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Background: A lack of disease-specific knowledge in heart failure (HF) patients is associated with poor adherence to complex
medication regimens and non-pharmacological recommendations, especially among individuals with low health literacy. Existing
educational tools have been shown to be inadequate, highlighting the need for more accessible and effective alternatives.

Purpose: To develop an educational tool that improves HF knowledge in a more accessible and effective way.

Methods: An image-based educational tool was created by healthcare professionals and HF patients, drawing on the Health Belief
Model (HBM) and utilizing both qualitative and quantitative approaches. Project objectives were defined and content was guided by
a literature review and focus group interviews. The tool was refined through iterative optimization using feedback and questionnaires.
Results: Thirteen healthcare professionals and eight HF patients participated in the development and refinement of the educational
tool. The final tool consisted of seven A3-sized images and accompanying text, addressing the following topics: (1) Cognition of HF;
(2) Cause and classification of HF; (3) Inducing factors and prevention of HF; (4)-(5) Medication treatments of HF; (6) Exercise and
self-management of HF; (7) “We are on the same journey” - a supportive theme for HF patients. The final version of the tool
demonstrated high accuracy, readability, usability, and overall satisfaction, with all categories receiving scores of >4.5 on a 5-point
Likert scale.

Conclusion: The image-based educational tool, developed using HBM, effectively meets the needs of HF patients. It shows strong
performance in terms of accuracy, readability, usability, and satisfaction, which may ultimately help improve adherence to both
pharmacological treatments and non-pharmacological recommendations for HF management.

Keywords: patient education, image-based educational tool, patient engagement, heart failure, medication adherence, lifestyle
changes

Introduction

Heart failure (HF) is a serious world-wide chronic cardiac disease characterized by high morbidity, hospitalization, and
mortality, carrying a significant burden to families, the health system and society.'** Poor adherence to complex drug
regimens and non-pharmacological recommendations, such as lifestyle modifications, low-sodium diets, restricted fluid
intake, daily weighing, and regular exercise, is associated with a higher incidence of multimorbidity, intensive healthcare
and death.>* Evidence suggests that most HF patients adhere to less than two-thirds of their prescribed medications™°
and have low compliance with non-pharmacological guidelines, such as sodium restriction (43-70%),”* body weight

monitoring (8.4-60%),*° and fluid restriction (23-73%).'%!!
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Lack of disease-specific knowledge in HF patients has been shown to be associated with poor adherence to
medication and non-pharmacological treatments, particularly in individuals with low health literacy.'® Current educa-
tional interventions for HF patients include face-to-face communication,'® telephone follow-ups,'® printed materials such
as flyers and books,'> and computer-based video resources.'® These approaches have been shown to have limited success
in improving patients’ self-care behaviours. A meta-analysis found that the educational interventions helped to improve
medication adherence, but not self-care, in HF patients.'”

The current unsatisfactory education interventions for HF patients partly reflect the lack of suitable educational
tools.'? First, the complexity of HF treatment and self-care often renders medical instructions and educational materials
dense with specialized terminology, which can be challenging for patients to comprehend, even for those with well-
developed language skills.'® Especially for the poorly or uneducated, medical instructions and educational materials can
create a barrier to understanding and implementing treatment guidelines effectively. Second, healthcare professionals
frequently underestimate the emotional distress and anxiety experienced by HF patients, which undermines patients’
confidence and self-efficacy in managing their condition.'®!? Finally, the traditional one-way delivery of health
information limits patient engagement, reducing their ability to internalize and act on the guidance. Developing easy-
to-understand and interactive educational tools addresses these challenges and improving adherence among HF patients.
We develop such an easy-to-understand, interactive educational tool for HF patients.

Educational materials that incorporate visual aids can better communicate complex health information.”® A prominent
example is Healthy Interactions’ Diabetes Conversation Maps (CM), developed in collaboration with the International
Diabetes Federation.”'*> CM uses pictorial guides to convey health information, facilitating patients’ understanding of

2324 improving medication adherence,” promoting self-care,”® enhancing self-efficacy, and reducing disease-

diabetes,
related distress.”” Despite its success in diabetes education, the CM tool has not been widely applied to other diseases.

The integration of CM-style tools with theory-driven methods to design effective educational interventions remains
under explored. Behavioral change theories, such as the Health Belief Model (HBM), provide a framework for explaining
and predicting health behaviors.”® The HBM identifies six key constructs that influence health behaviors: perceived
susceptibility, perceived severity, perceived benefits, perceived barriers, cues to action, and self—efﬁcacy.29 By incorpor-
ating these constructs, our “image dialogue” HF educational tool was designed to address the specific beliefs and
motivators that drive HF patient behavior. Combining colorful, real-world visual representations with a narrative
framework to convey essential knowledge about medication and disease management, the ultimate goal of our HF
educational tool is to provide patients with a user-friendly resource that enables them to understand complex information

to improve their medication adherence and self-management capabilities.

Methods

Study Design

We adopted an exploratory mixed methods approach, conducted in two distinct phases. In the first phase, a qualitative
approach was used to identify the educational content based on the HBM. A preliminary sketch of the tool and
accompanying language was then developed. In the second phase, the tool was refined and optimized using
a combination of quantitative questionnaires and qualitative interviews.

Participants

In Phase 1, a focus group 1 “creative team” was assembled to advise on HF educational content. The creative team
consisted of 13 healthcare professionals and 2 HF patients. The healthcare professionals included: five cardiologists (one
chief physician, two deputy chief physicians, and two attending physicians; four from Aerospace Center Hospital and one
from a community health center), three cardiovascular nurses (one deputy chief nurse and two supervising nurses; all
from Aerospace Center Hospital) and five clinical pharmacists (one chief pharmacist, three deputy chief pharmacists, and
one supervising pharmacist; four from three different tertiary hospitals and one from a community health center). For
Phase 2, six additional HF patients joined the creative team to form focus group 2 to assist in refining the HF educational
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tool. An illustrator was also engaged to visually represent the ideas in the form of images. All participants completed
a brief demographic survey before participating in the study.

Theoretical Framework

HBM is used in a wide range of health-related actions, including adherence and compliance to medical treatments,
preventive and screening behaviors, self-management of chronic conditions, and health promotion and prevention of
diseases.® The basic elements and contents of HBM are shown in Table 1. HBM provides a comprehensive framework
for understanding the psychological factors that influence health-related behaviors and its application in health education
can contribute to the development of more effective interventions. Kam et al demonstrated that HBM-based health
education in hypertensive patients effectively improved blood pressure control and medication adherence®' and Saffari
et al showed HBM-based behavior modification program improved both lifestyle and clinical measures in patients with
coronary heart disease (CHD).>? In patients with chronic obstructive pulmonary disease (COPD), a nursing intervention
based on HBM increased patients’ health belief and self-efficacy in disease management, reduced dyspnoea, and
improved exercise tolerance and activity of daily living.>* Guided by HBM, Bordes et al created an educational website
on bone health that proved to be useful, helpful and able to raise awareness of bone health among prostate and breast

cancer survivors.>*

Research Procedure
Figure 1 shows Phase 1 involved developing the educational tool and Phase 2 improved the tool.

Development of Preliminary Image-Based Educational Tool

Literature Review

Using PubMed, Web of Science, China National Knowledge Infrastructure (CNKI), and Wanfang databases,
a comprehensive literature review was conducted on educational tools for HF patients, including the keywords “heart

failure”, “health education”, “patient compliance”, and “patient adherence”. Based on the literature review, the research
team derived the relevant HF guidelines, which were then reviewed and assessed for content development.

Focus Groups

Moderated by a pharmacist in the research team, the 15 participants in the focus group 1 creation team scoped the HF
educational content. Based on the literature review, the moderator summarized the key content of existing HF education
materials and introduced the advantages of our educational tool. The focus group participants then shared their required
HF educational content. Based on the HF literature review and HF participants’ needs, an open discussion identified the
main content and specific items for the HF educational tool. To ensure all voices were heard, the moderator encouraged
each participant to share their opinions, minimizing the influence of dominant participants. Participants received
a RMB50 gift for their involvement.

Table | The Basic Elements and Contents of HBM?’

Basic Elements Contents

A: Perceived susceptibility | Perception of the risk of contracting a condition

B: Perceived severity Perception of the seriousness of a personal vulnerability and its consequences eg, death, disability, injury, and pain

C: Perceived benefits Perception that engaging in recommended behaviors would bring benefits and would be efficacious

D: Perceived barriers Perception of the negative aspect of a particular recommended action, which acts as an impediment to undertaking
such action

E: Cues to actions Factors that prompted action

F: Self-efficacy Confidence in one’s ability to perform the recommended health behavior

Patient Preference and Adherence 2025:19 hetps: 2253



Gao et al

Phase 1

[mm—=mmmm—mm——m————s ( Literature Review )

Development of

I

I ]

1 I

i Preliminary Drafts | & J
]

Development of Drafts

Phase 2 J &
( Quantitative Questionnaire) (Qualitative Feedback>
(~TTTTTTTTTTTTTTTT T
i Improvement of |
i Educational Tool |
1

Final Version of Educational Tool

Figure | The process of developing image-based educational tool.

The discussion was conducted in Mandarin, audio-recorded, and transcribed verbatim, with the data anonymized. The
anonymized data were analyzed by 2 pharmacists from the team to finalize the content items two days after the
discussion.

Development of Drafts

Based on the research team draft, the focus group moderator drew a preliminary sketch of the educational tool and
a professional illustrator was then hired to refine the tool’s visual elements. Since misinterpretations can occur when
cultural background factors can influence individuals’ interpretation of the images, an accompanying language descrip-
tion, informed by the focus groups discussions, was also developed.®> The whole research team approved the initial HF
educational tool.

Improvement of the Image-Based HF Educational Tool

Focus group 2 comprised the original creative team focus group 1 team and six additional HF patients to evaluate the
initial HF educational tool. Each participant received a one-to-one explanation of the image-based educational tool from
a member of the research team.

Over three rounds of individual sessions, participants assessed the tool for accuracy, readability, usability, and overall
satisfaction using a five-point Likert scale, with higher scores indicating greater performance in each category.>® During
the one-to-one survey sessions, the clinical pharmacist interviewer also collected qualitative feedback on areas for
improvement.

All interviews were audio-recorded and transcribed verbatim. The research team analyzed both the quantitative scores
and qualitative feedback, identifying areas for refinement. Suggestions were conveyed to the illustrator for revisions, with
iterative rounds between the research team and the illustrator leading to the final version of the educational tool.

The educational tool comprises seven A3-sized images paired with explanatory text (eFigures 1-7 in Supplementary

material 1). It was designed to help HF patients better understand complex medication regimens and lifestyle modifica-
tions through the use of relatable imagery, vivid cartoons, a first-person narrative, and face-to-face communication.

Ethical Considerations

This study was approved by the Medical Ethics Committee of Aerospace Center Hospital (Approval No.2023(005)).
Written informed consent was obtained from all participants, including permission for publication of anonymized
responses and direct quotes.
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Data Analysis
Descriptive statistics were calculated using Microsoft word 2017 software. Two authors independently coded the
transcripts, resolving any discrepancies through discussion. Quantitative data were processed using SPSS 27 software,

with continuous variables expressed as means and standard deviations (X % s).

Results

Literature Review

A total of 244 English and 32 Chinese articles were reviewed, along with published HF guidelines from the American
College of Cardiology,”’” European Society of Cardiology,® the Chinese Society of Cardiology,*® and Chinese Society of
Rehabilitation Medicine.* Common themes across the educational content emerged, comprising disease cognition
(symptoms, classification, cause, and prevention of HF), medication treatments, and self-care practices (exercise, sodium

restriction, weight monitoring, fluid management and alcohol restriction).

Demographics of the Participants

Thirteen healthcare professionals and eight HF patients participated in the development and refinement of the educational
tool. The vast majority of healthcare professionals were between 30 and 50 years old (92.3%), with a bachelor degree or
higher (92.3%). In terms of work experience, the proportions of medical staff with more than 10 years was 38.5%; 46.2%
had 5-10 years’ experience and 15.4% had less than 5 years’ experience. The vast majority of patients were over 50 years
old (87.5%) and had a specialist degree or below (87.5%). Regarding the duration of HF, the proportions of patients with
more than 10 years was 25%; 37.5% had 5-10 years’ HF duration; and 37.5% had less than 5 years’ HF duration.
Detailed participant demographics are provided in Table 2.

Table 2 Demographic Characteristics of Participants

Variable Focus Group | Focus Group 2

Clinicians (N=5) Nurses (N=3) Pharmacists (N=5) Patients® (N=2) Patients® (N=6)

Gender (%)

Male 20.0% 0.0% 20.0% 50.0% 33.3%

Female 80.0% 100.0% 80.0% 50.0% 66.7%
Age (%)

3040 years 40.0% 33.3% 80.0% 0.0% 0.0%

40-50 years 60.0% 66.7% 0.0% 0.0% 16.7%

50-60 years 0.0% 0.0% 20.0% 50.0% 33.3%

60 years and above 0.0% 0.0% 0.0% 50.0% 50.0%
Affiliations (%)

Hospital 80.0% 100.0% 80.0% - -

Community 20.0% 0.0% 20.0% - -

Education (%)

High school diploma or below 0.0% 0.0% 0.0% 50.0% 50.0%
Specialist degree 0.0% 33.3% 0.0% 50.0% 33.3%
Bachelor degree 0.0% 66.7% 40.0% 0.0% 16.7%
Master degree and above 100.0% 0.0% 60.0% 0.0% 0.0%

Years of working (%)c/HF duration (%)d

5 years or below 20.0%¢ 0.0%¢ 20.0%¢ 50.0%° 33.3%¢
5 to 10 years 40.0%¢ 33.3%° 60.0%¢ 50.0%"° 33.3%¢
10 years and above 40.0%° 66.7%" 20.0%° 0.0%° 33.3%¢

Notes: *Patients involved in phases | and 2 of educational tool development; Patients involved in phase 2 of educational tool development; “Clinicians, nurses and
pharmacists; dPatients.
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Development of Core Educational Content for HF Patients

Based on the literature review and focus group 1 creative team discussions, the educational content was divided into three
categories and 20 subcategories. As shown in Table 3, the three categorized comprised cognition of HF: specifically
symptoms, grading, cause, trigger and prevention of HF; medication treatments of HF: specifically the pharmacological
effect, adverse reactions, and monitoring indicator of 8 types of drugs (eg, RASI, beta-blockers, diuretics, digoxin); and
HF exercise and management of HF: specifically exercise, fluid management, dietary guidance, lifestyle advice,
psychological support, and follow-up.

Development of Preliminary Image-Based Educational Tool
Based on HBM and focus group 1, a draft of an educational tool, presented in eFigures 8—13 in Supplementary material 1,

was developed, comprising six A3-sized colour images, covering (1) Cognition of HF; (2) Causes and classification of HF;
(3) Inducing factors and prevention of HF; (4) Medication treatments of HF; (5) Exercise and self-management of HF; (6)
“We are together” — a supportive message for HF patients.

Improvement of Image-Based Educational Tool

Quantitative Results from Questionnaires

Using focus group 2, three sections were selected for detailed critical analysis: cognition of HF, medication treatment of HF,
and self-care management. As shown in Table 4, in the first round of testing, scores ranged from 2.4+0.8 to 3.4+0.5, reflecting
suboptimal scores for accuracy, readability, usability, and satisfaction, especially in the medication treatment section. By the
third round, all categories scored >4.5 points, indicating high levels of accuracy, readability, usability, and satisfaction.

Qualitative Results from Interviews
Revisions were undertaken using focus group 2’s 26 qualitative comments, comprising 5 on recognition of HF, 13 on

drug treatment of HF and 8 on management of HF. eTable 1 in Supplementary material 1 shows detailed entries.

Table 3 Content of the Educational Tool

Categories Subcategories

A. Cognition of HF Al Symptoms of HF

A2 Classification of HF

A3 Cause of HF

A4 Factors inducing HF

A5 Prevention of HF

B. Medication treatments of HF Bl Renin angiotensin system (RAS) inhibitor
(Pharmacological effect, adverse reactions, and monitoring indicator of the medications) | B2 Beta blocker

B3 Aldosterone receptor antagonist
B4 SGLT-2 inhibitor

B5 Diuretic

B6 Digoxin

B7 Ivabradine

B8 Vericiguat

C. Management of HF CI Exercise

C2 Fluid management

C3 Dietary management

C4 HF monitoring

C5 Healthy lifestyle guidance

C6 Psychological guidance

C7 Follow up
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Table 4 Focus Group 2 Evaluation of the Educational Tool

Contents Healthcare Professionals (N=13) Patients (N=38)
Accuracy | Readability | Usability | Satisfaction | Readability | Usability | Satisfaction

Round |

Cognition of HF 3.1+0.6 3.2+0.6 3.2+0.6 3.240.6 2.9+0.8 3.0£0.5 3.1£0.6
Medication treatment of HF | 2.6+0.7 2.5+0.7 2.4+0.8 2.4+0.7 2.5¢0.5 2.9+0.6 3.0+£0.5
Self-care management of HF | 3.4+0.5 3.2+0.7 3.1+0.6 3.1£0.6 3.0£0.5 3.1+0.6 3.1+0.6
Round 2

Cognition of HF 3.810.6 4.0+0.6 42408 4.2+0.4 4.3+0.5 4.4+0.5 4.1+£0.4
Medication treatment of HF | 3.5+0.5 3.5+0.8 3.6£0.8 3.8+0.6 3.8+0.5 3.9+0.6 3.9+0.6
Self-care management of HF | 4.1£0.5 4.2+0.6 4.2+0.6 4.4+0.5 4.4+0.5 4.3%0.5 4.1£0.6
Round 3

Cognition of HF 4.7+0.5 4.8+0.4 4.8+0.4 4.8+0.4 4.6x0.5 4.6%0.5 4.8+0.5
Medication treatment of HF | 4.6+0.5 4.6+0.5 4.5+0.5 4.6+0.5 4.6+0.5 4.5+0.5 4.6+0.5
Self-care management of HF | 4.8+0.4 4.7+0.5 4.9+0.3 4.8+0.4 4.8+0.5 4.610.5 4.840.5

Development of Final Draft of the Educational Tool

Presented in eFigures 1-7 in Supplementary material 1, the final educational tool consisted of seven A3-sized images.
eFigure 1 compares the heart to a pump, illustrating its structure and function. This analogy helps patients grasp the
symptoms and underlying mechanisms of HF. eFigure 2 highlights various diseases that can lead to HF, emphasizing the

importance of managing primary conditions to prevent HF progression. eFigure 3 identifies common daily life factors
that can trigger HF episodes and provides corresponding preventive measures. eFigures 4 and 5 use simple, engaging
cartoons to explain the operation and benefits of eight key HF medications, aiming to strengthen patients’ intrinsic
motivation to adhere to treatment. Adverse effects and precautions associated with these medications are also clearly
outlined. eFigure 6 offers targeted guidance on self-care strategies, including effective exercise routines, fluid manage-
ment, and dietary recommendations tailored to HF patients. eFigure 7 likens the HF journey to a shared expedition,
portraying patients, healthcare professionals, family, and friends as allies working together to overcome challenges.

The following section provides a detailed examination of how the key elements of HBM are integrated into the design
of the educational tool.

A: Perceived Susceptibility

To provide patients a more comprehensive understanding of HF, perceived susceptibility in HBM, shown in Table 1,
theory section, was explained in eFigures 1-3. By using vivid language and images to contrast the characteristics of
a normal heart with a HF heart, the possible symptoms of HF, such as chest tightness, edema and fatigue, are depicted
and contrasted with normal behavior, involving exercise and sleep. The left hand side of eFigure 2 shows the causes of
HF, alerting potential HF patients to identify, prevent and manage HF. The left hand side of eFigure 3 shows factors such
as infections, excessive salt and fluid intake, and the arbitrary discontinuation of medication that trigger HF episodes in
daily life, so that HF patients take routine precautions which include getting vaccinated on time, adhering to a low-salt
diet, avoiding overexertion, and taking medication as prescribed (right hand side of eFigure 3).

B: Perceived Severity

The right hand side of eFigure 2 shows how HBM perceived severity in Table 1 can be depicted. The severity of HF is
progressive, increasing from stage I to stage IV. When HF is not actively managed, patients may become unable to
perform even the most basic daily activities, such as eating and sleeping.

C: Perceived Benefits

To prevent HF attacks, it is essential that patients perceive the benefits of regular exercise, taking medication, managing
low-salt diets, and adhering to fluid restrictions. eFigures 4-6 depict the HBM perceived benefits in Table 1. For
medication adherence, easy-to-understand cartoons are used to explain how medicines work and the long-term benefits of
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taking them in eFigures 4-6 shows that adherence to exercise improves HF patients’ quality of life. A low-sodium diet
reduces the risk of excess water in the body, which can prevent HF attacks. Keeping blood pressure and heart rate under
control, controlling body weight, quitting smoking and limiting alcohol, and maintaining a healthy lifestyle are shown to
control HF in eFigure 6.

D: Perceived Barriers

eFigure 6 shows how HBM perceived barriers in Table 1 can be depicted. Exercise adherence can be difficult for HF
patients, illustrating how starting with a few minutes can be gradually extended in duration. Various types of exercise,
such as walking, Tai Chi, baduanjin, dancing and cycling, are correlated with patients’ physical condition, and hobbies
are also shown. Adherence to daily record of fluid intake and output may be difficult for HF patients. eFigure 6 guides
HF patients to measure their weight on an empty stomach after urinating early in the morning to keep weight within their
target range.

E and F: Cues to Action and Self-Efficacy
eFigure 7 shows how HBM cues to action and self-efficacy in Table 1 are depicted. With the encouragement from
doctors, nurses and pharmacists, and support from family and friends, “We are on the Same Journey” addresses patients’
negative emotions, to improve their confidence in managing their disease.

The HF educational tool provides a clear path forward to attenuating HF: recognising symptoms, taking preventive
measures, eating a low-salt diet, taking medication and avoiding overexertion. While the educational tool was originally
designed for older people with poor comprehension and low health literacy, we also provided in Supplementary material 1

an accompanying language text developed by healthcare professionals.

Discussion

Based on HBM, the development of the image-based HF educational tool involved a collaboration between multi-
disciplinary healthcare professionals and HF patients. Through a combination of qualitative (focus group interviews and
feedback) and quantitative (questionnaires) methods, the educational tool visualises HF information, which can be
adapted for different populations, with different educational backgrounds, ethnicities and health literacy.

Our HF educational tool addresses two major hurdles: health-care providers do not have time or resources to deliver
HF education and the complexity of HF treatment and self-care makes it challenging for patients to fully comprehend the
information provided in routine doctor-patient interactions. To address these challenges, a pictorial series was chosen as
an effective, simple and practical intervention. Using images closely related to the lives of the elderly can markedly
increase attention and recall of health education information, especially for patients with low health literacy.'® Second,
the use of exaggerated images, such as cartoon formats, can assist in enhancing patients’ comprehension of medical
terminology.*' Third, the educational tool’s first-person narrative framework allows a close relationship between
professional HF information and patients’ understanding of HF.*?

Pictographic interventions need to be carefully developed and validated with both the targeted patient population and
the clinical experts.>> Our educational tool directly involved HF patients from different age, disease stage and education
level demographics and was continuously refined based on feedback from both healthcare professionals and HF patients.
Using HBM as the organizing context, the content of our HF educational tool is divided into three key sections: disease
knowledge, medication treatment, and self-care management. Each section posed challenges that were resolved through
professional health experts and HF patient collaboration.

Section |: Disease Knowledge

Knowledge plays an essential role in the promotion of self-care behaviours, especially for HF patients.'?> Many HF
patients, including those with a long history of HF disease, lack a comprehension of the disease and its associated
symptoms,'’ which is a major cause of high readmission rates.*’ Providing patients with an understanding the heart’s
structure and function can assist in the recognition of associated HF symptoms. When designing our educational tools,

CEINN3

the introduction of “enlarged heart”, “weaker pumping function”, “less blood returning to the heart”, and “more blood
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remaining in the periphery (such as the lungs, liver, and lower extremities)” helps patients to better understand the causes
and symptoms of shortness of breath, bloating, and lower extremity edema that occur during HF. The educational tool
was validated by our expert creative team. For example, Doctor A stated:

The tool effectively demonstrates the distinguishing characteristics between a normal heart and a failing heart through the
utilisation of images. When introducing knowledge about HF to patients, we inevitably use technical terminology which is more
accurate and familiar to us. However, this may not be readily comprehensible to patients. We are also considering whether we
can adopt a patient-friendly visual aids, such as images or simple heart models, with the objective of facilitating patient
comprehension of intricate disease-related information. However, this requires a lot of time and effort, and it is very difficult.

Section 2: Medication Treatment

Patient understanding of the exact usage and dosage of their medications is key to HF prevention and treatment.
A significant proportion of HF patients (87.5%) asserted that a comprehensive understanding of how their prescribed
medication works to combat their illness was a crucial factor in maintaining long-term adherence to treatment.** During
the interviews, some HF patients (n=3) revealed the reason they stopped taking their medication was their belief that the
medication prescribed by their doctor could not treat their disease. To combat HF drug misunderstandings, we expressed
how HF drugs worked and their long-term benefits in a slightly exaggerated comic format with narrative language. This
easy-to-understand and engaging approach promoted HF patients’ desire to take their medication and long-term
medication compliance. For example, Patient A stated:

This image-based tool, combined with your explanation, is extremely vivid. I have had HF for seven years, and this is the first
time anyone has explained the drug treatments clearly. I have always wanted to know how the medication I am taking treats HF.
The doctor told me to take spironolactone, so I googled it and found out that it is a diuretic. But I did not urinate much even
after taking it, so I stopped taking it. As a result, [ was hospitalized for congestive HF. After communicating with you, I realized

that the effect of spironolactone is not only diuresis, but also heart protection. I will never stop taking it!

An unexpected finding was that medical staff, especially nurses and non-cardiovascular pharmacists, in our creative
team also showed a keen interest in the way HF drugs worked. We found that some of the focus group 1 medical creative
team were unfamiliar with the latest developments in HF drugs, looking up the drug use instructions when faced with HF
patient questions. These slightly exaggerated cartoons also help healthcare professionals to better understand how HF
drugs work.

Section 3: Self-Care Management

Identifying barriers to self-care management in HF patients is a key attribute of our HF educational tool. For example,
patients are told to limit salt in their diet to no more than 6g per day, but do not know how to achieve this goal. eFigure 6
in our educational tool uses beer bottle caps, a common object in everyday life, to visually represent the amount of salt
needed per day. Similarly, eFigure 6 also shows that a simple method to limit daily fluid intake is to weigh yourself every
morning to keep your weight within the target range. Told to exercise moderately, HF patients frequently fail to adhere to
an exercise routine. Our educational tool in eFigure 6 illustrates with cartoon characters specific exercise routines with
practical and easy to follow instruction appropriate to HF patients’ physical condition. For example, Patient E stated:

I thought heart failure meant the heart couldn’t beat anymore, so I definitely assumed it was impossible to exercise! Through
this tool, I learned that exercise is still necessary for HF, which can improve heart function and enhance quality of life! And
there are many ways to exercise. My body is still relatively weak, so I will first practice Tai Chi and respiratory muscle exercises
at home, and then choose to walk or ride a bicycle when I am very well.

Simply distributing our HF educational tool directly to patients is not effective. First, our HF educational tool was
designed for the elderly. Considering the decline in their visual and comprehension abilities, we do not use too much
textual annotation, which inevitably affects the readability of the tool. Second, the extensive use of images can help
people understand difficult technical knowledge, but it may also increase ambiguity, as images are more open to
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subjective interpretation compared to text. To address this limitation, we designed a supporting language. Also, only
through interactive communication between medical staff and patients can we ensure that patients fully understand the
content of the HF educational tool in a timely manner.

There are several other limitations. A randomized controlled trial is underway to validate long-term effects of using
our educational tool in improving knowledge, medication adherence, non-pharmacological adherence, self-efficacy, and
quality of life for HF patients. Second, our HF educational tool requires face-to-face communication between pharma-
cists and patients, which may hinder its promotion to a wider range of HF populations. We are exploring how our
educational tool could be further optimized by developing a video format. Third, the current educational tool focuses
primarily on HF-specific medications and does not address the challenges of managing complex polypharmacy regimens.
Future research will aim to expand the tool to include comprehensive medication management for HF patients with
multiple comorbidities.

Conclusion

Based on the Health Belief Model, our image-based HF educational tool was rated as accurate, readable, usable, and high
satisfactory by HF patients and healthcare professionals. A randomized controlled trial (RCT) is being undertaken to
validate the long-term benefits of this intervention in improving knowledge, medication adherence, and quality of life for
HF patients.
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