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ABSTRACT

Introduction and objectives Only about 50% of
chronic patients in high-income countries adhere to their
treatment. There are methods to measure medication
adherence but none of them can be considered optimal.
This study will aim to design and validate a questionnaire
to measure medication adherence in patients with
ischaemic heart disease using a direct method as a gold-
standard adherence measure and taking into account the
gender perspective. Moreover, the profile of low adherence
in these patients will be determined.

Methods and analysis First study phase consists

on the questionnaire design following the next steps:
identification of the dimensions, definition of the target
population, questionnaire items and order, response
coding, questionnaire instructions, content validity by
experts and understandability. In the second phase,

a cross-sectional study will be performed to end the
questionnaire development and validate it. Four hundred
and forty patients (50% female) with acute coronary
syndrome receiving treatment within the previous 12
months will be included. Patient will answer the initial
questionnaire and adherence to aspirin and statin will

be measured using a direct method (drug concentration
analysis in blood) and other questionnaires. From the set
of preselected questionnaire items, those most closely
associated with the gold standard measure will be
selected using multivariate statistics.

Ethics and dissemination All participants gave their
written informed consent before participating in the study.
The study protocol follows the recommendations of the
Declaration of Helsinki and was approved by the ethics
committees of the three participating centres. The results
of this study will be displayed at national and international
conferences and in peer-reviewed scientific journals.

INTRODUCTION

Pharmacological treatments are the main
tools to effectively prevent and treat chronic
disease. However, despite their importance,

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Regarding the limitations, there is a chance that the
criteria of consulted experts will be heterogeneous.

= Other limitations include those common to self-
completed questionnaires in general (if they end up
being completed in this way), such as the inability to
clarify questions or answers and the conditioning of
responses by the patient’s state of mind at the time
of the interview.

= The main strengths of this study on the design and
validation of a medication adherence questionnaire
are as follows: it will take into account the main
international recommendations for questionnaire
design; it will involve both health professionals and
patients in the design process; it will use a direct
method as a reference standard to assess the crite-
rion validity and it will take into account the gender
perspective, both in the questionnaire design and
validation stages.

the correct use of medication continues to be
a challenge,' as about 50% of chronic patients
in high-income countries have discontinued
their treatment after 12 months.*® Lack of
medication adherence leads to poor clin-
ical outcomes, and in turn to an increase in
mortality, morbidity and health costs. This
may be one of the main causes of poorly
controlled chronic diseases. Thus, adherence
is a crucial issue for population health from
the perspectives of both quality of life and
health economics.

The WHO defines therapeutic adherence
as ‘the extent to which a person’s behaviour—
taking medication, following a diet and/or
executing lifestyle changes—corresponds
with the agreed recommendations from
a healthcare provider’ and considers that
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improving it may be the best investment to effectively
address chronic processes.* Specifically, the medication
adherence is defined as ‘the process by which patients
take their medications as prescribed, composed of initia-
tion, implementation and discontinuation’.”

Medication adherence is a multifactorial phenomenon
determined by the action of five interrelated domains
with several factors:® patient characteristics, such as age,
employment or economic status, culture, educational
level, geographic area and race;”™" social and family envi-
ronment;14 characteristics of the disease; therapeutic regimen and
health system conditions, including the characteristics of the
health professional.'”'®

Cardiovascular disease (CVD) is the main cause
of premature death in most European populations,
including in Spain.'” Improvements in hygiene, nutri-
tion, and healthcare have favoured better survival, but
CVD still represents an important source of disability and
contributes substantially to increases in healthcare costs."®
Ischaemic heart disease is the leading cause of hospital
visits in our country, and it has a great health and social
impact.' Previous studies indicate that most recurrent
cardiovascular events occur in survivors of acute coronary
syndrome, particularly in the first year after the event.”
Lack of adherence to medication is common among
patients with this disease.”’ ** In Spain, according to the
latest published review endorsed by the Spanish Society of
Cardiology, the percentage of adherence to medication
for secondary prevention is 56% in patients who have had
a previous cardiovascular event.”” In the European Union,
around 194500 deaths are attributed to non-adherence
to prescribed medication, and the estimated cost is EUR
125 billion.** The optimisation of secondary prevention
therapies and especially patients’ adherence to them are
the key to achieving a greater reduction in cardiovascular
mortality and associated costs.”” According to data from
a study on the cost-effectiveness of the polypill, each 10%
increase in adherence can reduce CVD complications by
6.7%.%°

If physicians fail to identify non-adherence as the
cause of poor disease control, a drug may be mistakenly
regarded as ineffective, unnecessarily intensifying treat-
ments or even leading to unnecessary diagnostic tests. In
addition, clinical trial results may not be well interpreted
if adherence to the drug in question is unknown.?’

Methods to measure medication adherence can be
direct (through direct observed therapy, therapeutic
drug monitoring or ingestible sensor-based system)
or indirect (patient self-report questionnaires, tablet
counting, medication event monitoring systems, among
others).”™ The direct method is objective, specific and
the most accurate, but it is expensive and unfeasible in
clinical practice. The indirect method is usually based on
self-report questionnaires. This method has limitations,
including subjectivity, recall bias and response bias,
since the information is reported by the patient them-
selves, but it is the most widely used because it is practical
and inexpensive.”® There is a wide variety of adherence

questionnaires, most of which are validated for chronic
diseases such as arterial hypertension, AIDS, tubercu-
losis, diabetes and dyslipidaemia; however, they do not
use a direct method as a reference measure of adherence
or account for gender in the design process. Previous
literature® reports that there are differences between
the factors associated with non-adherence between men
and women, thus to introduce the gender perspective
in research on adherence is important. The most widely
used, validated questionnaires in Spain are the Haynes-
Sackett™ and Morisky-Green tools, which generally have
a low negative predictive value and low sensitivity’ and
are sometimes used in diseases for which they have not
been validated. In general, while there are numerous
tools to measure medication adherence, currently none
of them can be considered optimal.

Therefore, the main aim of this study will be to design
and validate a questionnaire to measure medication
adherence in patients with ischaemic heart disease,
taking into account the gender perspective. Secondary
aims are to compare this new questionnaire with the most
widely used instruments for measuring medication adher-
ence in clinical practice, and to determine the profile of
low adherence in patients with ischaemic heart disease in
Spain, according to sociodemographic and clinical vari-
ables as well as gender.

METHODS AND ANALYSIS

The study protocol has been approved by the ethics
committees of the four participating centres: San Juan
de Alicante University Hospital (Alicante), Elda General
Hospital (Alicante), Alicante General Hospital (Alicante)
and HM Sanchinarro (Madrid). The study has two phases
(figure 1).

PHASE 1: QUESTIONNAIRE DESIGN (FROM JANUARY 2022 TO
SEPTEMBER 2023)

We will follow the methodology and recommendations
proposed by the American Research Association.*

Definition of the construct: identification of the dimensions
Aliterature review will be carried out to develop the theo-
retical framework for analysing adherence to medications.
Subsequently, a consensus group made up of researchers
in the fields of cardiology, primary care and nursing who
investigate medication adherence will identify possible
causes of non-adherence to treatment in patients with
ischaemic heart disease, defining these as possible dimen-
sions of the questionnaire. Likewise, consultations will
be carried out with community pharmacy professionals
and with women and men with ischaemic heart disease
in drug treatment for at least 1 year, using qualitative
(focus groups) and quantitative (closed-question surveys)
methods.
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Figure 1 Timeline diagram.

Purpose of the scale

The target population (age, disease and setting) and
the form of administration of the questionnaire will be
defined. In this case, the questionnaire is aimed at people
with ischaemic heart disease undergoing drug treatment
for at least 1 year, and it will be self-completed.

Definition of questionnaire items

Questionnaire items will be formulated based on the
dimensions identified and will be adapted to the target
population. Items and their possible answers will be
collectively exhaustive, mutually exclusive, brief and easy
to understand, avoiding negative forms and the use of
the question ‘Why’. No questions will be formulated in
such a way that one of the answers is so desirable that
it can hardly be rejected. Likewise, we will avoid ques-
tions that require calculations or recall effort. Possible
biases (central tendency error, social desirability, learning
or proximity bias, logical error and information collec-
tion bias) will be monitored. A control type item will be
introduced to verify, as far as possible, the consistency
of the responses obtained. Two expert psychologists in
questionnaire design will review the items against the
recommendations.

Determination of the number of items in the questionnaire

In the initial phase of questionnaire development, it is
recommended to include twice as many items as those
that will make it into the final version, with a minimum of
6 and a maximum of 90. Each dimension should have a
minimum of three items.

YEAR 3

Logical ordering of the items

The items will be ordered by dimension and type of
response, placing the most conflictive or direct items at
the end of the questionnaire.

Coding of the item responses

We will choose the most appropriate response scale
(dichotomous, multiple choice or Likert), and scoring
system (simple or weighted) for each item.

Development of questionnaire instructions

The instructions for the questionnaire will appear above
the items, with an explanation of how the patient should
complete the responses in language that is understand-
able to patients of any cultural level.

Expert assessment: content validity

Subsequently, the questionnaire will be reviewed by two
experts in the design and validation of questionnaires as
well as two experts in CVD who did not participate in the
questionnaire design; their recommendations will be used
to eliminate irrelevant aspects, add other essential concepts
and/or modify the existing items when needed. The experts
will be invited to make a qualitative assessment of each item
(representativeness of the dimension, relevance, clarity and
comprehensibility), of the response options and the order
and structure of the complete content of the questionnaire.
The researchers will review each of the items in light of the
experts’ suggestions as long as at least two of them do not
answer that they ‘agree’ on what is being asked.

Assessment of understandability
Individual interviews will be carried out with patients
with the same profile as the target population in order to
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identify the most appropriate types of questions, identify
correct and understandable statements, adjust the length
of the questions, identify psychological resistance to some
questions, determine whether the internal ordering is
logical and assess whether the overall length of the ques-
tionnaire is acceptable.

PHASE 2: FINAL DESIGN AND VALIDATION OF THE
QUESTIONNAIRE (FROM OCTOBER 2022 TO SEPTEMBER 2024)
Study design and population

A descriptive, cross-sectional observational study will be
performed to validate the questionnaire, using a direct
method asa gold standard adherence measure. This multi-
centre study will be carried out in the hospital setting for
24 months. The study population will be recruited from
the cardiology service of four hospitals in Spain (in San
Juan de Alicante, Elda, Alicante and Madrid).

Eligible patients will be adults (=18 years) with a diag-
nosis of acute coronary syndrome who have been under-
going treatment for at least the last 12 months with the
drugs recommended for secondary prevention of CVD
(at least acetylsalicylic acid (ASA), atorvastatin or rosu-
vastatin), and who understand and speak Spanish. Exclu-
sion criteria will be treatment interruptions in the last 12
months, a neurological or psychological condition that
prevents the completion of questionnaires, life expec-
tancy of less than 1 year, a disease that affects the capacity
for self-assessment, disease-related or physical circum-
stances that may affect their adherence and/or having
problems reading or writing.

Participant selection and data collection
The researchers from the cardiology services will be
responsible for recruitment, participant inclusion and
data collection during their daily clinical practice. Sample
selection will be carried out consecutively among patients
attending the cardiology clinic for a follow-up visit during
the inclusion period. The researchers will explain the
purpose of the study to eligible patients and invite them
to take part. After the patient and the researcher sign
informed consent, the following data will be collected as
detailed as follows.

» Sociodemographic variables and information on
medication-taking behaviour will be collected through
a self-administered ad-hoc form.

» Variables on medical history, treatments and clinical
variables will be collected through a review of the
patient’s electronic medical record.

» The patient will be asked to complete our proposed
adherence questionnaire in Spanish, plus the
eightitem Morisky Medication Adherence Scale
(MMAS-8),* % validated in Spanish, and the
Haynes-Sackett” questionnaire.

» Gold-standard adherence test: the patient’s blood will
be extracted in the clinic on the same day of study
inclusion by the research staff for the subsequent

analysis of ASA and statin concentrations (atorvastatin
or rosuvastatin).
All information will be collected anonymously, with a
code generated for each patient.

Processing, storage and sample analysis

Three EDTA-K2 tubes (4mL) of blood, previously chilled
in an ice bath, will be drawn from each patient and gently
inverted eight times. The tubes will be kept cold with an
ice bath (2°C to 8°C) until centrifugation. Within 15 min
of extraction, they must be centrifuged at 3000rpm
(1000g) for 10 min at 4°C.

Within 20 min (maximum) after centrifugation, 2.5 mL
plasma will be separated and extracted from the tube for
ASA determination, into a tube previously cooled in an
ice bath and containing 250 pLL of 1 mol/litr hydrochloric
acid (HCI IN). The acidified plasma will be mixed gently
for 55, divided into two tubes of 1 mL aliquots, identified
with the patient number (first aliquot and backup). These
tubes will be stored at —-80°C.

Within 15 min (maximum) after centrifugation, plasma
will be separated and extracted from the tube for statin
determination, into two aliquots of 1 mL each (two tubes
identified with the patient number and differentiating the
first aliquot from the backup). Both tubes will be stored at
-80°C. Therefore, in total, four tubes per patient will be
stored—the respective first aliquots and backup aliquots
for ASA and statin determination. At the end of the inclu-
sion period or when the maximum storage limit set by
each centre is reached, the samples will be sent to the
contracted laboratory for analysis. The frozen tubes will
be sent in dry ice containers together with the technical
data sheet.

An external national laboratory will perform the anal-
ysis of drug plasma levels. The determination of ASA will
be carried out by means of partial validation of an analyt-
ical method for ASA measurement in human plasma
samples by LC-MS/MS (liquid chromatography coupled
with tandem mass spectrometry (triple quadrupole) with
electrospray probe). For the statins, determination will
be performed using liquid chromatography coupled with
tandem mass spectrometry (triple quadrupole) with ESI
probe in multiple reaction monitoring detection mode

(UHPLC-MS/MS).

Study variables

» Results for each item of the proposed adherence
questionnaire.

» Gold standard test results: concentration of ASA
and statins in the patient’s blood. Based on theoret-
ically calculated range of plasma drug concentration
at steady-state condition, patients will be categorised
into three different levels of adherence: fully adherent
(within the range), partially adherent (below or above
the range) or non-adherent (not detectable).

» Outcomes of the MMAS-8 questionnaire: level of
adherence to medication
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» Outcomes of the Haynes-Sackett questionnaire: level
of adherence to medication.

» Sociodemographic variables: sex, age, country of
origin, educational level, current employment situa-
tion, marital status, zip code, net household income,
household unit, caregiver, independence in the basic
activities of daily living and self-perceived health.

» Health-related behaviours: tobacco, alcohol, special
diet, main daily activity and physical activity in leisure
time.

» History of disease: date of diagnosis of acute coronary
syndrome, type of event in the first episode, number
of episodes, revascularisation, weight, height, blood
pressure, heart rate, cardiovascular risk factors, other
CVDs, comorbidities, type of cardiovascular medica-
tion that the patient takes, other treatments, date when
ASA treatment began and dose prescribed, date when
current statin treatment began and dose prescribed,
modification of statin or ASA regimen treatment
during the last month adherence as perceived by the
cardiologist.

» Medication intake: person in charge of administering
the patient’s medication, number of pills per day,
number of doses per day and approximate time of
taking medication (ASA and statin).

Sample size calculation

According to Costello and Osborne,”
factorial structure of 70% is empirically obtained with 20
participants per questionnaire item. Therefore, the final
sample will be a minimum of 20 participants per item,
plus 10% to account for losses. We estimate a maximum
of 20 items in the questionnaire, so at least 440 patients
are required. In order for the questionnaire to adequately
represent both men and women and to include the
gender perspective, patients will be included until the
proportion of men and women is similar and the calcu-
lated minimum is achieved.

a minimum correct

Pilot study

A pilot study with 40 patients (20women and 20 men)
from a single-study centre will be conducted to test the
entire research process, from patient enrolment to valida-
tion analysis in order to detect potential errors or unex-
pected problems.

Statistical analysis

From the set of preselected items in the questionnaire
design stage, the items most closely associated with the
gold standard measure (max. 20 items) will be selected
using multivariate statistical techniques. In this selection,
the specific weights of each item by gender will be taken
into account.

A descriptive analysis of the different variables will
be performed to characterise the sample. Categorical
variables will be described using absolute and relative
frequencies, and quantitative variables using means,

SD and range. A separate analysis will be carried out by

gender.

The following tests will be performed to validate the
questionnaire:

» Reliability: internal consistency will be measured
using the McDonald Omega coefficient and its 95%
ClI for all the items and for each dimension. Temporal
stability will be measured using a test-retest of 50
randomly selected participants and calculated using
the intraclass correlation coefficient of the total score
along with its 95% CI.

» Validity: content validity will have been assessed at
the end of the questionnaire design phase. Construct
validity will be measured through an exploratory
and confirmatory factor analysis, using polychoric
matrices for categorical items. The sample will be
equally divided into two subsamples: the exploratory
analysis will be carried out in an adjustment sample
and the confirmatory analysis in the other test sample.
Criterion validity will be measured by comparing
the scores of the items with the gold standard, that
is, the concentration of the active principle of ASA
and statins. Sensitivity, specificity, positive and nega-
tive predictive value, positive and negative likelihood
ratio, overall hit and error rate and the area under
the receiver operating characteristic curve will be
calculated.

To assess the gender perspective, the gender variable
will be taken into account as a weighting variable in the
calculation of the total score of the questionnaire, which
will be calculated based on the specific scores of each
item using weighted sums or another function, as appro-
priate. An optimal cut-off point for the total score will
be determined to define adherence, optimising validity
parameters against the gold standard.

To determine patients’ adherence profile according
to the classification obtained by the questionnaire and
the categorical explanatory variables, 2x2 tables will be
constructed and the y” test applied. For quantitative vari-
ables, student’s t test or Mann-Whitney U test will be used,
as appropriate. A multivariable logistic regression model
will be fitted to assess the OR for low adherence and its
95% CI according to the explanatory variables. The results
of the MMAS-8 and Haynes-Sackett adherence question-
naires will be compared with the gold standard (direct
method), calculating predictive indicators.

Patient and public involvement statement
None

DISCUSSION

This project could produce a simple, freely accessible
questionnaire, with better predictive values than existing
questionnaires and validated in patients with ischaemic
heart disease. The questionnaire would also take into
account the gender perspective, since none of the tools
currently available to measure medication adherence are
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optimal, allowing an exact assessment that is sensitive to
differences between genders.”® This questionnaire could
be used by family physicians, cardiologists, the pharma-
ceutical industry, pharmacists, nurses, psychologists, and
the scientific community in general.

A number of questionnaires have been developed to
measure medication adherence in patients with chronic
diseases. The MMAS—8,34 Haynes-Sackett test,30 Maastricht
Utrecht Adherence in Hypertension questionnaire,”
Martin-Bayarre-Grau scale,39 Hill-Bone scale,40 VOILS
questionnaire,*’ Battle test” and Hermes test™ were all
initially designed and validated for hypertensive patients.
In addition, the Self-Efficacy for Appropriate Medica-
tion Use Scale™ was designed for patients with coronary
disease, the Adherence to Refill and Medication Scale®
for multimorbid patients and the Beliefs about Medi-
cines Questionnaire (BMQ)* for assessing patients’
beliefs about medication and how these influence on
adherence to medication. Subsequently, some of these
questionnaires have been validated in other populations,
obtaining different predictive values, specificity and sensi-
tivity for each type of disease or country. Each question-
naire provides different information, some more focused
on the patient’s behaviour in terms of taking medica-
tion and others more focused on beliefs about medica-
tion adherence.'” Therefore, depending on the type of
patient and the type of information needed, one or the
other can be used.” All these questionnaires are based
on self-report, and none have used a direct method as
the gold standard to analyse criterion validity, nor have
they taken into account the gender perspective during
their design as we do. Furthermore, some of them are not
freely accessible.

Using the new questionnaire that will be developed in
our study, the health professional could assess the degree
of adherence in patients with ischaemic heart disease
and could direct their efforts at reinforcement to those
who present a low adherence profile, anticipating future
events and improving the patient’s quality of life. In short,
knowing if a patient with ischaemic heart disease adheres
to their treatment can help healthcare professionals iden-
tify the causes of the lack of adherence and try to correct
them, which will allow better control of their risk factors
and avoid possible complications.

The main strengths of this study on the design and vali-
dation of a medication adherence questionnaire are as
follows: it will take into account the main international
recommendations for questionnaire design; it will involve
both health professionals and patients in the design
process; it will use a direct method as a reference standard
to assess the criterion validity and it will take into account
the gender perspective, both in the questionnaire design
and validation stages.

Regarding the limitations, there is a chance that the
criteria of consulted experts will be heterogeneous and
any relevant issue could not be included in the ques-
tionnaire. Other limitations include those common to
self-completed questionnaires in general (if they end

up being completed in this way), such as the inability
to clarify questions or answers that can lead to misun-
derstandings, the reading ability of the patients that can
generate comprehension problems, the occasional forget-
ting of any of the questions asked and the conditioning
of responses by the patient’s state of mind at the time of
the interview. To control for this variability, the question-
naire instructions will be short and precise, and the items
will be well defined in an operational manner, with clear
and unambiguous language, avoiding wording that leads
to biased responses and ordered in a controlled manner.
In addition, the gold standard test result will be limited to
a certain time window when analysing the plasma concen-
tration of the drug; therefore, there may be a possibility
that a patient who takes the medication correctly could
be considered non-adherent or partially adherent. Desir-
ability bias will be controlled for by informing the patient
that all the data and questionnaires that they complete
will be anonymous, and they will fill in the questionnaire
in a waiting room without the presence of healthcare
personnel. Finally, there could be a selection bias if non-
adherent patients tend not to accept the invitation to
participate in the study.

Ethics and dissemination

All participants gave their written informed consent
before participating in the study. The study protocol
follows the recommendations of the Declaration of
Helsinki and was approved by the ethics committees of
the three participating centres. Only the investigators had
access to the study data. The results of this study will be
displayed at national and international conferences and
in peer-reviewed scientific journals.
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