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Abstract

Background Coronary artery disease is one of the leading causes of death and disability worldwide. Coronary
angiography is a diagnostic procedure used to detect atherosclerosis. Patients typically experience anxiety and stress
before and during the angiography procedure. Furthermore, self-care ability is crucial following angiography.

Aim This study aims to describe the design and evaluation of a mobile application focusing on stress, anxiety, and
self-care abilities in patients undergoing coronary angiography.

Method The researchers developed a mobile application for patients undergoing angiography. The application
provides information about angiography and tips for enhancing self-care following the procedure. An interventional
study was conducted on 70 patients admitted to the angiography ward in hospitals in Kerman, Iran, between 2022
and 2023.The participants were randomly divided into two groups: control and intervention. The interventional
group received the intervention application the night before angiography. Two groups completed the Anxiety

and Stress Questionnaire (DAS) and Kearney-Flescher Self-Care Survey before the intervention. The researchers

used questionnaires that had been prepared and previously utilized in other studies. The two groups completed
the anxiety and stress questionnaire within three to six hours and the self-care questionnaire one month after
angiography. SPSS 15 software was used for data analysis, with a significance level set at 0.05.

Results The study found that the majority of participants were women. Before the study, there was no significant
difference between the two groups in terms of anxiety, stress, and self-care scores. However, after the study, the
intervention group showed a significant decrease in average anxiety and stress scores (p <0.001). Additionally,
compared to the control group, the intervention group demonstrated significant improvement in average self-care
score (p<0.001).

Conclusion According to this study, AP can be effective in influencing the anxiety, stress levels, and self-care ability
of patients who undergo coronary angiography. It can help to reduce stress and anxiety while increasing self-care.
Instructive software is user-friendly, cost-effective, and can be recommended by nurses and doctors.
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Background

Cardiovascular diseases stand as a predominant global
health concern, accounting for a substantial portion of
both mortality and morbidity rates worldwide [1, 2].
With approximately one-third of global deaths attributed
to cardiovascular diseases, effective management strate-
gies are crucial [3].

The increase in cardiovascular diseases has resulted
in a rise in invasive diagnostic procedures, such as angi-
ography, which is performed more than a million times
annually in the US alone [4]. Patients with coronary
artery disease (CAD) often experience symptoms such as
chest pain that can spread to different parts of the body,
as well as breathing difficulties. Angiography is extremely
useful for diagnosing the root causes of these symptoms,
including issues related to CAD [5].

Research has highlighted the significant mental stress
and emotional disturbances that patients undergoing
coronary artery interventions, especially anxiety, experi-
ence. This anxiety significantly affects both the pre and
post-procedural phases [6, 7]. Studies have shown that
the level of stress and anxiety before coronary angiogra-
phy is higher than that before heart surgery [8].

Individuals undergoing coronary angiography often
find themselves in unfamiliar environments, with limited
knowledge about medical procedures, costs, and poten-
tial discomforts. This lack of understanding frequently
leads to heightened levels of stress and anxiety, affecting
over 80% of coronary angiography candidates [9]. It’s cru-
cial to address this anxiety to minimize its physiological
impacts on cardiovascular health and overall well-being
in clinical settings [4].

Despite global interventional studies on anxiety in
angiography patients, including research in Iran [10-12],
a thorough literature review reveals a diverse range of
studies in this domain. These studies delve into the mul-
tifaceted aspects of patient anxiety during the pre-, intra,
and post-angiography phases, shedding light on the psy-
chological challenges faced by individuals undergoing
such procedures.

In the context of cardiovascular care, addressing the
emotional needs of patients is paramount, as anxiety and
stress can significantly influence treatment adherence,
recovery outcomes, and overall quality of life. Despite the
wealth of research on anxiety in cardiovascular patients,
there remains a need for tailored interventions that focus
on holistic patient care, encompassing both physical and
emotional well-being.

Self-care is crucial in maintaining heart health, includ-
ing activities that promote physical and emotional
well-being. Effective self-care improves cardiovascular

outcomes and enhances quality of life and mental health
[13]. While angiography serves as a diagnostic tool, it is
believed that equipping patients with comprehensive
self-care education can enhance their overall well-being,
promote informed decision-making, and foster a sense
of empowerment in managing their health. The context
of managing cardiovascular patients, integrating new
technologies, particularly mobile applications, shows
promise in delivering health interventions and promot-
ing healthier behaviors, especially in secondary preven-
tion strategies [14, 15]. Research by Beatty et al. (2018)
has highlighted the effectiveness of mobile applications
in improving physical activity and cardiovascular health,
emphasizing their potential to enhance patient outcomes
[16].

Considering the significant levels of anxiety and stress
experienced by patients before and during angiography,
as well as the lack of support for self-care after the pro-
cedure, developing software solutions like interactive
mobile applications could effectively tackle these chal-
lenges. It is crucial to address these issu6y6tt88900es
by creating software solutions. Researchers in Iran con-
ducted a study to fill this gap, recognizing limitations
such as the shortage of nursing resources, time, and
funds for comprehensive patient education. The study
aimed to develop software that integrates scientific and
educational information in order to assess its impact
on anxiety, stress, and self-care abilities among patients
undergoing coronary angiography. The research question
addressed the significant importance and made a valu-
able contribution to the existing body of knowledge in
several ways.

Research Gap: Previous studies have overlooked the
specific context of patients undergoing coronary angi-
ography and their need for effective stress management,
anxiety reduction, and self-care support. This study aims
to address this gap by investigating the effectiveness of a
mobile app intervention in improving essential aspects
of patients’ well-being during the coronary angiography
process.

Clinical Relevance: Effective stress and anxiety manage-
ment, along with improved self-care practices, play a vital
role in the overall well-being and treatment outcomes of
patients undergoing coronary angiography. By exploring
the impact of a mobile app intervention on these vari-
ables, this research addresses a critical need for interven-
tions that can enhance patients’ experiences, promote
self-management, and potentially improve treatment
outcomes in this specific patient population.

Novelty and Innovation: The utilization of a mobile
app intervention in the context of coronary angiography
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shows a novel and innovative approach. By incorporat-
ing digital health interventions, this study contributes
to the expanding field of mobile health applications and
their potential to revolutionize patient care. The focus on
stress, anxiety, and self-management in patients under-
going coronary angiography adds unique value to the
existing body of knowledge as it targets a specific and
understudied patient population.

Methodological Advancement: This study employs rig-
orous quantitative methods, including surveys and statis-
tical analyses, to evaluate the effectiveness of the mobile
app intervention. By utilizing these robust research
designs, the study aims to establish causal relationships
and generate reliable evidence regarding the impact of
the app on stress, anxiety, and self-management out-
comes. This methodological advancement contributes to
the existing literature by providing a robust foundation
for evidence-based conclusions.

Practical Implications: The findings of this study have
practical implications for healthcare professionals, poli-
cymakers, and developers of mobile health applications.
The results can inform healthcare providers about the
benefits of incorporating mobile app interventions into
the care of patients undergoing coronary angiography.
This can ultimately lead to improved patient outcomes
and enhanced self-management practices. The potential
for reducing stress and anxiety levels and promoting self-
care behaviors can significantly impact patient well-being
and contribute to more efficient healthcare resource
utilization.

Methodology

Research philosophy The research philosophy adopted
in this study was positivism. In the study, adopting a
positivist research philosophy enables the researchers
to objectively measure the impact of the mobile app on
stress, anxiety, and self-care ability in patients undergoing
coronary angiography.

Research approach The research approach employed in
this study was quantitative, involving the collection and
analysis of numerical data. This approach allows objec-
tive and statistical analysis to draw valid and reliable
conclusions.

Study design

This interventional study, conducted in Iran from 2022
to 2023, consisted of two phases: the development of a
mobile app and the evaluation of its effectiveness.

Designing the mobile app

The mobile App was carefully designed to meet the edu-
cational requirements of patients undergoing angiogra-
phy. The app was created in Persian for Android mobile
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devices, taking into account their popularity in Iran. The
initial stages of the app design process involved:

Literature research A comprehensive literature review
was conducted to identify relevant educational topics for
patients. Scientific articles and books published between
2013-2023 were scrutinized using keywords such as angi-
ography,” “anxiety,” “stress,” “self-care,” “nurses,” “patients,’
“application,” “care,” and “diet “ [17-20].

The education content validation process involved the
following steps:

Validation participants The educational content was
reviewed by a panel of experts consisting of 10 nurses and
2 physicians who specialize in cardiology. They also have
academic backgrounds.

Validation method The content was thoroughly evalu-
ated for accuracy, relevance, and comprehensiveness to
ensure that it aligns with current scientific knowledge and
best practices in patient care.

After confirming that the topics were suitable, the mobile
App was developed. The app can be installed on mobile
phones and used offline or online.

Application content
The app has 13 sections that patients can access by click-
ing on each one. The sections are:

What is Angiography?

What is Angioplasty?

Complications of Angiography.

Work and Activity.

Travel.

Precautions before Angiography.

Procedures during Angiography.

Care after Angiography.

Diet.

Stress and Anxiety Management.

Healthy Lifestyle.

Emergency Visit.

Contact with a Nurse (Figs. 1 and 2).

These sections were meticulously designed to address
various aspects of the patient journey, providing compre-
hensive support and guidance throughout and after the
angiography process.

Interactive features such as quizzes, interactive dia-
grams, and self-assessment tools were incorporated to
engage users and enhance learning outcomes. Multime-
dia elements such as pictures and audio clips were inte-
grated into the app to enrich the learning experience.
These elements help reinforce key concepts related to
angiography and self-care practices.
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Hello
Welcome
to
Angiography

Fig. 1 The first page
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Cardiovascular

Complications of
angiography

What is angiography?

What is angioplasty? Work and activity

Precautions before
angiography

Procedures during
angiography

Care after

Stress and anxiety
angiography

management

Health lifestyle Emergency visit

Contact with a nurse

Fig. 2 Searching for medicinal information about Angiography. To search for and access medicinal information just click on each Item
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Software development life cycle

The researchers followed a systematic Software Develop-
ment Life Cycle (SDLC) approach to develop and design
the mobile application. In the first phase, requirements
were gathered from literature, healthcare professionals,
patients, and experts in the field. The researchers ensured
that the application addressed the unique requirements
of patients undergoing coronary angiography.

The second phase was the design phase. During this
phase, the researchers and development team created
wireframes and mock-ups to visualize the user interface
and functionalities of the application. They collaborated
with healthcare professionals to ensure that the applica-
tion has sufficient usability and effectiveness in the clini-
cal setting.

The third phase involved the actual implementation of
the application. This phase includes coding, testing, and
iterative refinement. The researchers conducted rigor-
ous testing procedures to identify and resolve any bugs or
usability issues.

Validation and evaluation

A comprehensive validation process was undertaken to
ensure the accuracy and reliability of the mobile applica-
tion. The application underwent extensive tests, includ-
ing functionality, usability, and compatibility testing
across various devices and operating systems. They col-
lected feedback from a group of patients and healthcare
professionals to assess the user experience and identify
areas for improvement.

Evaluating the app

Study Design: The interventional study design was cho-
sen to evaluate the efficacy of the mobile application
and its impact on stress, anxiety, and self-care ability in
patients undergoing coronary angiography. This design
allows for a systematic evaluation of the application’s
effectiveness by comparing the outcomes of the interven-
tion group with those of the control group.

By implementing an interventional study design,
researchers can assess the causal relationship between
the benefits of the mobile app and the observed changes
in stress, anxiety, and self-care abilities. This design
enables researchers to determine whether the mobile app
intervention affects these variables, providing valuable
insights into its effectiveness in supporting patient well-
being and self-care abilities. The study was conducted
from 2022 to 2023 for 11 months.

Study setting

This study was conducted in Kerman, Iran. It is the larg-
est province in the country. There are two hospitals
affiliated with Kerman Medical University that offer
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angiography services. Most patients who require angiog-
raphy are referred to these hospitals.

Study population: The sample size consisted of 70
patients with a confidence level of 95% and a power of
80%. Inclusion criteria included patients aged between 18
and 70 years old (this age range is relevant to the target
population undergoing coronary angiography), proficient
in the Persian language, owning a smartphone with the
ability to operate it, and not diagnosed with nervous or
mental disorders based on self-reporting.

The exclusion criteria encompassed patients with
chronic diseases, and mental illnesses, individuals who
encountered severe cardiovascular complications during
angiography like myocardial infarction, those with per-
sistent smartphone malfunctions or utilizing an Apple
phone, as well as participants who voluntarily withdrew
from the study or deceased during the research.

First, the patients were randomly selected using a
checklist that was based on the inclusion and exclu-
sion criteria. The selected patients were informed of the
study’s objectives. After obtaining informed consent, par-
ticipants were randomly assigned to two groups: control
and intervention. The total number of patients selected
based on the sample size formula was 70, with 35 in the
control group and 35 in the intervention group.

Intervention procedures

After obtaining the ethics code from the Kerman Uni-
versity of Medical Sciences, the researchers visited the
heart hospitals affiliated with Kerman Medical Sciences.
Patients who were deemed eligible for angiography by the
cardiologist were randomly assigned to two control and
intervention groups. During individual interviews, the
researcher explained the study’s purpose and question-
naire completion to each participant separately.

Two questionnaires were used to collect data. These
tools were carefully chosen to capture relevant informa-
tion about stress, anxiety, and self-care abilities.

The participants read and signed the written consent
form. After that, they completed the questionnaires.
These questionnaires already existed and were used in
various studies [16—19].

The researchers installed the app on the smartphones
of the patients in the intervention group and explained
its functionality to them and their family members. The
patients in the control group only received standard
training. The standard training included educational
materials and sessions on stress management, anxiety
reduction techniques, and self-care practices. The key
distinction between the intervention and control groups
lies in the utilization of the mobile app.

The patients in the two groups completed the anxiety
and stress questionnaire (DAS) and the self-care ques-
tionnaire, the “Kearney Fleischer Inventory,” before the
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intervention. The DAS questionnaire was completed
again three hours after the angiography, and the self-
care questionnaire was completed one month after the
angiography.

Study assessments and measures

Depression anxiety stress scales - DASS 21

Depression Anxiety Stress Scales, first introduced by
Lovibond in 1983, can identify and assess symptoms of
anxiety, stress, and depression experienced in the past
week [21]. The scale was used in some studies [22-24].
This questionnaire contains 21 multiple-choice questions
that are completed through self-assessment. Answers
vary from “Never” to “Always”” Zero (0) is assigned to the
“Never” option, one [1] is assigned to the “a little” option,
two [2] is assigned to the “Sometimes” option, and three
[3] is assigned to the “always” option. The anxiety scale
comprises 7 questions [2, 4, 7, 9, 15, 19, 20], while the
stress scale consists of 7 questions [1, 6, 8, 11, 12, 14, 18,
25]. The scores for each scale are calculated by summing
the responses to the respective questions and then multi-
plying the total by two. The total score of the scale ranges
between 0 and 42 for each dimension separately (depres-
sion, anxiety, and stress) [26]. For the anxiety subscale, a
score of 0 to 7 indicates normal anxiety, a score of 8-9
indicates mild anxiety, a score of 10-14 indicates mod-
erate anxiety, a score of 15 to 19 indicates severe anxi-
ety and any score greater than 20 specifies very severe
anxiety.

For the stress subscale, a score of 0 to 14 indicates nor-
mal stress intensity, a score of 15 to 18 indicates mild
stress intensity, a score of 19 to 25 indicates moderate
stress intensity, a score of 26 to 33 indicates severe stress
intensity, and any score over 33 indicates very intense
stress [27].

According to the study by Marijanovi¢ et al. (2021), the
validity and reliability of the scale have been confirmed,
making it suitable for assessing anxiety, depression, and
stress [27].

Depression data was excluded from this study.
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Self-care agency scale

The Self-Care Agency Scale was designed by Kearney
and Fleischer (1979) [28]. The scale is reliable and valid
for use with heart patients. The scale is reliable and valid
for use with heart patients. The scale consists of 64 ques-
tions, with 21 items designed to assess self-care ability
and 43 items focused on practicing self-care behaviors.
The answer to each question is based on a 5-point Lik-
ert scale ranging from “always applies to me” (5 points) to
“does not apply to me at all” (1 point). The highest score
is 320, and the lowest score is 64. The highest score indi-
cates the highest level of self-care [29, 30].

The validity and reliability of the scale have been estab-
lished in various studies, including those conducted in
Turkey and Iran [31, 32]. Abas et al. (2020) reported the
efficacy of this instrument for the Iranian community
[30].

Data analysis
SPSS 15 was used to analyze the data. Frequencies
were used to describe the results. The Kolmogorov-
Smirnov test was used to assess the normality of the data
distribution.

To analyze the gathered information, one of the statisti-
cal tests used was the t-test, which enabled a comparison
of mean scores between the intervention group and the
control group. Furthermore, repeated measures analyses
were conducted to examine changes in stress, anxiety,
and self-care over time within each group. A significance
level of 0.05 was considered.

Results

Seventy cardiac patients referred for angiography were
examined in this study. The mean age of the participants
was 53.318.17 years. The majority of the participants
were female.

Demographic information is presented in Table 1. The
results showed that the two groups did not have statis-
tically significant differences in terms of demographic
characteristics (p>0.05).

Table 1 Distribution of demographic variables of the studied patients separately from the control and intervention groups

Intervention Group Control Group Pvalue
(n=35) (n=35)
% N % N
sex Female 42/9 15 57/1 20 0.75*
male 57/1 20 42/9 15
Marital Single 0 0 5/7 2 0.246**
status Married 100 35 94/3 33
Education Diploma & Higher 76/5 36 88/2 30 0.17%*
Under Diploma 23/5 8 11/4 4

*=Chi-squared test
**= Fisher’s exact test
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The results of Table 2 indicate that the mean anxiety
scores in the patients in the intervention group before
the intervention were 22.12+8.32, which decreased to
18.821+9.41 after the intervention. The average stress
scores in the patients in the intervention group before
the intervention were 32.38+6.39 and decreased to
24.86+5.22 after the intervention (Table 2).

Furthermore, the average self-care score in the patients
in the intervention group before the intervention was
15.39£175.63, which increased to 18.92+188.54 after the
intervention.

Discussion

The current study was focused on creating and assessing
a mobile application that could help patients undergo-
ing coronary angiography manage their stress and anxi-
ety levels better and improve their ability to take care
of themselves. The research results showed a notable
decrease in anxiety and stress levels among patients using
the mobile application, as well as an enhancement in
their self-care ability.

To contextualize our findings, it is essential to compare
them with relevant previous studies. While our research
did not find specific studies demonstrating the impact
of mobile applications on anxiety levels in this context,
existing literature has shown the effectiveness of various
interventions in reducing anxiety levels among patients
undergoing medical procedures. For example, Gokee et
al. (2019) and Hu et al. (2020) highlighted the effective-
ness of educational interventions in reducing anxiety lev-
els [33, 34].

In the present study, the mobile application effectively
reduced stress levels in the intervention group. This high-
lights the novel contribution of this work, as it is the first
study in Iran to develop a mobile application and evalu-
ate its impact on stress, anxiety levels, and self-care abili-
ties in patients undergoing angiography. By addressing
the research gap, our study adds to the existing body of
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knowledge and underscores the potential of mobile app
interventions in managing anxiety and stress.

Moreover, our findings are consistent with previ-
ous studies that have demonstrated high-stress levels
among patients undergoing angiography [35-37]. The
success of the mobile application in reducing stress lev-
els indicates that digital interventions can have a positive
impact on stress management in these patient popula-
tions. Research by Khademian et al. (2021) demonstrated
that digital interventions, including mobile applications
and online platforms, were effective in reducing stress
and anxiety levels [38]. Similarly, a study by Kawadler et
al. (2020) highlighted the benefits of smartphone-based
interventions in improving psychological well-being
and reducing stress among healthy people [39]. More-
over, a meta-analysis by Paaliméki-Paakki et al. (2022)
found that digital interventions, such as mobile apps and
telemedicine services, were associated with significant
reductions in stress levels among patients with chronic
conditions [40]. The utilization of digital tools not only
provides convenient access to support and resources but
also empowers patients to actively manage their psycho-
logical health. Our study contributes to this body of evi-
dence by demonstrating the positive impact of a mobile
application tailored for patients undergoing angiogra-
phy, reinforcing the potential of digital interventions in
enhancing stress management strategies in healthcare
settings.

In terms of self-care, the current study demonstrated
that utilizing the mobile application enhanced patients’
self-care capabilities. This finding is consistent with pre-
vious studies that emphasized the importance of patient
participation in treatment and self-care [41]. By provid-
ing necessary information, instructions, and adaptation
methods, patients can enhance their self-care ability,
leading to improved outcomes and reduced anxiety and
stress levels. The present study contributes to this body
of knowledge by demonstrating the effectiveness of a

Table 2 Comparison of the mean scores of anxiety, stress and self-care before and after the intervention

Variable Intervention Group Control Group Pvalue
(n=35) (n=35)
Mean+SD Mean+SD
anxiety score Pretest 2212+832 21.76+£794 0672
Post-test 18.82+9.41 2412+527 0.0001*
Pvalue 0.00071** 0.9%*
stress score Pretest 32.38+6.39 33.00£4.95 0471*
Post-test 24.86+522 31.90+538 0.001*
Pvalue 0.00071** 0.07**
self-care score Pretest 1539+175.63 18.13+164.74 0/07*
Post-test 18.92+188.54 18.18+167.82 0.001**
Pvalue 0.0007** 0.1%*

*=independent t test

**= paired t test
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mobile app intervention specifically designed for patients
undergoing angiography.

One distinguishing factor of the present study is the
development of a Persian language app customized for
Iranian patients. Most existing apps for patients are in
English, which creates a barrier for the majority of Ira-
nian patients who are unable to use English apps. By
providing a user-friendly app in Persian, the researchers
addressed this gap and ensured that the intervention was
accessible and applicable to the target population.

Conclusion

In conclusion, the mobile application designed for
patients undergoing angiography proved effective in
managing stress and anxiety levels while enhancing self-
care abilities. The development of a Persian app tailored
for Iranian patients addresses a critical need in the field.
Healthcare professionals, particularly nurses, are encour-
aged to integrate this application into their practice to
support patients in managing anxiety and stress and
improving their self-efficacy.

The availability of this application, both online and
offline, can create a supportive environment for patients
undergoing angiography, ultimately enhancing their
overall well-being.
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