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MARS-5 vs. MARS-10: Optimizing pharmacist-led adherence 
assessment in clinical heart failure practice

ABSTRACT

Optimising medication adherence is essential for effec-
tive heart failure (HF) management, yet nonadherence 
remains common, particularly among hospitalised and 
advanced-stage patients. This study evaluated the inter-
nal consistency reliability and score association of the 
Medication Adherence Report Scales, MARS-5 and 
MARS-10, self-report questionnaires in clinical pharma-
cist-led adherence assessments in hospitalised HF 
patients. Tools were administered during structured 
pharmacist-led interviews. To complement quantitative 
findings, four clinical cases were presented to illustrate 
the clinical relevance of adherence assessment in real- 
-world HF management. Results showed a strong asso-
ciation between MARS-5 and MARS-10 (n = 70) 
responses (unweighted Cohen’s kappa 0.820 (95 % CI 
0.683–0.957; p < 0.001) for categorizing patients as nonad-
herent or adherent and Pearson’s r coefficient of 0.899 
(95  % CI 0.847–1.000; p < 0.001) for continuous score 
correlation), supporting score association and flexible 
use in clinical settings, with MARS-5 reliably identify-
ing nonadherence (defined as score < 20 for MARS-5 and 
≤ 8 for MARS-10), with potentially reduced respondent 
burden due to fewer items. Serious clinical complica-
tions were documented in nonadherent patients (41.43 % 
by MARS-5 and 35.71 % by MARS-10), illustrated 
through selected cases including stent thrombosis, 
embolic stroke, graft dysfunction, and deterioration in 
glycaemic control. These findings indicate the potential 
of MARS-5 as a practical, time-efficient tool for routine 
adherence assessment in acute settings. Case analyses 
underscore the critical role of the clinical pharmacist in 
proactively identifying nonadherence and enabling 
timely, targeted interventions to mitigate risk and 
improve patient outcomes in HF care.
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INTRODUCTION

Adherence is defined as the extent to which a patient's behaviour corresponds with 
the agreed recommendations from a healthcare provider (1). Medication adherence, as a 
key component of overall adherence, which encompasses numerous health-related beha
viours (e.g. following dietary and physical activity recommendations and regular monitor-
ing), plays a central role in the effective management of chronic diseases. Among these 
conditions, cardiovascular diseases (CVDs) are particularly impacted by suboptimal 
adherence because they require long-term, often complex pharmacotherapy regimens 
aimed at controlling symptoms, preventing acute events, and improving survival (2, 3). 
The presence of multiple comorbidities such as hypertension, diabetes, and chronic kidney 
disease, combined with polypharmacy and frequent treatment adjustments, increases the 
risk of both intentional and unintentional nonadherence. Moreover, many cardiovascular 
drugs act preventively and are asymptomatic in their benefit, leading patients to underes-
timate their importance, which further contributes to poor adherence. According to the 
latest global estimates, CVDs remain the leading cause of death, accounting for approxi-
mately 17.9 million deaths per year, equivalent to 32 % of all global deaths (4). Nonadherence 
exacerbates the burden of CVDs, contributing to increased rates of hospitalisations, emer-
gency department visits, and mortality, while placing substantial economic pressure on 
healthcare systems (5).

Within the broad spectrum of CVDs, heart failure (HF) presents a particularly formi-
dable challenge in terms of medication adherence. According to the latest position paper 
from the Heart Failure Association (HFA) of the European Society of Cardiology (ESC), HF 
affects around 63 million people worldwide, with 5-year mortality rates > 50 % in advanced 
HF (6). The substantial prevalence of HF imposes a significant economic burden on health-
care systems, with the estimated annual cost of 33.14 billion United States dollars (USD) in 
the European Union and 30.7 billion USD in the United States (7). Despite improvements 
in therapy and better adherence of prescribers to clinical guidelines (8), the prevalence of 
HF continues to rise, along with associated morbidity and mortality. The American College 
of Cardiology (ACC)/American Heart Association (AHA) and the ESC guidelines empha-
sise the importance of adherence to medications due to their remarkable effect in reducing 
morbidity and mortality in HF (9, 10). Yet, despite therapeutic advances, medication adher-
ence remains alarmingly suboptimal. Estimates suggest that only 40 to 60 % of patients 
with HF adhere to their treatment regimens (11).

Nonadherence in HF has been linked to adverse clinical outcomes, including increased 
all-cause mortality and higher rates of cardiovascular hospitalisations (12, 13). Worsening 
of HF is often related to nonadherence, accounting for approximately 10 % of hospitalisa-
tions and conferring a 10 % higher risk of readmission (14). Nonadherent patients have been 
shown to be twice as likely to require hospital admission compared to those who adhere to 
their medication (13). Furthermore, inadequate adherence compromises symptom control 
(13), undermining the benefits of guideline-directed medical therapy and accelerating dis-
ease progression. Contrariwise, reductions in nonadherence are found to result in fewer 
hospital admissions, readmissions and less mortality (12–14). Ruppar et al. suggested that 
medication adherence should be addressed in regular follow-up visits with HF patients, 
and interventions to improve adherence should be a key part of HF self-care programs (15). 
Data is scant for levels of adherence or the effect of medication nonadherence in Croatian 
patients with HF, inviting research on this population of vulnerable patients. Measuring 
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medication adherence in HF is essential given its impact on the abovementioned outcomes. 
In the absence of a single gold-standard method, clinicians and researchers rely on direct 
or indirect assessment approaches, each with specific advantages and limitations. Among 
indirect methods, self-reported adherence questionnaires are commonly used in both clin-
ical and research settings for their affordability, simplicity and emphasis on the patient’s 
perspective. Among these tools, Medication Adherence Report Scale (MARS) stands out as 
a validated instrument for assessing self-reported medication adherence (16). Developed by 
Horne and colleagues, MARS is available in two formats: the full-length MARS-10, com-
prising ten items, and the shorter MARS-5 version of the questionnaire, which retains five 
core items of the original questionnaire. Although both versions are validated self-report 
instruments for assessing medication adherence, their comparative performance has not 
been investigated in hospitalised HF patients, a population with complex pharmacotherapy 
regimens and high risk of nonadherence. Furthermore, there is limited evidence on their 
use within pharmacist-led adherence assessments in acute-care settings. This study, there-
fore, aimed to provide preliminary psychometric evidence on the internal consistency, 
reliability and score association between these two instruments, serving as a foundation 
for future validation and clinical implementation studies.

A growing body of evidence supports the integration of clinical pharmacists into 
multidisciplinary HF teams as an effective strategy to optimise pharmacotherapy, reduce 
hospital readmissions, and improve patient outcomes (7, 17, 18). Among various aspects of 
pharmaceutical care, assessment and management of medication adherence is one of the 
most extensively studied and important areas (7). This role is further strengthened when 
supported by validated, time-efficient adherence assessment tools, especially in an acute 
care setting where cognitive and logistical demands are high. In this context, identifying 
the most practical instrument for routine pharmacist-led adherence assessment is 
essential.

At the University Hospital Centre (UHC) Zagreb, integration of a clinical pharmacist 
into the cardiology department, initiated in 2022 as part of a pilot project to implement 
clinical pharmacy services within the UHC Zagreb, offered insight into adherence pat-
terns of hospitalised patients with HF. This initiative was prompted by the increasing 
complexity of pharmacotherapy in advanced HF patients and by growing international 
evidence supporting the role of the clinical pharmacist in multidisciplinary cardiac care 
teams. Through routine patient interviews, the pharmacist observed frequent signs of 
nonadherence, ranging from missed doses to misconceptions about medications. Many of 
those observations occurred among patients with advanced HF awaiting or supported by 
left ventricular assist device (LVAD) or heart transplantation. These direct clinical experi-
ences raised questions about how best to assess adherence in this group of patients.

To address this gap, the present study aimed to compare MARS-5 and MARS-10 
self-report questionnaires administered during clinical pharmacist-led interviews in hos-
pitalised HF patients. The primary aim was to compare the internal consistency and score 
association between the MARS-5 and MARS-10 questionnaires in hospitalised HF patients. 
As a secondary aim, four clinical cases were presented to illustrate the clinical relevance 
of adherence assessment in routine pharmacist-led practice. By identifying whether the 
shorter MARS-5 scale performs comparably to MARS-10 in this specific population, this 
study seeks to support evidence-based recommendations for routine adherence screening 
in pharmacist-led HF care.
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EXPERIMENTAL

Study design and patients
This prospective observational cross-sectional study was conducted between August 

and October of 2022, and enrolled patients ≥ 18 years of age with cardiovascular diseases, 
hospitalised in the Clinical unit of post-intensive care, heart failure and transplantation 
cardiology, Division of intensive cardiology care, arrhythmia, and transplantation cardio
logy, Department of Cardiovascular Diseases, University Hospital Centre Zagreb. In total, 
70 patients were included in the study. The sample size was determined based on the 
expected number of eligible hospitalised patients during the pre-defined three-month 
study period and the feasibility of conducting structured pharmacist-led interviews. 
Therefore, no formal sample size calculation was performed due to the exploratory nature 
of the study. Patients were recruited using a consecutive sampling approach, including all 
eligible hospitalised adults with a confirmed diagnosis of CVD who met the inclusion 
criteria and provided informed consent during the study period.

Data collection
Data sources included a structured interview with a clinical pharmacist and a review 

of available patients’ medical documentation collected through patient interview, hospital 
electronic health records and patient medical archives of the Division of intensive cardio
logy care, arrhythmia, and transplantation cardiology, Department of Cardiovascular 
Diseases, University Hospital Centre Zagreb. The structured pharmacist-patient interview 
gathered sociodemographic data (age, sex, hight, weight, body mass index, smoker’s sta-
tus, number of pack years); primary cardiovascular diagnosis (i.e. post-transplant status, 
LVAD implantation, HF, coronary heart disease, valvular disease…), the New York Heart 
Association (NYHA) functional status, ejection fraction (EF); comorbidities; diagnosis 
timeline (year of diagnosis and duration); clinical laboratory values; systolic and diastolic 
blood pressure; healthcare utilization due to cardiovascular disease worsening; details on 
pharmacotherapy. Additionally, during the interview, two medication adherence scales 
were used, MARS-5 and MARS-10. Both questionnaires were simultaneously admini
stered by a clinical pharmacist during structured face-to-face interviews with each parti
cipant. Clinical data collected through the interview were further completed and verified 
by the clinical pharmacist (study investigator) using the hospital electronic health records 
and archives to confirm accuracy of comorbidities, diagnostic procedures, laboratory 
results and pharmacotherapy details.

Ethics considerations
The study was approved by the Ethical Committee of the UHC Zagreb (8.1-22/232-2, 

02/013 AG), and all participants provided written informed consent prior to inclusion. 
Before the analysis data were coded and anonymised to ensure data confidentiality. 
Authors of the MARS-5 and MARS-10 scales were contacted to obtain written permission 
to use and translate the questionnaires. This study was conducted in accordance with all 
applicable guidelines for ethical research, including the principles outlined in the 
Declaration of Helsinki, the International Conference on Harmonisation (ICH) guidelines 
for Good Clinical Practice (GCP), the Health Care Act of the Republic of Croatia, and the 
Patients' Rights Act of the Republic of Croatia (19, 20).
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Questionnaire adaptation and scoring
The questionnaires were translated into Croatian following the Brislin forward-back-

ward translation model, performed independently by two bilingual researchers familiar 
with medical terminology. The translated versions were then back-translated to English to 
ensure semantic and conceptual equivalence. Minor linguistic adjustments were made to 
improve clarity and ease of use. No additional cognitive debriefing or expert panel review 
was conducted, as the study aimed to apply and compare the existing instruments rather 
than perform full cultural validation. The reliability of Croatian versions of the MARS-5 
and MARS-10 scales was evaluated by determining internal consistency (Cronbach’s 
alpha). This approach provided preliminary psychometric evidence regarding the compa-
rability of both scales in hospitalised HF patients.

The MARS-10 scale consists of ten “yes” or “no” statements, with each “no” being scored 
with a 1 and each “yes” with a 0. Scores range from 0 to 10, and higher scores indicating better 
adherence. Authors of the original scale suggest scores of 5 or less should be interpreted as 
“nonadherence” (21). MARS-5 scale, a shortened and adapted version of MARS-10, consists 
of five statements and five possible answers: “always” (scored as 1), “often” (scored as 2), 
“sometimes” (scored as 3), “rarely” (scored as 4), and “never” (scored as 5). Scores for each 
statement are summed to give a total score (ranging from 5 to 25), with higher scores indicat-
ing higher levels of adherence. Based on previous studies, as well as a generally accepted 
threshold, a cut-off score below 20 was considered indicative of nonadherence (16, 22).

For descriptive comparison, both instruments were dichotomised into adherent and 
nonadherent categories using the 80 % cut-off (MARS-5 < 20, MARS-10 < 8), whereas all 
statistical analyses were performed using continuous scores to retain variability.

While the MARS-5 questionnaire does not formally distinguish between intentional 
and unintentional nonadherence, individual items conceptually reflect these domains (e.g., 
forgetfulness or missing out the doses as unintentional, and dose alteration or discontinu
ation as intentional). As the study was conducted through pharmacist-led interviews, this 
interpretation was further informed by the pharmacist’s professional judgement and 
patient interaction during the interview. For the purposes of this study, total scores were 
used to represent overall adherence behaviour.

Clinical case presentations
The four clinical cases were purposively chosen to illustrate different medication 

adherence patterns and clinical presentations: unintentional nonadherence, intentional 
nonadherence, adherence, and discrepant MARS-5 and MARS-10 scores. For categories of 
nonadherence, two patients with the lowest scores were chosen, one for each type of non-
adherence. For the category of discrepant scores, the patient with the biggest difference in 
scores was presented. If more than one patient was found with identical scores within a 
category, the choice was made based on patient characteristics (to ensure similar patients 
were compared), clinical importance of pharmacist intervention, and availability of clini-
cal data needed for case presentation.

Outcome measures

The primary outcome measures were the psychometric parameters of the MARS-5 
and MARS-10 questionnaires, specifically internal consistency reliability (Cronbach’s 
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alpha) and score association between the two instruments (Pearson’s r for continuous mea-
surement, Cohen’s kappa for categorical classification).

The secondary outcomes included the descriptive presentations of four clinical cases 
to illustrate the clinical relevance of adherence assessment in routine pharmacist-led prac-
tice. These cases were not included in the statistical analyses, as their purpose was to 
qualitatively demonstrate different adherence patterns and the practical application of the 
study findings.

Statistical analysis

Descriptive statistics were conducted to describe the frequencies of patient character-
istics. The normality of the distribution of numerical variables was tested by the 
Kolmogorov-Smirnov test. Non-normally distributed numerical variables were presented 
as the median and interquartile range (IQR), and normally distributed numerical variables 
were presented as the mean and standard deviation (SD). Categorical variables were pre-
sented as percentages and the difference between groups was tested using the Chi-squared 
test, and in instances with less than 10 cases per cell Fisher-Freeman-Halton exact test was 
used. The Kruskal-Wallis test was used to test the differences between continuous varia-
bles with respect to adherence. To assess the strength and direction of correlation between 
MARS-5 and MARS-10 continuous scores, the Pearson correlation coefficient (r) was cal-
culated, and to evaluate the association between categorising patients as adherent and 
nonadherent based on MARS scores unweighted Cohen’s kappa was employed. A kappa 
value > 0.80 was considered a strong level of agreement between scales (23). Internal con-
sistency was determined via Cronbach’s alpha testing. The scales were considered reliable 
if Cronbach’s alpha was > 0.70 (24–26). Due to the nature of the study design, test-retest 
reliability could not have been assessed.

Statistical analyses were performed using IBM SPSS Statistics for Windows, Version 
29.0 (IBM Corp., USA), and p values < 0.05 were considered statistically significant.

RESULTS AND DISCUSSION

Participants’ characteristics

Of the 70 included patients, 80 % (56) were male, with a mean age of 59.20 ± 11.71 years 
(ranging from 21 to 85 years). The majority of patients (67.14 %) were characterised as 
overweight, based on the calculated body mass index (BMI) over 25, with a median BMI 
value of 27.60 kg m–2 (IQR 24.24–30.76). More than half were non-smokers (52.9 %), 28.6 % 
past smoker, and 18.6 % had an active smoking status. Details on patients’ characteristics 
can be found in Table I.

All patients were diagnosed with HF but were primarily treated for other cardiovascu-
lar diagnoses, which led to or progressed from HF. Primary cardiovascular diagnoses were 
categorised into five classes, according to leading diagnosis in hospital electronic health 
records: post-heart transplant (HTx) (24.3 % patients), post-LVAD implantation (8.6 %), HF 
(58.6 %), coronary artery disease (CAD) (5.7 %), and other (2.8 %). Slightly less than two-
thirds of patients (n = 43, 61.46 %) were identified as having HF with reduced ejection fraction 
(EF). Median duration of primary cardiovascular diagnosis was 4.5 years (IQR 1.04–8.75).
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On average, patients were taking 10.51 ± 3.40 medications (ranging from 4 to 18), and 
almost all were exposed to polypharmacy (97.14 %). When it comes to medication classifi-
cation, patients used a total of 111 different medicines from 12 different anatomical thera-
peutic chemical classification groups (ATC) (27). The three most represented medication 
groups included medication used for the cardiovascular system (36.94 %), alimentary tract 
and metabolism (12.61 %), and nervous system (10.81 %). Other details on the used phar-
macotherapy can be seen in Table II.

MARS-10 or MARS-5 to evaluate medication adherence?

Reliability analysis of the MARS-5 questionnaire, assessed via Cronbach’s alpha test-
ing, showed high internal consistency for the entire scale (α = 0.91; 95 % CI 0.877–0.941). 
Item-total correlations for MARS-5 were 0.79 for question 1, 0.759 for question 2, and 0.850, 

Table I. Participants' characteristics

Participants (n = 70)

Age (y), mean ± SD 59.20 (± 11.71)

Sex, n (%)
Female 14 (20.0)

Male 56 (80.0)

BMI (kg m–2), median (IQR) 27.60 (24.24–30.76)

Smoker’s status, n (%)

Nonsmoker 37 (52.9)

Active smoker 13 (18.6)

Past smoker 20 (28.6)

Pack years, median (IQR) 0 (0–21.88) years

Primary cardiovascular diagnosis, n (%)

HTx 17 (24.3)

Post LVAD implantation 6 (8.6)

HF 41 (58.6)

Coronary heart disease 4 (5.7)

Other 2 (2.9)

Duration of primary cardiovascular diagnosis 
(y), median (IQR) 4.5 (1.04–8.75)

Classification of HF based on EF, n (%)
HFpEF 27 (38.57 %)

HFrEF 43 (61.43 %)

Ejection fraction (%), median (IQR) 35 (22.25–55)

Comorbidities, median (IQR) 3 (2–4)

Medication, mean ± SD 10.51 ± 3.40 

Polypharmacya 97.14 %

BMI – body mass index, EF – ejection fraction, HF – heart failure, HFpEF – HF with preserved ejection fraction, 
HFrEF – HF with reduced ejection fraction, HTx – heart transplant, IQR – interquartile range, LVAD – left 
ventricular assist device, SD – standard deviation; a polypharmacy – concomitant use of 5 or more medicines
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0.853 and 0.695 for questions 3–5, respectively. The average inter-item correlation for the 
MARS-5 scale was 0.691. Similarly, internal consistency for the MARS-10 scale was consi
dered good with Cronbach’s alpha of 0.85 for the entire scale (95 % CI 0.809–0.892). Item-total 
correlations for MARS-10 ranged from 0.247 to 0.793, while the average inter-item correla-
tion was 0.345. There was no change in Cronbach’s alpha values if any of the items were 
dropped from either scale.

Table II. Medication use based on ATC classification

ATC groups Number of different 
medicines

Number of patients 
prescribed 

A Alimentary tract and metabolism 14 (12.61 %) 57 (81 %)

B Blood and blood-forming organs 10 (9 %) 57 (81 %)

C Cardiovascular system 41 (36.94 %) 70 (100 %)

G Genitourinary system and sex 
hormones 3 (2.7 %) 8 (11.43 %)

H Systemic hormonal preparations 3 (2.7 %) 22 (31.48 %)

J Anti-infectives 8 (7.2 %) 12 (17.14 %)

L Antineoplastic and immuno- 
modulating agents 6 (5.4 %) 19 (27.14 %)

M Musculoskeletal system 3 (2.7 %) 21 (30 %)

N Nervous system 12 (10.81 %) 19 (27.14 %)

R Respiratory system 9 (8.12 %) 10 (14.28 %)

S Sensory organs 1 (0.9 %) 1 (1.43 %)

V Various 1 (0.9 %) 1 (1.43 %)

ATC – Anatomical Therapeutic Chemical Classification

Fig. 1. Answers to the MARS-5 questionnaire.
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Both MARS-5 and MARS-10 classified comparable proportions of patients as adherent 
(58.57 % vs. 64.29 %, respectively), with no statistically significant difference in overall 
classification rates (χ²(1) = 1.50; p = 0.22).

Median score for MARS-5 was 21.50 (IQR 13– 25.00) with a range from 8 to 25. Out of 
41.43 % nonadherent patients, 65.62 % (n = 19/29) were identified as being intentionally 
nonadherent, and 34.48 % unintentionally nonadherent. Fig. 1. brings a detailed rep-
resentation of answers to each item from the MARS-5 questionnaire.

Median score for MARS-10 was 9 (IQR 6–10) with scores ranging from 1 to 10. Details 
on answers to specific items of the MARS-10 questionnaire can be seen in Fig. 2.

A systematic review of the HF population in the Middle East reported an average 
nonadherence rate of 60 % with rates measured with MARS-10 reaching 77 % in hospita
lised patients (28), a cross-sectional studies in Jordan found that 47 % to 92.5 % of outpa-
tients exhibited moderate to poor adherence (29, 30), research on the Swiss population of 
hospitalised HF patients marked a nonadherence rate of 26.4 % (31), while Ethiopian 
authors report a 17.7 % nonadherence rate for hospitalised chronic HF patients (32). 
Notably, adherence rates reported in the literature vary considerably, often reflecting dif-
ferences in study population, settings, and the measurement tool used to assess adherence 
(33). These data underscore the importance of using a targeted, real-world adherence 
assessment tool in the HF population to ensure easier comparison on one hand, and on the 
other, to accentuate the need for continuous assessment of medication nonadherence and 
employment of person-centred interventions to improve clinical outcomes (33).

Cohen’s kappa agreement analysis yielded a kappa value of 0.820 (95 % CI 0.683–0.957; 
p < 0.001), indicating strong agreement between the two measures when it comes to cate-

Fig. 2. Answers to the MARS-10 questionnaire.



566

M. Momčilović et al.: MARS-5 vs. MARS-10: Optimizing pharmacist-led adherence assessment in clinical heart failure practice, Acta Pharm. 
75 (2025) 557–575.

	

gorising patients as adherent or nonadherent with a cut-off point of 80 %. Observed per-
centage agreement was 97.56 % of cases for categorising patients as adherent on both 
scales, and 82.76 % for categorizing patients as nonadherent. In six cases, there was a dis-
crepancy in categorisation between the two MARS scales. In five instances, MARS-5 cate-
gorised patients as nonadherent and MARS-10 as adherent, and in one case, the opposite 
classification was found. Closer inspection of cases shows that the inconsistency in cate-
gorisation was made for patients near or on the cut-off point of 80 % on either of the scales 
(i.e. MARS-5 score of 72 % and MARS-10 score of 80 %). This suggests that special attention 
should be paid to patients with threshold or borderline adherence as they are at increased 
risk of crossing into nonadherence and potentially further worsening clinical outcomes 
(34–36). Similarly, continuous score correlation evaluation shows a very strong positive 
correlation between medication adherence assessed with MARS-5 and MARS-10 question-
naires, with Pearson’s correlation coefficient r = 0.899 (95 % CI 0.847–1.000; p < 0.001). A 
graphic presentation of this finding can be seen in Fig. 3. Observed positive correlations 
support the notion of their convergent validity and indicate that either version of the 
MARS questionnaire can be used to evaluate medication adherence behaviours in HF 
patients. For those with limited time, a shorter MARS-5 can be more appropriate, whereas 
those who wish to explore additional behavioural aspects of nonadherence, MARS-10 can 
be used. Specific reasons or contextual indicators for medication nonadherence can be 
clinically valuable and potentially shape further treatment options (37). Besides behavioural 
aspects, studies are highlighting the importance of exploring barriers and facilitators of 
medication adherence. Where MARS scales are not sufficient, there is a potential to use 
tools which show good correlation with MARS, such as ADHERE-7, and allow for a deeper 
investigation into reasons for nonadherence (38–40).

Clinical cases

Four clinical cases are presented descriptively to illustrate the clinical relevance of 
adherence assessment in routine pharmacist-led practice. These cases were not included 
in the statistical analyses, as their purpose was to qualitatively illustrate different adher-

Fig. 3. MARS-10 and MARS-5 correlation.
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ence patterns and the real-world applicabi
lity of the adherence assessment. A summary 
of the cases is provided in Table III.

In three cases (patients 1, 2 and 4), 
responses to MARS-5 were consistent with 
those obtained via MARS-10, supporting the 
adequacy of the shorter questionnaire in 
detecting both intentional and unintentional 
nonadherence. Patients classified as nonad-
herent exhibited serious adverse outcomes, 
including stent thrombosis and embolic 
stroke, which were documented in the con-
text of reported nonadherence and may have 
been exacerbated by suboptimal adherence 
behaviour. These events were anticipated or 
supported by physician documentation in 
discharge letters and follow-up notes, 
affirming the clinical relevance of adherence 
assessment.

For example, Case 1 illustrated that 
unintentional nonadherence in the immedi-
ate post-discharge period might be associ-
ated with adverse outcomes. The patient, 
recently hospitalised for acute myocardial 
infarction and treated with percutaneous 
coronary intervention, was initiated on dual 
antiplatelet therapy (DAPT) during hospita
lisation and discharged on a Friday with a 
discharge letter and prescribed medication, 
including DAPT. However, due to a lack of 
understanding regarding the urgency of 
continuing treatment, the patient chose to 
delay obtaining the prescribed therapy until 
the following Monday. Stent thrombosis was 
documented following this delay, represent-
ing a preventable complication that might 
have been avoided with earlier pharmacist 
intervention.

Case 2 illustrated a patient with a cere-
brovascular event due to embolisation from 
a left ventricular thrombus. Considering the 
patient’s low adherence to warfarin, this 
event was documented in the medical record 
as occurring in the context of suboptimal 
anticoagulation control. While causality 
could not be established, it is plausible that Ph
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inadequate adherence may have contributed to or exacerbated the risk of this adverse 
outcome.

Case 3 reveals a patient with conflicting MARS scores. This divergence in scores could 
be explained by misunderstanding and/or misinterpretation of questions, as well as dif-
ferences in scope of adherence behaviour explored by the scales. For instance, the patient 
gave contradictory answers to the question of forgetfulness, as well as to taking less medi
cation than instructed or changing the dose of medicine. From a clinical perspective, while 
major clinical outcomes possibly associated with nonadherence were not observed at the 
time of clinical visit, early detection of nonadherence is crucial to prevent further down-
turn/slip/decline/drop into nonadherent behaviour, which could lead to suboptimal ther-
apeutic effectiveness and increased risk of disease progression and poorer health out-
comes (35). This contrasting result may indicate that MARS-5 captured subtle aspects of 
nonadherence not reflected by MARS-10. However, this observation should be interpreted 
with caution, as differential sensitivity between the two instruments cannot be confirmed 
from a single case and requires further empirical validation.

In contrast, Case 4 presented an example of a patient with high adherence scores 
across both scales. The patient consistently followed the prescribed regimen, and no 
adverse outcomes documented alongside nonadherence were observed during hospitali-
sation or follow-up. This case supports the utility of both MARS questionnaires in distin-
guishing between adherent and nonadherent profiles and reinforces the suitability of 
MARS-5 for efficient routine screening.

Taken together, these case analyses illustrate the potential applicability of the MARS-5 
questionnaire as a practical tool for pharmacist-led adherence assessment in hospitalised 
HF patients. While not intended to establish definitive psychometric conclusions, the find-
ings suggest that MARS-5, despite containing fewer items, effectively identified relevant 
adherence issues in a manner comparable to MARS-10, without compromising clinical 
interpretability. Moreover, its brevity may support its routine use in pharmacist-patient 
consultations to recognise patients who could benefit from targeted interventions, such as 
enhanced education or closer follow-up, particularly in settings where time or cognitive 
demands limit the feasibility of longer instruments. Research supports a more proactive 
role of clinical pharmacists in the care of HF patients, where they can be a key stakeholder 
in ensuring optimised utilisation of HF medication, addressing nonadherence to guide-
line-directed medical therapy, and positively affecting patient outcomes (41, 42).

While these cases do not represent the full study population, they reinforce the 
importance of routine adherence screening in HF care and support the integration of 
MARS-5 as a practical solution in everyday clinical settings.

Strategic implications and recommendations

Routine use of adherence measures can help healthcare providers proactively identify 
patients at risk of poor adherence. Objective measures, such as medication serum or urine 
concentration, have been proven to be useful in monitoring and predicting adherence and 
clinical outcomes in HF patients (43, 44). Such tests are expensive, complex, and can lead 
to white coat adherence with patients improving medication-taking behaviour before hos-
pital visits, and do not reveal the context behind medication nonadherence. Where possi-
ble, subjective and objective medication adherence measurements should be combined. 
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MARS scales could be embedded into hospital electronic health records or systems and 
used during hospital or outpatient clinic admissions to capture changes in adherence levels, 
including easier correlation to clinical outcomes.

For easier interpretation of MARS scores, clinically relevant cut-off points need to be 
used. Whilst evidence indicates cut-off points of 80 % can reliably distinguish patients at 
higher risk for negative outcomes associated with poorer medication adherence, for HF, a 
cut-off point of 88 % offers a balance of specificity and sensitivity for predicting clinical 
outcomes (31, 45, 46). Distinct consideration needs to be given to patients with threshold 
results who exhibit intentional nonadherence characteristics, as well as those with con-
flicting scores or answers, for whom a more tailored approach might be necessary (47, 48).

Furthermore, special attention should be given to patients with risk factors of negative 
outcomes in HF, which could be associated with medication nonadherence and/or poly
pharmacy (49, 50). This study’s population was, in the majority, exposed to polypharmacy 
in percentages similar to other populations of HF patients (51). Even though a specific 
number of medicines or exposure to hyperpolypharmacy (concomitant use of 10 or more 
medicines) was not associated with lower scores on MARS scales for this population, 
healthcare providers should consider how non-HF-medicine polypharmacy affects adher-
ence to HF treatment and clinical outcomes (51, 52).

Additional studies should explore which patient-reported and patient-specific factors 
are predictive of nonadherent behaviour in HF, as well as which factors in those with 
increased risk are best targeted by pharmacist-led multidisciplinary interventions.

Limitations and strengths

This study has several limitations that should be acknowledged. First, its cross-sec-
tional design precludes assessment of adherence changes over time or test-retest reliability. 
The small sample size (n = 70) and single-centre setting may also limit generalizability. 
Second, adherence was measured using a self-reported questionnaire without an external 
criterion measure (e.g., pharmacy dispensing data or clinical outcomes), which introduces 
potential recall and social desirability bias. The administration of questionnaires through 
pharmacist-led interviews, although beneficial for clarifying patient responses, deviated 
from the scales' intended self-completion format and may have introduced additional social 
desirability bias. Furthermore, while the Brislin translation model was applied for linguistic 
adaptation, no cognitive debriefing or expert panel review was conducted; therefore, the 
Croatian versions cannot be considered fully culturally validated. Lack of cognitive debrief-
ing to assess item clarity and patients’ potential misinterpretation of certain questionnaire 
items could have additionally negatively contributed to the high Cronbach’s alpha value. 
Dichotomisation of continuous scores, though useful and often easier to apply for clinical 
classification, may have reduced measurement precision. A cut-off point of 80 % used for 
dichotomised categorisation could have led to potential misclassification bias, especially for 
patients with adherence near the threshold level. Future studies could explore whether vary
ing cut-off thresholds yield consistent categorisation, affect agreement levels between the 
two scales, and what clinical impact they might have. Regardless, the used cut-off point is 
widely accepted in research, including in patients with cardiovascular comorbidities (16, 22). 
Finally, purposive case selection means that the presented case analyses serve only illustra-
tive purposes and should not be interpreted as representative.
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Despite these limitations, the study has several important strengths. The dual 
approach in analysing both the association of continuous data with Pearson’s r and agree-
ment between dichotomised categories with Cohen’s kappa reduces potential interpreta-
tion bias and offers a more comprehensive assessment. It included a high-risk and clini-
cally complex population with advanced HF, including those with LVAD or post-transplant 
status, who are often underrepresented in adherence research (53, 54). The study was 
conducted in a real-world clinical environment, reflecting routine pharmacist-led care in 
hospitalised settings. To our knowledge, this is the first examination of MARS-5 and 
MARS-10 correspondence in Croatian HF patients, providing valuable preliminary 
insights to support future large-scale validation studies (55, 56).

CONCLUSIONS

This study provides preliminary evidence of high internal consistency and strong 
score association between the MARS-5 and MARS-10 questionnaires in hospitalised HF 
patients. The findings indicate that the shorter MARS-5 may serve as a practical and fea-
sible option for pharmacist-led adherence assessment in clinical settings. Presented cases 
illustrated the clinical relevance of adherence assessment in identifying patients with sub-
optimal medication-taking behaviours. These results support further investigations of 
MARS-5 in larger, multicentre studies to confirm its reliability and clinical applicability.

Ethical approval. – Ethical approval for this study was obtained from the Ethical Committee of 
the University Hospital Centre Zagreb. Participating subjects were free to decline participation at any 
time during the study. Data were collected and stored under specific codes with an assurance of 
anonymity and data confidentiality. All methods were carried out in accordance with relevant guide-
lines and regulations.

Consent to participate. – Informed consent on participation was obtained from all subjects before 
data collection.

Availability of data and materials. – The datasets used and/or analysed during the current study 
are available from the corresponding author upon reasonable request.

Conflict of interest. – The authors declare that the research was conducted in the absence of any 
commercial or financial relationships that could be viewed as a potential conflict of interest.

Funding. – This research received no specific grant from any funding agency in the public, com-
mercial, or not-for-profit sectors.

Authors contributions. – Conceptualisation, M.M.; methodology, M.M. and I.B.; formal analysis, 
I.B.; writing, original draft, M.M. and I.B.; writing, review and editing, B.S., M.O.H., P.T., and D.M.; 
supervision, B.S., M.O.H., and P.T.; resources, B.S. and D.M. All authors have read and agreed to the 
published version of the manuscript.

REFERENCES

	 1.	� World Health Organization, Adherence to long-term therapies: evidence for action (I.). Geneva: 
World Health Organization; https://iris.who.int/handle/10665/42682; last access date July 22, 2025.

	 2.	� S. T. Simon, V. Kini, A. E. Levy and P. M. Ho, Medication adherence in cardiovascular medicine, 
BMJ 374 (2021) Article ID n1493; https://doi.org/10.1136/bmj.n1493



572

M. Momčilović et al.: MARS-5 vs. MARS-10: Optimizing pharmacist-led adherence assessment in clinical heart failure practice, Acta Pharm. 
75 (2025) 557–575.

	

	 3.	� V. Giordano and L. Cardillo, The impact of ‘the medication non-adherence’ in patients with car-
diovascular disease: causes, outcomes, and interventions. Review of the literature, Eur. Heart J. 
Suppl. 23 (2021) Article ID 290 (1 page); https://doi.org/10.1093/eurheartj/suab143.002

	 4.	� Cardiovascular diseases (CVDs), World Health Organization, Fact Sheet, Cardiovascular diseases; 
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds); last access 
date July 14, 2025.

	 5.	� Q. Hou, Y. Zhao and Y. Wu, Medication adherence trajectories and clinical outcomes in patients 
with cardiovascular disease: A systematic review and meta-analysis, J. Glob. Health 15 (2025) 
Article ID 04145 (12 pages); https://doi.org/10.7189/jogh.15.04145

	 6.	� G. M. C. Rosano, P. Seferovic, G. Savarese, I. Spoletini, Y. Lopatin, F. Gustafsson, A. Bayes-Genis, 
T. Jaarsma, M. Abdelhamid, A. G. Miqueo, M. Piepoli, C. G. Tocchetti, A. D. Ristić, E. Jankowska, 
B. Moura, L. Hill, G. Filippatos, M. Metra, D. Milcic, T. Thum, O. Chioncel, T. Ben Gal, L. H. Lund, 
D. Farmakis, W. Mullens, S. Adamopoulos, M. Bohm, A. Norhammar, A. Bollmann, A. Banerjee, 
A. P. Maggioni, A. Voors, A. Cohen Solal and A. J. S. Coats, Impact analysis of heart failure across 
European countries: An ESC-HFA position paper, ESC Heart Fail. 9(5) (2022) 2767–2778; https://doi.
org/10.1002/ehf2.14076

	 7.	� E. Zavaleta-Monestel, S. Arguedas-Chacón, A. Quirós-Romero, J. M. Chaverri-Fernández, B. Ser-
rano-Arias, J. P. Díaz-Madriz, J. García-Montero and M. O. Speranza-Sanchez, Optimizing heart 
failure management: A review of the clinical pharmacist integration to the multidisciplinary 
health care team, Int. J. Heart Fail. 6(1) (2024) 1–10; https://doi.org/10.36628/ijhf.2023.0022

	 8.	� A. B. Tang, S. C. Lewsey, C. W. Yancy, P. A. Heidenreich, S. J. Greene, L. A. Allen, M. Jessup, M. 
Bolles, C. Rutan, N. Navar, K. Thomas and G. C. Fonarow, Get with the Guidelines-Heart Failure: 
Twenty years in review, lessons learned, and the road ahead, Circulation: Heart Fail. 18(10) (2025) 
e012936 (11 pages); https://doi.org/10.1161/circheartfailure.125.012936

	 9.	� T. A. McDonagh, M. Metra, M. Adamo, R. S. Gardner, A. Baumbach, M. Böhm, H. Burri, J. Butler, 
J. Čelutkienė, O. Chioncel, J. G. F. Cleland, A. J. S. Coats, M. G. Crespo-Leiro, D. Farmakis, M. Gi-
lard, S. Heymans, A. W. Hoes, T. Jaarsma, E. A. Jankowska, M. Lainscak, C. S. P. Lam, A. R. Lyon, 
J. J. V. McMurray, A. Mebazaa, R. Mindham, C. Muneretto, M. F. Piepoli, S. Price, G. M. C. Rosano, 
F. Ruschitzka and A. K. Skibelund, 2021 ESC Guidelines for the diagnosis and treatment of acute 
and chronic heart failure: Developed by the Task Force for the diagnosis and treatment of acute 
and chronic heart failure of the European Society of Cardiology (ESC) With the special contribu-
tion of the Heart Failure Association (HFA) of the ESC, Eur. Heart J. 42(36) (2021) 3599–3726; https://
doi.org/10.1093/eurheartj/ehab368

10.	� P. A. Heidenreich, B. Bozkurt, D. Aguilar, L. A. Allen, J. J. Byun, M. M. Colvin, A. Deswal, M. H. 
Drazner, S. M. Dunlay, L. R. Evers, J. C. Fang, S. E. Fedson, G. C. Fonarow, S. S. Hayek, A. F. Her-
nandez, P. Khazanie, M. M. Kittleson, C. S. Lee, M. S. Link, C. A. Milano, L. C. Nnacheta, A. T. 
Sandhu, L. W. Stevenson, O. Vardeny, A. R. Vest and C. W. Yancy, 2022 AHA/ACC/HFSA Guide-
line for the management of heart failure: A report of the American College of Cardiology/Ameri-
can Heart Association Joint Committee on Clinical Practice Guidelines, Circulation 145(18) (2022) 
e895–e1032; https://doi.org/10.1161/CIR.0000000000001063

11.	� R. Oosterom-Calo, A. J. van Ballegooijen, C. B. Terwee, S. J. te Velde, I. A. Brouwer, T. Jaarsma and 
J. Brug, Determinants of adherence to heart failure medication: A systematic literature review, 
Heart Fail. Rev. 18 (2013) 409–427; https://doi.org/10.1007/s10741-012-9321-3

12.	� A. A. Fitzgerald, J. D. Powers, P. M. Ho, T. M. Maddox, P. N. Peterson, L. A. Allen, F. A. Masoudi, 
D. J. Magid and E. P. Havranek, Impact of medication nonadherence on hospitalizations and 
mortality in heart failure, J. Card. Fail. 17(8) (2011) 664–669; https://doi.org/10.1016/j.card-
fail.2011.04.011

13.	� D. Shah, K. Simms, D. J. Barksdale and J.-R. Wu, Improving medication adherence of patients with 
chronic heart failure: Challenges and solutions, RRCC 6 (2015) 87–95; https://doi.org/10.2147/
RRCC.S50658



573

M. Momčilović et al.: MARS-5 vs. MARS-10: Optimizing pharmacist-led adherence assessment in clinical heart failure practice, Acta Pharm. 
75 (2025) 557–575.

	

14.	� F. J. Hafkamp, R. A. Tio, L. C. Otterspoor, T. de Greef, G. J. van Steenbergen, A. R. T. van de Ven, 
G. Smits, H. Post and D. van Veghel, Optimal effectiveness of heart failure management – an 
umbrella review of meta-analyses examining the effectiveness of interventions to reduce (re)
hospitalizations in heart failure, Heart Fail. Rev. 27(5) (2022) 1683–1748; https://doi.org/10.1007/
s10741-021-10212-8

15.	� T. M. Ruppar, P. S. Cooper, D. R. Mehr, J. M. Delgado and J. M. Dunbar-Jacob, Medication adher-
ence interventions improve heart failure mortality and readmission rates: Systematic review and 
meta-analysis of controlled trials, J. Am. Heart Assoc. 5(6) (2016) e002606 (18 pages); https://doi.
org/10.1161/JAHA.115.002606

16.	� A. H. Y. Chan, R. Horne, M. Hankins and C. Chisari, The Medication Adherence Report Scale: A 
measurement tool for eliciting patients’ reports of nonadherence, Br. J. Clin. Pharmacol. 86(7) (2020) 
1281–1288; https://doi.org/10.1111/bcp.14193

17.	� J. W. Cheng, Current perspectives on the role of the pharmacist in heart failure management, IPRP 
7 (2018) 1–11; https://doi.org/10.2147/IPRP.S137882

18.	� S. L. Anderson and J. C. Marrs, A Review of the role of the pharmacist in heart failure transition 
of care, Adv. Ther. 35(3) (2018) 311–323; https://doi.org/10.1007/s12325-018-0671-7

19.	� Zakon o zdravstvenoj zaštiti, Narodne Novine, Zakon o zdravstvenoj zaštiti; https://narodne-
novine.nn.hr/clanci/sluzbeni/2008_12_150_4097.html; last access date July 19, 2025.

20.	� Zakon o zaštiti prava pacijenata, Narodne Novine, Zakon o zaštiti prava pacijenata; https://
narodne-novine.nn.hr/clanci/sluzbeni/2004_12_169_2953.html; last access date July 19, 2025.

21.	� J. L. Cohen, D. M. Mann, J. P. Wisnivesky, R. Horne, H. Leventhal, T. J. Musumeci-Szabó and E. A. 
Halm, Assessing the validity of self-reported medication adherence among inner-city asthmatic 
adults: The Medication Adherence Report Scale for asthma, annals of allergy, Asthma Immunol. 
103(4) (2009) 325–331; https://doi.org/10.1016/S1081-1206(10)60532-7

22.	�P. C. Baumgartner, R. B. Haynes, K. E. Hersberger and I. Arnet, A systematic review of medication 
adherence thresholds dependent of clinical outcomes, Front. Pharmacol. 9 (2018) Article ID 1290 (10 
pages); https://doi.org/10.3389/fphar.2018.01290

23.	� M. L. McHugh, Interrater reliability: The kappa statistic, Biochem. Med. (Zagreb) 22 (2012) 276–282; 
https://pmc.ncbi.nlm.nih.gov/articles/PMC3900052/

24.	� K. S. Taber, The use of Cronbach’s alpha when developing and reporting research instruments in 
science education, Res. Sci. Educ. 48 (2018) 1273–1296; https://doi.org/10.1007/s11165-016-9602-2

25.	� C. G. Forero, Cronbach’s Alpha, in Encyclopedia of Quality of Life and Well-Being Research (Ed. A. C. 
Michalos) Springer, Dordrecht 2014, pp. 1357–1359.

26.	� M. Tavakol and R. Dennick, Making sense of Cronbach’s alpha, Int. J. Med. Educ. 2 (2011) 53–55; 
https://doi.org/10.5116/ijme.4dfb.8dfd

27.	� Anatomical Therapeutic Chemical Classification, WHO Collaborating Centre for Drug Statistics 
Methodology, Anatomical Therapeutic Chemical classification and Defined Daily Dose system; 
https://atcddd.fhi.no/atc_ddd_index; last access date July 17, 2025.

28.	� M. Alfaqeeh, R. Abdullah, N. Zakiyah, A. A. Suwantika, M. J. Postma, F. Rahmawati, A. W. Wida
yanti and B. Ibrahim, Medication adherence and contributing factors in patients with heart failure 
within the Middle East: A systematic review, Glob. Heart 20(1) (2025) Article ID 47 (19 pages); 
https://doi.org/10.5334/gh.1431

29.	� M. Jarrah, Y. Khader, O. Alkouri, A. Al-Bashaireh, F. Alhalaiqa, A. Al Marzouqi, O. A. Qaladi, A. 
Alharbi, Y. M. Alshahrani, A. S. Alqarni and A. Oweis, Medication adherence and its influencing 
factors among patients with heart failure: A cross-sectional study, Medicina 59(5) (2023) Article ID 
960 (11 pages); https://doi.org/10.3390/medicina59050960

30.	� A. S. Jarab, W. A. Al-Qerem, H. W. Hamam, K. H. Alzoubi, S. R. Abu Heshmeh, T. L. Mukattash 
and E. Alefishat, Medication adherence and its associated factors among outpatients with heart 
failure, Patient Prefer Adher. 17 (2023) 1209–1220; https://doi.org/10.2147/PPA.S410371



574

M. Momčilović et al.: MARS-5 vs. MARS-10: Optimizing pharmacist-led adherence assessment in clinical heart failure practice, Acta Pharm. 
75 (2025) 557–575.

	

31.	� M. Huber, A. K. Busch, I. Stalder-Ochsner, A. J. Flammer and G. Schmid-Mohler, Medication 
adherence in adults after hospitalization for heart failure: A cross-sectional study, Int. J. Cardiol. 
Cardiovasc. Risk Prev. 20 (2023) Article ID 200234 (7 pages); https://doi.org/10.1016/j.ijcrp.2023.200234

32.	� G. Y. Tarekegn, F. N. Dagnew, T. A. Moges, Z. A. Asmare, S. S. Tsega, D. G. Damtie, S. S. Anberbr, 
M. F. Semman and B. E. Bitew, Medication non-adherence and its predictors among chronic heart 
failure patients in Northwest Amhara region, Sci. Rep. 15(1) (2025) Article ID 19968 (13 pages); 
https://doi.org/10.1038/s41598-025-03748-4

33.	� A. J. Nelson, N. J. Pagidipati and H. B. Bosworth, Improving medication adherence in cardiovas-
cular disease, Nat. Rev. Cardiol. 21(6) (2024) 417–429; https://doi.org/10.1038/s41569-023-00972-1

34.	� U. Religioni, R. Barrios-Rodríguez, P. Requena, M. Borowska and J. Ostrowski, Enhancing therapy 
adherence: Impact on clinical outcomes, healthcare costs, and patient quality of life, Medicina 61(1) 
(2025) Article ID 153 (12 pages); https://doi.org/10.3390/medicina61010153

35.	� M. A. Parikh, S. Ramachandran, I. Nsiah, P. J. Campbell, M. Castora-Binkley, T. Karmakar, H. 
Black and J. P. Bentley, Estimating optimal thresholds for adherence to RASA medications among 
older adults with hypertension, JMCP 31(1) (2025) 25–32; https://doi.org/10.18553/jmcp.2025.31.1.25

36.	� S. C. E. Chapman and A. H. Y. Chan, Medication nonadherence – definition, measurement, preva
lence, and causes: Reflecting on the past 20 years and looking forwards, Front. Pharmacol. 16 (2025) 
Article ID 1465059 (10 pages); https://doi.org/10.3389/fphar.2025.1465059

37.	� H. Bjørnstad, C. Frigaard, P. Gulbrandsen, J. Gerwing, H. Schirmer and J. Menichetti, Contextual 
factors affecting adherence revealed by old patients with heart failure in hospital and primary 
care interactions: A descriptive study, Patient Prefer Adher. 19 (2025) 1075–1087; https://doi.
org/10.2147/PPA.S505297

38.	� I. Bužančić, M. Balen, D. Arbanas, S. Falamić, K. Fehir Šola, A. Galić Skoko, M. Momčilović, A. 
Orbanić, A. Tatarević and M. Ortner Hadžiabdić, Development and validation of a tool to explore 
attitudes towards medication adherence using a novel self-reported questionnaire (ADHERE-7), 
Pharmacy 12(4) (2024) Article ID 113 (15 pages); https://doi.org/10.3390/pharmacy12040113

39.	� K. Quaschning, M. Koerner and M. A. Wirtz, Analyzing the effects of barriers to and facilitators 
of medication adherence among patients with cardiometabolic diseases: A structural equation 
modeling approach, BMC Health Services Res. 22 (2022) 588 (14 pages); https://doi.org/10.1186/
s12913-022-07987-3

40.	� H. C. Oliveira, D. Hayashi, S. D. L. Carvalho, R. de C. L. de Barros, M. L. dos S. Neves, C. R. S. 
Andrechuk, N. M. C. Alexandre, P. A. B. Ribeiro and R. C. M. Rodrigues, Quality of measurement 
properties of medication adherence instruments in cardiovascular diseases and type 2 diabetes 
mellitus: a systematic review and meta-analysis, System. Rev. 12(1) (2023) Article ID 222 (24 pages); 
https://doi.org/10.1186/s13643-023-02340-z

41.	� G. Campbell, C. Doherty, A. D’Silva, G. Carr-White, J. Webb and T. F. Ismail, Implementation and 
evaluation of specialist heart failure pharmacist prescribing clinics, Int. J. Clin. Pharm. 47(1) (2025) 
8–14; https://doi.org/10.1007/s11096-024-01808-9

42.	�D. Attar, J. Lekura, J. S. Kalus, W. Al-Darzi, C. T. Williams and G. F. Grafton, Impact of a pharma-
cist-led heart failure clinic on guideline-directed medical therapy, J. Card. Fail. 26(10) (2020) Article 
ID S129 (1 page); https://doi.org/10.1016/j.cardfail.2020.09.371

43.	� P. Gupta, A. A. Voors, P. Patel, D. Lane, S. D. Anker, J. G. F. Cleland, K. Dickstein, G. Filippatos, C. 
C. Lang, D. J. van Veldhuisen, M. Metra, F. Zannad, N. J. Samani, D. J. L. Jones, I. B. Squire and L. 
L. Ng, Non-adherence to heart failure medications predicts clinical outcomes: Assessment in a 
single spot urine sample by liquid chromatography-tandem mass spectrometry (results of a pro-
spective multicentre study), Eur. J. Heart Fail. 23(7) (2021) 1182–1190; https://doi.org/10.1002/
ejhf.2160

44.	�L. Jelínek, J. Václavík, Z. Ramík, L. Pavlů, K. Benešová, J. Jarkovský, M. Lazárová, H. Janečková, J. 
Spurná and M. Táborský, directly measured adherence to treatment in chronic heart failure: 



575

M. Momčilović et al.: MARS-5 vs. MARS-10: Optimizing pharmacist-led adherence assessment in clinical heart failure practice, Acta Pharm. 
75 (2025) 557–575.

	

LEVEL-CHF Registry, Am. J. Med. Sci. 361(4) (2021) 491–498; https://doi.org/10.1016/j.am-
jms.2020.12.004

45.	� A. M. Andrews and C. L. Russell, Impact of a SystemCHANGETM Intervention on medication 
adherence in older adults with heart failure: A feasibility study, J. Gerontol. Nurs. 45(4) (2019) 15–19; 
https://doi.org/10.3928/00989134-20190212-01

46.	� J.-R. Wu, D. K. Moser, M. J. De Jong, M. K. Rayens, M. L. Chung, B. Riegel and T. A. Lennie, Defin-
ing an evidence-based cutpoint for medication adherence in heart failure, Am. Heart J. 157(2) 
(2009) 285–291; https://doi.org/10.1016/j.ahj.2008.10.001

47.	� T. Cornelius, C. I. Voils, J. L. Birk, E. K. Romero, D. E. Edmondson and I. M. Kronish, Identifying 
targets for cardiovascular medication adherence interventions through latent class analysis, 
Health Psychol. 37(11) (2018) 1006–1014; https://doi.org/10.1037/hea0000661

48.	� A. Kukulska and E. Garwacka-Czachor, Assessment of adherence to treatment recommendations 
among patients with heart failure: A cross-sectional study, BMC Cardiovasc. Disord. 24(1) (2024) 
Article ID 337 (10 pages); https://doi.org/10.1186/s12872-024-04001-y

49.	� M. Minamisawa, B. Claggett, K. Suzuki, S. M. Hegde, A. M. Shah, A. S. Desai, E. F. Lewis, S. J. 
Shah, N. K. Sweitzer, J. C. Fang, I. S. Anand, E. O’Meara, J.-L. Rouleau, B. Pitt, M. A. Pfeffer, S. D. 
Solomon and O. Vardeny, Association of hyper-polypharmacy with clinical outcomes in heart 
failure with preserved ejection fraction, Circulation: Heart Failure 14(11) (2021) e008293 (27 pages); 
https://doi.org/10.1161/CIRCHEARTFAILURE.120.008293

50.	� S. Scalvini, P. Bernocchi, S. Villa, A. M. Paganoni, M. T. La Rovere and M. Frigerio, Treatment 
prescription, adherence, and persistence after the first hospitalization for heart failure: A popu-
lation-based retrospective study on 100785 patients, Int. J. Cardiol. 330 (2021) 106–111; https://doi.
org/10.1016/j.ijcard.2021.02.016

51.	� J. Beezer, M. Al Hatrushi, A. Husband, A. Kurdi and P. Forsyth, Polypharmacy definition and 
prevalence in heart failure: A systematic review, Heart Fail. Rev. 27(2) (2022) 465–492; https://doi.
org/10.1007/s10741-021-10135-4

52.	� M. I.-M. Danjuma, A. A. Sukik, A. T. Aboughalia, M. Bidmos, Y. Ali, R. Chamseddine, A. Elzouki 
and O. Adegboye, In patients with chronic heart failure which polypharmacy pheno-groups are 
associated with adverse health outcomes? (Polypharmacy pheno-groups and heart failure out-
comes), Curr. Problems Cardiol. 49(5) (2024) Article ID 102194 (12 pages); https://doi.org/10.1016/j.
cpcardiol.2023.102194

53.	� S. M. Dunlay, V. L. Roger, J. M. Killian, S. A. Weston, P. J. Schulte, A. V. Subramaniam, S. B. 
Blecker and M. M. Redfield, Advanced heart failure epidemiology and outcomes, JACC: Heart Fail. 
9(10) (2021) 722–732; https://doi.org/10.1016/j.jchf.2021.05.009

54.	�A. A. Morris, P. Khazanie, M. H. Drazner, N. M. Albert, K. Breathett, L. B. Cooper, H. J. Eisen, P. 
O’Gara and S. D. Russell, on behalf of the American Heart Association Heart Failure and Trans-
plantation Committee of the Council on Clinical Cardiology; Council on Arteriosclerosis, Throm-
bosis and Vascular Biology; Council on Cardiovascular Radiology and Intervention; and Council 
on Hypertension, Guidance for timely and appropriate referral of patients with advanced heart 
failure: A scientific statement from the American Heart Association, Circulation 144(15) (2021) 
e238–e250; https://doi.org/10.1161/CIR.0000000000001016

55.	� O. Chioncel, J. Čelutkienė, J. Bělohlávek, G. Kamzola, M. Lainscak, B. Merkely, D. Miličić, J. 
Nessler, A. Ristić, L. Sawiełajc, I. Uchmanowicz, T. Uuetoa, E. Turgonyi, Y. Yotov and P. Poni-
kowski, Heart failure care in the Central and Eastern Europe and Baltic region: Status, barriers, 
and routes to improvement, ESC Heart Fail. 11 (2024) 1861–1874; https://doi.org/10.1002/ehf2.14687

56.	� V. Kralj and I. Grahovac, Epidemiology of cardiovascular diseases in Croatia, Cardiologia Croatica 
17(9–10) (2022) 333–333; https://doi.org/10.15836/ccar2022.333


