for the studied conditions (Nguyen
et al., 2014).

In this context, the present study aimed to cross-culturally adapt
to the Brazilian-Portuguese language, analyze the psychometric
properties, and identify whether the SMAQ is suitable for
evaluating pharmacotherapy adherence in hypertensive patients.

Methods

A translation and cross-cultural adaptation study was conducted
from April to November 2018 to obtain a Brazilian-Portuguese
version of the SMAQ, followed by a psychometric property
evaluation study of instruments conducted from January to
August 2019.

For the translation and cross-cultural adaptation phase, this
study followed the international methodological recommendations
for the cross-cultural adaptation of self-reporting parameters, which
advocate the following combined steps: translation, back-translation
to original language, translation summary, semantic equivalence of
translations, pretest, and psychometric property evaluation
(Figure 1) (Guillemin et al., 1993; Beaton et al., 2000; Wild et al,,
2005; Ferreira et al., 2014).

Permission to translate and cross-culturally adapt the SMAQ
instrument was obtained by contacting the original version’s author,
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FIGURE 1
Proceedings of cross-cultural adaptation of instruments.

Dr. Hernando Knobel of the Internal Medicine Department, del Mar
Hospital, Barcelona, Spain. This study was approved by the Federal
University of Sergipe Research Ethics Committee under CAAE
92716418.1.0000.5546.

Cross-cultural adaptation steps

Instrument translation

First, four bilingual translators who were Brazilian-Portuguese
speakers and English-proficient independently translated the original
version of SMAQ into Brazilian-Portuguese. Two of them did not know
about the study theme, and the other two were informed about the
objectives and content of the study. The translators were selected by
convenience and invited by email. A 30-day deadline was agreed for
returning the translations. To synthesize the results, an expert
committee formed by three research pharmacists who had good
Portuguese knowledge and English proficiency compared the four
scale translations (SMAQ versions Al, A2, A3, and A4).

Ambiguities or discrepancies in translated words were resolved
by consensus, leading to a single translated version of the
instrument (version AO0).

Back-translation

In this step, the Brazilian-Portuguese version A0 was back-
translated into the original English by three other bilingual
translators whose native language is English and who operated in a
Brazilian-Portuguese domain. The back translators did not receive
information about the study objectives or concepts. Therefore, we
hired English-native individuals, two of whom were resident in
Brazil, who work in English-Portuguese and Portuguese-English
translation to do the back-translations. All three back-translated
SMAQ versions (versions RAI, RA2, and RA3) were again
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compared by an expert committee formed by the previous three
researchers and another research pharmacist with a master’s degree
in pharmaceutical science and who was bilingual (Brazilian-Portuguese
and English fluent). Ambiguities or discrepancies were resolved by
consensus, leading to the instrument’s back-translation (version RAO).
These back-translation versions were submitted to the instrument’s
original version developers to obtain semantic equivalence to the
translated versions. The expert committee confirmed idiomatic,
experiential, and conceptual equivalence (prefinal versions).

We conducted two cycles of pretesting. In the first,
15 individuals were recruited and answered the prefinal SMAQ
version that the expert committee previously defined. In the second
cycle, we applied the scale once more with five participants.

Psychometric property evaluation

Study design
The pretest and psychometric property evaluation steps were
the cohort

conducted following cross-sectional

study model.

descriptive

Study site

This was a multicentric study. Data collection of the pretest
phase was conducted in the cardiology clinic of a teaching hospital in
Aracaju, Sergipe. For the validation phase, as well as the already
mentioned site, the study was simultaneously conducted in two units
of family health and two public state institutions that provide
pharmaceutical care in Macei6, Alagoas.

Study population

The study population included patients with confirmed systemic
arterial hypertension aged over 18years, who were using
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antihypertensive drugs for at least 30 days. We adopted, as exclusion
criteria, the use of antihypertensive drugs to treat other health
conditions.

Data collection

The data were collected by researchers, pharmacy graduate
students, and properly trained pharmacists through patient
interviews and blood pressure measures. Pretest data were
collected between September and November 2018. Data for the
validation phase were collected between January and July 2019. The
interviews were based on four questionnaires: the first instrument
collected sociodemographic data (name, register number, age, sex,
and schooling) and history of antihypertensive drug use; the
instruments  following were the SMAQ pharmacotherapy
adherence scale in the final translated versions; a Brazilian-
Portuguese version of the Morisky-Green-Levine (MGL) scale to
concurrent validation (Morisky et al., 1986; BEN, 2011); a Brazilian
version of the Marlowe-Crowne social desirability scale (MC-SDS-
BR) (Crowne and Marlowe, 1960; Ribas et al., 2004). Systolic (SBP)
and diastolic (DBP) blood pressure values were obtained using
calibrated manual sphygmomanometers, taking the average of
two measures with at least a 1-min interval between measures, as
advocated by the seventh Brazilian Guideline for Arterial
Hypertension (Malachias, 2016). In the present study, a complete
case (CC) analysis was performed via casewise deletion.

Medication adherence

Responses to the SMAQ items were coded analogous to the
original version (Knobel et al., 2002). Patients were considered non-
adherent if they gave positive responses to any of the qualitative
questions (1, 2, 3, and 5), had missed more than two doses over the
past week, or had missed over 2 days of total non-medication during
the past 3 months.

The SMAQ contains items that elicit information on i) specific
medication-taking behaviors (e.g., dose taken and dose frequency)
and ii) barriers to adherence (e.g., forgetfulness and side effects)
(Nguyen et al.,, 2014). According to Krousel-Woord et al (2021),
these explicit attitudes influence health behavior that is consciously
chosen or premeditated, and they are usually assessed through self-
report surveys that focus on patients’ conscious attitudes toward
disease and its treatment.

Pretest

In this step, the researcher and two previously trained research
pharmacist collaborators applied the prefinal versions of the
translated instrument to a 20-individual group from the target
population using the methodological adjustment proposed by
Ferreira et al. (2014). We thus conducted two cycles of
pretesting. In the first, individuals were recruited and answered
the prefinal SMAQ version that the expert committee had previously
defined. In the second cycle, we applied the scale again.

All individuals who consented to participate in the study had
been informed about the objectives and nature of the research and
were asked to sign the Consent Informed Test, in accordance with
CNS resolution no 466/2012 (BRASIL, 2012).

The pretest was conducted as a pilot study, according to the item
(data collection) and the guide to apply the SMAQ adherence scale.
If any individual in this phase had a question about or difficulty
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understanding the instrument items, the question would be
registered in the corresponding scale formulary to be discussed
again by the expert committee and possibly reformulated.

Psychometric property evaluation

Internal consistence

To verify reliability by internal consistency, we used Cronbach’s
alpha, which indicates if each item of a scale is appropriated for
evaluating the nominated concept (Cronbach, 1951). On the other
hand, a is a function of the interrelation of items with the number of
items, so the number of items is a factor which affects the a
coefficient. In simple terms, it is a reliability statistical parameter
from 0 to 1 where values above 0.6 may be considered satisfactory
and those exceeding 0.8 may indicate high internal consistency
(Taherdoost et al., 2014; Ventura-Leén and Pefna-Calero, 2021;
Zakariya, 2022). In this study, Cronbach’s alpha values under
0.5 were considered unacceptable. We also evaluated the
corrected item-total correlation and Cronbach’s alpha if the item
was excluded to verify the contribution of each item to the general
reliability coefficient of each scale.

Criterion validation

The criterion validation (concurrent validation) of the SMAQ
scale was evaluated through the Morisky—-Green-Levine (Morisky
et al., 1986; BEN, 2011) test association to determine the scales’
correlation coefficient. R-values above 0.5 were considered
satisfactory and above 0.7 a strong correlation (Drost, 2011;
SCHMIDT and DANTAS, 2011; Souza et al, 2017). The
considered significance level was p < 0.05. The instrument has

<

four questions structured as dichotomous “yes/no” answers. The
worst adherence is considered to be many “yes” answers; only all
negative answers classify the patient as an “adherer.”

In the analysis of per-item correlation, the association between
each individual item of the SMAQ scale and the total score of the
MGL criterion was evaluated. This involved calculating Pearson’s
correlation coefficient for each item of the SMAQ scale in relation to

the total MGL score.

Factor analyses

Exploratory factor analysis (EFA) was conducted on the SMAQ
tool. The Kaiser-Meyer-Olkin (KMO) measure of sampling
adequacy and Bartlett’s test of sphericity were used to determine
database eligibility. Visual inspection for an inflection point in scree
plots was utilized to identify initial factors. EFA was conducted using
principle components analysis with direct Oblimin rotation; factor
loadings >0.30 were considered valid (Taherdoost et al., 2014).

Validation by known groups

In this evaluation, we tested the capability of a measure to make
distinctions among groups of individuals that differ according to
some known factor. The construct validation by known groups was
conducted by associating the evaluated scales with blood pressure
control (SBP <140 mmHg and DBP <90 mmHg) using the chi-
squared and Student’s t-tests and considering that patients with low
adherence scores also present low BP control. The significance level
was considered to be p < 0.05.
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TABLE 1 Original version items, translations, and the translation synthesis version of the SMAQ instrument.

SMAQ original

version

Version Al

Translation

Version A2

Version A3

Version A4

Translation
synthesis
version AO

1- Do you ever forget to
take your medicine?

Vocé esquece de tomar
seus remédios?

Vocé alguma vez
esquece de tomar
oremédio?

O(A) senhor(a)
frequentemente esquece de
tomar seu(s)
medicamento(s)?

Vocé esquece de utilizar
seu(s) medicamento(s)?

Vocé esquece de tomar o(s)
seu(s) medicamento(s)?

2- Are you careless at
times about taking your
medicine?

3- Sometimes if you feel
worse, do you stop
taking your medicines?

Vocé, as vezes, é
descuidado para tomar
seus medicamentos?

Se vocé sente piora, vocé
para de tomar os
medicamentos?

Vocé as vezes descuida
de tomar o remédio?

As vezes, se vocé ndo se
sentir bem, para de
tomar o remédio?

O(A) senhor(a), as vezes, é
descuidado quanto a tomada
de seu(s) medicamento(s)?

O(A) senhor(a), as vezes,
para de tomar seu(s)
medicamento(s) ao sentir-se
pior?

Vocé se distrai quando
utiliza seu(s)
medicamento(s)?

Quando se sente pior, vocé
para de utilizar seu(s)
medicamento(s)?

Vocé, as vezes, é desatento
para tomar os) seu(s)
medicamento(s)?

As vezes, quando se sente
pior, vocé para de tomar
seu(s) medicamento(s)?

4- Thinking about the
last week. How often
have you not taken your
medicine?

5- Did you not take any
of your medicine over
the past weekend?

Pensando na tdltima
semana. Quantas vezes
vocé ndo tomou seus
medicamentos?

Vocé deixou de tomar
algum de seus
medicamentos durante a
ultima semana?

Considerando a semana
passada, quantas vezes
vocé ndo tomou o
remédio?

Vocé deixou de tomar
algum de seus remédios
no fim de semana
passado?

Na tltima semana. Com que
frequéncia o(a) senhor(a)
deixou de tomar seu(s)
medicamento(s)?

O(A) senhor(a) deixou de
tomar todos os seu(s)
medicamento(s) no tltimo
fim de semana?

Pensando na semana
passada, quantas vezes vocé
deixou de utilizar seu(s)
medicamento(s)?

Vocé deixou de utilizar
algum medicamento final
de semana passado?

Pensando na tdltima
semana. Quantas vezes vocé
deixou de tomar seu(s)
medicamento(s)?

Vocé deixou de tomar
algum de seus remédios no
fim de semana passado?

6- Over the past

3 months, how many
days have you not taken
any medicine at all?

Nos ultimos trés meses,
quantos dias vocé nio
tomou nenhum dos seus
medicamentos?

Nos ultimos trés meses,
quantos dias vocé
deixou de tomar os
remédios?

Nos ultimos trés meses,
quantos dias o(a) senhor(a)
deixou de tomar todos o(s)
medicamento(s)?

Nos ultimos trés meses,
quantos dias vocé ficou sem
utilizar algum
medicamento?

Nos ultimos trés meses,
quantos dias vocé nao
tomou nenhum dos seus
medicamentos?

TABLE 2 Original version items, back-translations, and back-translation synthesis version of the SMAQ instrument.

SMAQ Back-translation

synthesis version RAO

Back-translation

Version RA 1 Version RA 2 Version RA 3

Original version

1- Do you ever forget to take
your medicine?

Do you ever forget to take your
medication(s)?

Do you forget to take your
medication(s)

Have you ever forgotten to take
your medication(s)?

Do you forget to take your
medication(s)?

2- Are you careless at times
about taking your medicine?

Do you sometimes skip doses of
your medication(s)?

Are you sometimes careless
about taking your medication(s)

Are you always aware of your
medication(s) needs when
taking your medication?

Are you sometimes careless about
taking your medication(s)?

3- Sometimes if you feel worse,
do you stop taking your
medicines?

If you feel worse, do you
sometimes stop taking your
medications(s)?

Sometimes, when you feel
worse, do you stop taking your
medication(s)?

Have you stopped taking your
medication when you start
feeling worse?

If you feel worse, do you
sometimes stop taking your
medications(s)?

4- Thinking about the last
week. How often have you not
taken your medicine?

Considering last week, how many
times did you not take your
medication(s)?

Thinking about the last week,
how many times have you not
taken your medication(s)

How many times did not you
take your medication during
the last week?

Thinking about the last week, how
many times have you not taken
your medication(s)?

5- Did you not take any of your
medicine over the past
weekend?

Did you stop taking your
medication(s) last weekend?

Did you not take any of your
medicines last weekend?

Did you not take any of your
medication during the last
weekend?

Did you not take any of your
medication(s) last weekend?

In the last 3 months, how
many days have you not taken
your medication?

In the last 3 months, on how
many days did you not take any
of your medication(s)?

6- Over the past 3 months, how
many days have you not taken
any medicine at all?

During the last 3 months, how
many days have you not taken
any of your medication(s)?

During the last 3 months, how
many days have you not taken any
of your medication(s)?

The sensitivity, specificity, and positive and negative predictive Sample size
value properties were determined to verify whether the Brazilian-
Portuguese version of the SMAQ scale would serve as a screening A total of 117 patients with arterial hypertension, predominantly
attending outpatient units of the Unified Health System, were

selected using non-probabilistic convenience sampling. The

tool to identify patients with low BP control.

In addition in this step, social desirability was compared among
adherent and non-adherent patients using the Marlowe-Crowne Social
Desirability Scale (Crowne and Marlowe, 1960; Ribas et al., 2004).

minimum sample sizes required to achieve a “very good” quality
rating for various measurement properties, as outlined in the
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TABLE 3 Study sample characteristics of the antihypertensive pharmacotherapy adherence profile.

Patient characteristic Total n = 117* (%) SMAQ classification MGL classification
Adherent n (%) Non-adherent n (%) Adherent n (%) Non-adherent n (%)
Sex Male 32 (27.4) 8 (25.0) 24 (75.0) 0.82 13 (40.6) 19 (59.4) 0.82
Female 85 (72.6) 23 (27.1) 62 (72.9) 29 (34.1) 56 (65.9)
Schooling Tlliterate 14 (12.0) 4(28.6) 10 (71.4) 0.90 7 (50.0) 7 (50.0) 0.73
Kindergarten 4 (4.3) 2 (50.0) 2 (50.0) 1 (25.0) 3 (75.0)
Elementary school 17 (14.5) 4(235) 13 (76.5) 4 (36.8) 13 (63.2)
Middle school 38 (32.5) 10 (22.6) 28 (77.4) 14 (38.7) 24 (61.3)
High school 31 (26.5) 7 (22.6) 24 (77.4) 12 (38.7) 19 (61.3)
College 13 (11.1) 4 (30.8) 9 (69.2) 4 (30.8) 9 (69.2)
Hypertension diagnosis time 6-11 months 3(26) 1(33.3) 2 (66.7) 0.83 2 (66.7) 1(33.3) 028
1-4 years 32 (27.6) 10 (31.3) 22 (68.7) 9 (28.1) 23 (71.9)
5-9 years 20 (17.2) 4 (20.0) 16 (80.0) 5 (25.0) 15 (75.0)
More than 10 years 61 (52.6) 16 (26.2) 45 (73.8) 25 (41.0) 36 (59.0)
Comorbidity No v 38 (32.5) 7 (18.4) 31 (81.6) 0.17 10 (26.3) 28 (73.7) 0.13
Yes 79 (67.5) 24 (30.4) 55 (69.6) 32 (40.5) 47 (59.5)

Pearson’s chi-squared, significance level p < 0.05; * in the item “hypertension diagnosis time,” we considered a total of 116 respondents.
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TABLE 4 Internal consistence of the Brazilian-Portuguese SMAQ scale.

Corrected item—total

correlation

10.3389/fphar.2024.1348917

Cronbach'’s if the item was
excluded

1- Do you ever forget to take your medicine? 0.38 0.58
2- Are you careless at times about taking your medicine? 0.26 0.62
3- Sometimes if you feel worse, do you stop taking your medicines? 0.08 0.66
4- Thinking about the last week. How often have you not taken your 0.42 0.60
medicine?

5- Did you not take any of your medicine over the past weekend? 0.58 0.52
6- Over the past 3 months, how many days have you not taken any medicine 0.58 0.51

at all?

COSMIN Study Design Checklist for Patient-Reported Outcome

Measurement Instruments, were also considered.
Specifically, >50 patients were required for criterion validity,
while >100 patients were necessary for internal consistency,

reliability, and construct validity (Mokkink et al., 2019).

Data statistical analysis

Data analysis was conducted using the SPSS statistical analysis
program version 25.0. The statistical analyses were Cronbach’s alpha
to verify internal consistence, descriptive analysis, Student’s t-test,
chi-squared, and the Spearman coefficient correlation to test the
hypothesis and relationships among pharmacotherapy adherence
and other independently variables. Significance was considered
when p < 0.05.

Ethical aspects

All individuals directly involved who consented to participate in
this study were previously informed about the objectives and nature
of this research and signed the Consent Informed Term in
accordance with CNS resolution no 466/2012 (BRASIL, 2012).

Results

Cross-cultural adaptation of the
pharmacotherapy adherence scale

SMAQ scale translation

Table 1 compares the translated versions and the synthesis of the
SMAQ instrument translations. In the first two versions (A1 and
A2), translators who did not know about the study theme translated
the scale using less formal English than versions A3 and A4, which
were made by translators who received guidance about the study
objectives. However, in version Al, it is possible to observe more
frequently the use of technical terms, common to the health field,
such as “medicamento” (medicine) instead of “remédio” (pills) when
the translator was a health professional (nutritionist).

In the translation conciliation process, the expert committee
decided to mostly use the term “medicamento” (medicine), judging it
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to be technically more appropriate in a global context and preserving
the original meaning. Nevertheless, they decided to use the term
“remédio” (pills) in item 5 to approximate it to patients’ informal
language, considering that one of the aims of the study is to make the
scale accessible to users of Brazil’s public health system, who usually
have low health literacy.

Instrument back-translation

In the next step of the SMAQ instrument adaptation—the back-
translation—the RAO version was translated back into English by
another three translators, independent of each other, to verify
whether the Brazilian versions had any important mistakes or
translation inconsistencies that could make the actual content
different from the original. As foreseen in the methods, the back-
translators were not previously informed about the study objectives.

After this process, a new version conciliation step was conducted
by an expert committee which included a fourth expert who was
English-proficient to increase the synthesis reliability.

The SMAQ scale back-translation

Table 2 shows the original SMAQ scale followed by the back-
translations and the version synthesis. The original scale author, Dr.
Hernando Knobel, confirmed the semantic equivalence without
needs of adjustment.

Pretest

The pretest phase was the last step of the semantic equivalence
process and was the pilot model of the validation process. The
20 participants attended individually. Their mean age was 57 years
(22-79 years, standard deviation = 14.6); 65% were female, half did
not complete middle school, 85% affirmed having some
comorbidity, and 65% had had an arterial hypertension diagnosis
for more than 5 years. As for the number of antihypertensive drugs
in use, half of participants affirmed using three or more drugs, which
should be an alert for possible resistant hypertension.

Only two participants agreed to self-apply the scales, which may
be associated with the fact that 50% of participants had low health
literacy, which led the researchers to apply the scales by interviewing
participants as follows:

In the first of two cycles of pretesting (with 15 and 5 participants,
respectively), approximately 30% of the initial sample had some
difficulty understanding the term “desatento” (“careless”) in the
SMAQ scale item 2. This issue was brought to the attention of the
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TABLE 5 Total score and score per item correlation of the adapted SMAQ version with the MGL criterion.

SMAQ variable

Total SMAQ Q2 Q3
Total MGL Pearson’s correlation coefficient 0.560 0.487 0.407 0.166 0.248 0.306 0.372
p-value 0.000 0.000 0.000 0.073 0.007 0.001 0.000

expert committee, who decided to replace the term with
“descuidado”
adjustments, the lack of clarity with the new term still remained.
Therefore, the expert committee reverted to the original term

(“inattentive”). In the second cycle, after

(“careless”) and approved the final version for further reliability
and validation tests to determine whether additional adjustments
were necessary.

Psychometric properties evaluation

Sociodemographic data and
pharmacotherapy adherence

The Brazilian-Portuguese final version of the SMAQ scale was
applied to 117 outpatients with arterial hypertension diagnosis. The
mean age was 56.6 years (standard deviation = 10.7 years); 70.9% of the
patients were over 50 years, most were female (72.6%), and the self-
declaration of race and/or skin color was mostly “brown” (60.7%). As to
schooling levels, 73 patients did not reach high school, and 12% (1 = 14)
were not literate. The mean number of prescribed antihypertensives per
patient was 1.87 (standard deviation = 0.87), and 22 respondents (18.8%)
reported using three or more medicines to control their blood pressure.
The most reported medicines were losartan (n = 85) and
hydrochlorothiazide (n = 49), which 72.6% and 41.9% of patients had
used, respectively. The medicines that had these drugs combined were not
included in this calculus. Regarding existing comorbidities, 79 patients
reported having at least one: diabetes mellitus (1 = 41; 35%), dyslipidemia
(n = 39; 33.3%), and cardiovascular complications (n = 12; 10.2%).

As to scale adherence classification, 79.5% of patients were
considered non-adherent to treatment (n = 86). The mean time
spent to complete the instrument was 66.6 s. Table 3 shows the study
sample characteristics of SMAQ adherence classification.

Reliability

The scale reliability was tested by determining its internal
consistence with Cronbach’s alpha (Cronbach, 1951).

Internal consistence—SMAQ

The Cronbach’s alpha coefficient of the SMAQ scale was 0.631,
which is considered satisfactory.

Table 4 shows the values of corrected item-total correlation and
Cronbach’s alpha if the item was excluded from this instrument.

Internal consistence—MGL

In addition to the adapted instruments, this study also measured
the internal consistence of the MGL scale, Brazilian-Portuguese
version, used as criteria validity, and we obtained alpha value 0.627.
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TABLE 6 Relationship between adherence level and blood pressure (BP)
control.

Classification—SMAQ

BP control Total

Adherers

Non-adherers

Controlled BP 13 (11.1%)¢ 31 (26.5%)" 44 (37.6%)

Uncontrolled BP 18 (15.4%)° ‘ 55 (47.0%)* 73 (62.4%)

Total 31 (26.5%) 86 (73.5%) 117

a, b, ¢, d: code to the sensitivity, specificity, and (+) and () predictive value calculus.

Criterion validity

The Brazilian-Portuguese version of the MGL pharmacotherapy
adherence self-report was used as an external criterion to the
concurrent validation process as it is a worldwide instrument and
has already been adapted to different health conditions.

Concurrent validation—SMAQ

We obtained a positive Spearman’s correlation coefficient of
0.56 between the total score of the adapted SMAQ version and the
external criterion of the total MGL, with a significance level of p <
0.001. This is considered a satisfactory correlation between the test
and the external criterion. The results of total scores and score per
item are shown in Table 5.

Exploratory factor analysis

For EFA, the initial KMO measure of sampling adequacy was
0.691, and Bartlett’s test of sphericity was significant (x*> = 118.342,
p < 0.001).

The analysis of factor loadings in the pattern matrix shed light
on the relationship between the instrument items and the identified
factors related to i) specific medication-taking behaviors and ii)
barriers to adherence. Items exhibiting positive loadings in the first
factor included items 4, 5, and 6 (factor loadings 0.788, 0.750, and
0.739, respectively). This suggests a positive association between
these items and the factor representing specific medication-taking
behaviors. Conversely, items 1, 2, and 3 displayed a positive loading
in the second factor, indicating a direct association with barriers to
adherence (factor loadings 0.579, 0.768, and 0.645, respectively).
These findings underscore the multidimensional nature of
therapeutic adherence, wherein distinct factors capture different
aspects of adherence behavior, including both medication-taking
behavior and barriers to adherence.

The EFA revealed eigenvalues exceeding the conventional
threshold of 1 for the first two items of the instrument, with
values of 2.313 and 1.250, respectively, explaining 59.4% of the
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TABLE 7 Sensitivity, specificity, positive predictive value, and negative predictive value of each studied instrument.

Instrument Sensitivity Specificity Positive predictive value Negative predictive value
SMAQ 75.30% 29.50% 63.90% 41.90%
MGL 66.60% 45.20% 68.50% 43.20%

TABLE 8 Social desirability according to adherent behavior classification.

Instrument Social desirability
Mean Standard deviation
SMAQ Adherers 31 23.55 3.529 0.019
Non-adherers 86 21.59 ‘ 4.796
MGL Adherers 42 23.60 ‘ 3.883 0.005
Non-adherers 75 21.28 ‘ 4.726
variance. These eigenvalues signify substantial variance explained by Discussion
these items, validating their importance within the measurement
construct. While subsequent items displayed eigenvalues below 1, Many researchers in the cross-cultural adaptation of
each item elucidated over 7% of the total variance, indicating instruments have recommended submitting all materials

significant contributions to the construct. Retaining all six items
ensures a comprehensive coverage of medication adherence
behavior, enhancing the instrument’s validity and sensitivity to
diverse patient responses. The decision to retain all items aligns
with the instrument’s theoretical framework and intended purpose,
facilitating a thorough assessment of medication adherence.

Known groups’ validation

In this step, we considered that patients with uncontrolled blood

pressure are related to low level of antihypertensive
pharmacotherapy adherence. The mean values of SBP and DBP
were 145.6 mmHg (standard deviation = 19.1) and 88.8 mmHg
(standard deviation = 12.0), respectively. Table 6 shows the
results of the relationship between SMAQ scale adherence level
and blood pressure control. The Pearson’s chi-squared test did not
find a statistically significant difference in this association (p = 0.56).
Thus, it is not possible to conclude that this scale is capable of
differentiating patients with good blood pressure control from those

with bad control.

Sensitivity, specificity, and predictive values

Concerning blood pressure control, Table 7 shows that the
SMAQ scale presented better sensitivity and worse specificity
than the MGL standard.

The t-test for equality of means showed a significance level in the
relationship between the scores of social desirability of the MC-SDS-
BR scale and the adherent behavior for the SMAQ (p = 0.019) and
MGL (p = 0.005) scales. The results are detailed in Table 8.
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generated throughout an adaptation process to the original
developers of the instrument. This practice adds value and
ensures the safety and quality of the final product—the adapted
instrument (Beaton et al., 2000; LINO et al., 2018). We identified
that the back-translation synthesis did not present great discrepancy
compared to the original version of the instrument, which shows the
quality and consistency of the synthesis version (RAO).

There are some studies of the cross-cultural adaptation and
validation of the SMAQ, including those adapted to specific clinical
conditions such as patients in hemodialysis, patients with lung
cancer and breast cancer, and renal transplanted patients (Ortega
Sudrez et al,, 2011; Oberguggenberger et al., 2012; Theofilou, 2012;
Alikari et al.,, 2017). The Greek version of the SMAQ, modified for
patients in hemodialysis, maintained only four items related to
pharmacotherapy, changing two points for behavior in the
hemodialysis section and including two new Likert-like items
related to water restriction and diet compliance, making it a
version related to a broad behavior of treatment adherence
(Alikari et al., 2017).

In the present study, considering the reliability of the SMAQ
scale version, it is notable that the third question shows low
corrected item-total correlation (0.08). However, its exclusion
does not substantially increase the internal consistency of the
instrument (o = 0.661). In addition, this is the only item that is
related to treatment safety and potentially adverse effects. A great
number of antihypertensive drugs present adverse effects that could
interfere in the relationship between patient and prescribed
treatment, such as bronchospasm and bradycardia by beta-
blockers; dry cough by angiotensin-converting enzyme inhibitors;
malleolar edema and headache by calcium channel blockers;
sedation, dry mouth, and autoimmune reactions with the agonist
of alpha-central action; cramps, fatigue, and sexual dysfunction with
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diuretics (Malachias, 2016). Excluding the item could affect the
recruitment of patients who reflect non-adherent behavior before a
possible medicine’s undesirable effect.

Regarding the internal consistence presented by the MGL scale,
the result here is similar to that in Morisky et al. (1986) in the
original version of this instrument (a = 0.61) when applied to
400 patients with arterial hypertension. The Brazilian version of
the MGL, studied by Ben, Neumann, and Mengue (Ben et al., 2012),
found alpha equal to 0.73 when tested with 206 patients who also
had arterial hypertension diagnosis. Although the literature accepts
this alpha value, high internal consistency is generally associated
with alpha values above 0.8.

Considering that the studied scales did not achieve a high
reliability coefficient, it is important to understand that the
Cronbach’s coefficient values are strongly influenced by the
instrument’s number of items. The reduced number of items per
domain of an instrument may reduce the alpha values, thereby
affecting its internal consistency (Souza et al., 2017; Ventura-Leén
and Pena-Calero, 2021).

The original version of the SMAQ scale was based on the MGL
scale, maintaining a similar structure in the first three items while
introducing three new questions. This alignment likely contributed
to the positive outcome observed in the concurrent validity
assessment. However, despite this similarity, the third and fourth
items showed weak correlation with the external criteria. The low
correlation of item 3 may be due to poor understanding of the
question. In this item, patients are expected to attribute their
perceived worsening in health status to medication, but some
patients in our study may have attributed it to other factors not
related to medication. In our study, 30% of patients had low literacy
levels. Item 4 may be susceptible to memory or reporting biases, with
participants possibly failing to accurately recall or underestimating
the frequency of missed medication doses, resulting in a weaker
correlation with the MGL. Overall, the interpretation of the total
score in Pearson’s correlation coefficient suggests a moderately
positive association between the MGL and the SMAQ, indicating
a tendency for both scores to increase together, though not
identically.

The sensitivity of the adapted SMAQ version was similar to that
reported by the original authors (72%), who validated it against
medication event monitoring systems (MEMS) with people living
with HIV. The results of specificity and positive predictive value
were considerably superior in the first version (91% and 87%,
respectively) (Knobel et al., 2002). However, the Morisky—Green
test exhibited similar behavior to that identified by Ben, Neumann,
and Mengue (Ben et al,, 2012) in patients with uncontrolled blood
pressure, demonstrating 61% sensitivity and 36% specificity.

Accordingly, the SMAQ has demonstrated greater potential for
correctly detecting patients with uncontrolled blood pressure but is
less capable of identifying patients with controlled blood pressure. A
similar pattern is observed with the positive and negative predictive
values, indicating a higher likelihood of individuals classified as
“non-adherers” having uncontrolled blood pressure.

The low specificity results may be attributed to the high social
desirability observed within the study sample. “Social desirability”
represents the participants’ inclination of biased responding, seeking
to give answers that are more socially accepted and denying personal
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association with socially unacceptable behaviors (Crowne and
Marlowe, 1960; Ribas et al., 2004).

The results confirm that patients classified as adherers are prone
to present a health behavior with more social desirability, which may
suggest a seeming adherence and affect the specificity of self-report
parameters of adherence. The desire of social acceptance could skew
parameters under evaluation in scientific investigations—a threat to
its validity (Poinhos et al., 2008).

Evans (1982) reported the existing positive linear relationship
between the MC-SDS score and age, and a negative linear
relationship between the MC-SDS and schooling. The general
profile of those participating in this study—older individuals, low
schooling, a limited socio-economic situation, and predominantly
served by the Brazilian Public Health System—tend to influence this
result. As public health system users fear some loss in their rights
over the integrity of their healthcare, they feel that they need to
present socially approved behavior (SILVA, 2015). This observation
is corroborated by the study of the Brazilian MC-SDS instrument
adaptation, conducted by Ribas, Moura, and Hutz (Ribas et al,
2004), which found a strong correlation of factors as social
desirability (p < 0.05).

In addition to the higher scores of social desirability, studies
suggest that lower schooling and health literacy is associated with
inappropriate medicine intake behavior, being a direct or indirect
predictor of pharmacotherapy adherence and blood pressure control
(Nafradi et al., 2016; Wannasirikul et al., 2016; Lee et al., 2017; Shi
et al., 2019).

In this study, the absence of a direct method of determining
adherence during criterion validity testing presents a limitation.
Thus, we urge future studies to incorporate MEMS or similar
technologies to accurately assess criterion validity. In addition,
utilizing MEMS can provide valuable insights into medication-
taking behavior and barriers to adherence related to forgetfulness.

Finally, although there are questionnaires already available in
Portuguese for evaluating medication adherence, it is imperative in
the context of the Brazilian public healthcare system that patient-
reported outcome measures be easy to administer and comprehend
and are non-proprietary, thus avoiding the need for copyright
payments. Additionally, our cross-cultural adaptation process
involved the participation of the original SMAQ author,
contributing to the semantic equivalence of the translated
version. This is expected to benefit healthcare professionals and
researchers in their efforts to improve patient care and outcomes
in Brazil.

Conclusion

The cross-cultural adaptation of the SMAQ instrument followed

international ~ methodological = recommendations,  including

translation,  back-translation, equivalence evaluation, and
pretesting. Additionally, both adapted versions were approved by
the respective authors of the original instruments, which attests to
the credibility of the translation process.

The Brazilian-Portuguese version of the SMAQ scale presented
acceptable internal consistence and criterion validity over the MGL

scale. This instrument construct validity related to blood pressure
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control presented a limitation due to its low specificity, which was
probably induced by the high social desirability of the sample.
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