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ABSTRACT

Background: An important global public health problem in many economically developed 

countries, in particular in Kazakhstan, is the leading cause of morbidity and mortality 

from cardiovascular disease (CVD), both in urban and rural areas. Objective: This study 

aims to develop the design of a mobile application for smartphones for cardiac patients, 

taking into account the specifics of outpatient care. Methods: This methodological study 

includes identified educational and prevention content for CVD patients to develop an 

education and monitoring tool using a smartphone app. The application was developed 

according to the stages of analysis, design, development, implementation and evalua-

tion, which is a systematic training model of design. The levels of satisfaction with the 

developed application for smartphones among 65 outpatients with CVD were assessed 

using a questionnaire during their visit to a medical organization. Results: The «My 

Heart» smartphone app was developed based on a review of the literature related to 

educating patients with CVD, consulting specialists, monitoring and searching for med-

ical smartphone applications that are already available. The content of education and 

registration includes three main sections, containing basic questions on registration and 

monitoring of the condition, materials on education and prevention of CVD, such as a daily 

questionnaire and nutritional advice. After modification based on expert feedback, the 

application was finally developed and evaluated by patients who reported being satisfied 

with the usefulness of the application. Conclusions: This application is developed as a 

research tool to further conduct a study in CVD patients. Current evaluation was a pilot 

testing wherein this application showed promising results.

Keywords: Mobile Applications, Ambulatory Care, Cardiovascular Diseases, Pa-

tients, Chronic Disease.

1. 1. BACKGROUND
Cardiovascular disease (CVD) con-

tinues to be the leading cause of death 
and disability worldwide, as well as 
leading in socioeconomic damage (1). 
Practically, all health systems regularly 
adopt special research and social pro-
grams aimed at combating CVDs and 
develop various innovative platforms 
for CVD prevention during a pan-
demic (2). There is research that could 
provide evidence for the use of mobile 
phones and web services for mentoring 
and self-management in a home care 
model aimed at sustainable behavioral 
change in cardiac rehabilitation (CR) 
patients (3, 4). The ever-increasing pen-
etration of smartphones, coupled with 
embedded sensors and modern com-

munication technologies, makes them 
an attractive technology for providing 
continuous and remote monitoring of 
human health and well-being with little 
additional cost (5, 6).

In the formation of the innovative 
policy of a medical organization, the 
selection and implementation of tools 
that make it possible to significantly 
improve the quality of medical care, 
taking into account some risks, acquire 
the main importance (6, 7). In this re-
gard, it becomes necessary to obtain 
recommendations in relation to spe-
cific quality management technologies, 
the most valuable of which are those 
implemented in practice and proven to 
be highly effective.

Similar research in the field of mobile 
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health has been carried out in many countries, research and 
implementation, especially in the field of prevention, CR, and 
education. Mobile health includes simple strategies such as 
short messaging (SMS) or text messaging in successful short-
term smoking cessation, weight loss, and diabetes manage-
ment programs (8-12).

Smartphone-based technologies along with broadband 
connectivity are changing the way modern cardiology is prac-
ticed. The ever-broadening connectivity and -increasing ca-
pabilities of smartphone- based technologies can better mon-
itor, diagnose, and prevent CVD (13). Mobile health delivery 
has the potential to improve access to CR and heart failure 
management for patients unable to attend traditional cen-
ter-based CR programs. Feasibility testing of culturally ap-
propriate mHealth delivery for CR and heart failure manage-
ment is required in rural and remote settings with subsequent 
implementation and evaluation into local health-care services 
(14). These applications will be very convenient to use for 
heart patients also living in remote areas that are very far from 
the city. At the same time, when developing such applications, 
it is necessary to take into accounts the characteristics and be-
havioral skills of the population.

Patients with heart disease have various lifestyle risk fac-
tors, therefore, there is a need to increase motivation by ac-
quiring knowledge about disease management and lifestyle 
improvement to prevent CVD recurrence after discharge. 
Overall, many studies have shown that the development of 
smartphone applications for CVD patients that enable self-su-
pervised learning and relearning at home and at work will in-
crease the availability of information. Against this backdrop, 
much research has been directed toward the development of 
an educational smartphone app as a self-guided learning tool 
for CVD patients (3, 15, 16).

Taking into account the conducted scientific research in 
the field of developing mobile applications for cardiac pa-
tients, it showed us what the rationale for their development 
became: post-discharge care (CR), self-management and self-
learning (self-control), and distance between cities and towns 
(remote areas). Furthermore, each country, when developing 
a mobile application, should take into account the health-care 
system, features of tradition, lifestyle, preventive measures, 
geographical location, and more. Therefore, we cannot use 
one developed mobile application for cardiac patients all over 
the world.

2. OBJECTIVE
This study aims to develop the design of a mobile applica-

tion for smartphones for cardiac patients, taking into account 
the specifics of outpatient care.

3.  MATERIAL AND METHODS
Analysis and design phase
The design of the mobile application was developed ac-

cording to a systematic instructional design model. The pre-
requisites for the development were the analysis of the elec-
tronic database of medical organizations, the questioning of 
cardiological patients and healthcare workers, and the study 
of international experience in the development of mobile de-
vices in the field of health care.

The electronic resources of medical organizations pro-

viding outpatient care for 2 years (2019 and 2020) were used, 
the data were taken from the electronic register of dispensary 
patients (ERDP), which are used to record cardiology out-
patients of Kazakhstan (Akmola region). The ERDP portal 
allows employees of medical organizations to automate dis-
pensary registration and observation of patients, storage and 
formation of a register of dispensary patients, processing, and 
provision of statistical and analytical data. Dispensary obser-
vation of patients with chronic non-communicable diseases 
of various nosologies is carried out throughout the republic 
in all state organizations providing primary health care. To 
justify the development of a mobile application, it was neces-
sary to analyze the system for monitoring patients at the dis-
pensary (diagnoses according to the International Classifica-
tion of Diseases: I25.0-I25.9). We studied the dynamics for 2 
years in Akmola region of Kazakhstan and paid attention to 
patients registered in the dispensary, both in the city and in 
the countryside.

We analyzed the quality of medical services for cardiolog-
ical patients and over the past 2 years, a trend towards an in-
crease in health indicators was revealed. For this, ERDP was 
analyzed (number of patients in 2019, n = 3660, in 2020, n = 
7014).

In general, we wanted to show the peculiarity of providing 
medical care to cardiac patients in our country on an outpa-
tient basis and a general scheme for collecting this data into 
electronic resources, starting with a patient’s visit to the clinic 
and entering data to the final result (Republican Center for 
Electronic Health of the Ministry Health Care of the Re-
public of Kazakhstan) (Figure 1).

Participants
All the interviewed patients were recruited from the CVD 

outpatients’ dispensary registration, with whom the primary 
care doctors talked at the reception. We included patients se-
lected by their primary care physician who were over 18 
years of age, spoke Kazakh and Russian, had a diagnosis of 
CVD, and reported regular smartphone use. We excluded pa-
tients under 18 years of age and registered at the dispensary 
for other chronic diseases, also with cognitive impairments.

The user satisfaction survey is conducted in institutions 
that provide outpatient care to both urban and rural popula-
tions of two regions (urban and rural).

 

 

Figure 1. Block diagram of electronic register of dispensary patient for 
taking a patient for dispensary registration 

 
 

Table 1. The social structure of cardiac patients in the dispensary 
 

Item 
 

Cardiological patients registered with dispensaries 

2019 year, n  2020 year, n  +/- p-value 

Gender 

male 2670 (73%) 5230 (75%) +1.95 <0.05 

female 990 (28%) 1784 (25%) +1.80 <0.05 

Age groups (years) 

18-34 298 (8%) 546 (8%) +1.83 <0.05 

35-49 876 (24%) 2110 (30%) +2.4 <0.05 

50-64 1179 (32%) 1814 (25%) +1.53 <0.05 

65+ 1307 (36%) 2544 (36%) +1.94 <0.05 

Social status 

students 121 (3%) 204 (3%) +1.68 <0.05 

workers 419 (11%) 1165 (17%) +2.78 <0.05 

Figure 1. Block diagram of electronic register of dispensary patient for 
taking a patient for dispensary registration
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Procedure and ethical considerations
Reviewed, discussed and approved by the Local Ethics 

Committee at Astana Medical University (Kazakhstan, As-
tana city). Protocol No. 4 of 20.02.2020

Development phase
Based on the goals and structure of education and pre-

vention, an educational application was developed during 
the analysis and design phase. The training and monitoring 
content were organized after considering the objectives and 
scope of training based on the training menu flowchart, and 
the first version of the educational application was developed 
by a professional web developer. All content has been de-
signed to be easy to view, allowing users to zoom in and out 
on the screen. After several consultations on the adequacy of 
the first version of the application and after finalization by car-
diologists and nurses of the final version of the application, 
the educational and preventive application “My Heart” is fi-
nally developed.

The appropriateness of the program was determined by as-
sessing the effectiveness and efficiency of the program in the 
implementation and evaluation phases. The “My Heart” app 
was developed to run in the Android phone environments.

The questionnaire was designed based on earlier work done 
by (17) to evaluate the level of satisfaction with multimedia 
learning content. The evaluation questionnaire included 11 
items assessed on a 5 point scale (1=Poor/Strongly Disagree 
to 5 = Excellent/ Strongly Agree) on the overall experience, 
quality of content, usefulness, and mobile application design 
and functionality.

4. RESULTS
Results of the analysis of indicators of ambulatory care
In general, the number of CVD is growing from year to year, 

this is confirmed by the data from the ERDP. The number 
of cardiological patients registered with the dispensary has 
sharply doubled from 3660 in 2019 to 7014 in 2020 (+2.03; 
p <0.05). We have analyzed the data structure of cardiac pa-
tients at the dispensary registration (Table 1).

According to the table, gender, men have predominance 
over women in 2019 and in 2020, 75% of the share of heart 

diseases is occupied by men. Ages data are similar in both 
years 65 and older occupy 35% and 50–64 age 25–30%. The 
social status of cardiac patients registered with dispensaries 
showed that retirees occupy about 55% in 2019, and in 2020, 
it decreases to 38%, and a sharp increase in cardiac patients is 
unemployed (2019 – 17.4% and 2020 – 26.8%). There was a 
statistically significant difference between the age groups (p 
< 0.05).

This shows that it will be more convenient for elderly people 
and their relatives to enter data into a mobile application, 
rather than go to the clinic every time or wait for a medical 
worker to visit their homes and for medical workers to con-
duct remote monitoring in dynamics in the office and make a 
decision regarding each patient.

Mobile application design
In Kazakhstan, there are currently no active mobile ap-

plications for individual disease nosologies. We have the 
«DamuMed» mobile application on the market, which is used 
by the population and medical workers. The «DamuMed» 
mobile application is constantly being improved. Now, there 
is application for the hospital and for the clinic separately. In 
general, this application is designed for general access to out-
patient services, but not for individual groups of diseases, it is 
convenient to use an appointment with a general practitioner 
or nurse practitioner.

In our design and functionality of the mobile application, 
the following main menus were covered three parts. The first 
part – Registration of Patient Data at the dispensary account 
(“D” account) as the information about daily well-being (as 
in the form of a questionnaire), such symptoms as headache, 
chest pain, shortness of breath, swelling, blood pressure, as 
well as information on medication, diet, and bad habits, re-
sults of laboratory tests, and an emergency button for an 
alarm call. The second part is an Assessment of Your Health 
by Zones and the third part – Materials on the Training Menu 
(Figure 2).

You can to enter your data (identification number, age, height, 
and weight) and register for further use of the mobile application.

Item
Cardiological patients registered with dispen-
saries

2019 year, n 2020 year, n +/- p-value

Gender

male 2670 (73%) 5230 (75%) +1.95 <0.05

female 990 (28%) 1784 (25%) +1.80 <0.05

Age groups (years)

18-34 298 (8%) 546 (8%) +1.83 <0.05

35-49 876 (24%) 2110 (30%) +2.4 <0.05

50-64 1179 (32%) 1814 (25%) +1.53 <0.05

65+ 1307 (36%) 2544 (36%) +1.94 <0.05

Social status

students 121 (3%) 204 (3%) +1.68 <0.05

workers 419 (11%) 1165 (17%) +2.78 <0.05

state employee 532 (15%) 1132 (16%) +2.1 <0.05

unemployed 638 (17%) 1877 (27%) +2.94 <0.05

retiree 1950 (53%) 2614 (37%) +1.3 <0.05

others 0 22 (0) 0 _

Total: n=3660 n=7014 +2.03 <0.05

Table 1. The social structure of cardiac patients in the dispensary

state employee 532 (15%) 1132 (16%) +2.1 <0.05 

unemployed 638 (17%) 1877 (27%) +2.94 <0.05 

retiree 1950 (53%) 2614 (37%) +1.3 <0.05 

others 0 22 (0) 0 _ 

Total: n=3660 n=7014 +2.03 <0.05 

 

 

Figure 2. Mobile application for patients on the “D” account 

 
 
 

Figure 2. Mobile application for patients on the “D” account
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There is a section on the results of laboratory tests, which 
the patient passes on according to the schedule, it is neces-
sary for monitoring the dynamics of the state of health. The 
main data are entered by a medical staff, and the test results 
are automated and sent to the doctor. If the patient receives 
data on their hands, they can check their data in the mobile 
application. It was especially important to turn on the alarm 
button for cardiac patients, the exacerbation of this disease is 
often and unexpected. In this regard, we decided to include the 
telephone number of relatives, except for emergency medical 
services, for a quick response.

The next section is an assessment of one’s health using cer-
tain zones, which was developed by the Republican Center 
for Health Development of the Ministry of Health of the 
Republic of Kazakhstan “Chronic Heart Failure: Clinical 
Guidelines for Nurses on Patient Management (PHC and 
Hospital), adapted clinical guidelines.” From this document, 
data were taken on the assessment of your health in three 
zones: Green zone – all symptoms are under control (no short-
ness of breath and no weight gain) or there is a weight loss of 
about 500–900 g (these changes can occur within a few days), 
no edema feet, ankles, legs, or abdomen, there are no chest 
pains), yellow zone – call your GP or nurse (you are gaining 
700–1200 g per day or you recorded a weight gain of 2 kg or 
more per week, you feel an increase in shortness of breath, you 
have more swelling in your feet, ankles, legs, or abdomen, you 
feel more tired, no strength, you have a dry, hacking cough, 
you feel dizzy, and you feel anxious, it becomes more difficult 
for you to breathe while lying down, you are forced to sleep 
sitting in a chair), and red zone – call an ambulance or panic 
button (it is difficult for you to breathe, persistent shortness 
of breath, you sit motionless in a chair/in a chair, and chest 
pain). This card was borrowed from the booklet heart failure.

The last section includes educational materials, such as in-
formation about diseases of the circulatory system, risk fac-
tors, and recommendations on diet, physical activity, and 
healthy foods. Materials will be included in the form of slides, 
presentations, and videos. Patients need to get acquainted 

daily and study the necessary materials for the prevention 
and maintenance of their health, in addition to taking med-
ications. Such materials on the usefulness and harmfulness 
of products, as well as the necessary light physical activity to 
some extent, can affect the improvement of health.

Results of User Satisfaction Evaluation
Forty-five randomly selected CVD patients who consented 

to participate in the survey were given the test link for appli-
cation installation. They downloaded and used application for 
2 weeks; followed by providing feedback using user satisfac-
tion survey questionnaire. The mean age of users was 52, of 
which 42.86% were female and 57.14% were male. A total of 
67.14% belonged to urban region while 32.86% patients were 
from rural area. More than half of the patients (51.23%) were 
graduate or above.

Overall, average of satisfied users (who rated application 4 
and above) accounts to 70%. More than 85% of users were sat-
isfied with the usefulness, 57% were satisfied with the design, 
layout and functionality and almost 70% were satisfied with 
the quality of content. Table 2 summarizes mean values with 
standard deviation and percentage of users who rated the mo-
bile application 4 and above for various individual questions 
asked in the questionnaire.

5. DISCUSSION
The main goal of our study was to analyze the situation with 

cardiac patients in an outpatient setting and to offer one of the 
tools to improve the situation with CR.

Such studies have been carried out in many countries, 
taking into account the peculiarities of the provision of med-
ical care to cardiac patients (19).

In general, the advantages of such technologies are obvious: 
On the one hand, they can make health care more accessible, 
convenient, and understandable for the patient, on the other 
hand, they can provide the doctor with comprehensive tech-
nical and advisory support, which will ultimately lead to an 
improvement in the quality of medical care (18). It has been 
proven that the success of therapy is determined by the effec-

Questionnaire Category
Mean ± SD

No. of Users
Rated >4(%)

urban (n=35) rural (n=30) urban (n=35) rural (n=30)

1. Composition of contents

1.1 Content quality (design, color, font size, access to content, 
etc.)

4.09±0.7 4.01±0.54 58.0 (87) 49.0 (80)

1.2 The structure of the content is suitable for your medical exam-
ination (medical record, online tests, materials on the prevention 
of cardiovascular diseases and others)

4.30±0.7 4.15±0.58 61.0 (91) 45.0 (74)

1.3 Information provided is clear and understandable 4.46±0,7 4.22±0.42 56.0 (84) 52.0 (85)

2. Usefulness

2.1. Usefulness of use 4.55±0,7 4.30±0.55 62.0 (93) 59.0 (97)

2.2 Usefulness for health monitoring 4.66±0.8 4.42±0.64 64.0 (96) 58.0 (95)

2.3 Useful for managing your own health

2.4 target recommendations for loads and other information

3. Application design and functionality

3.1 General content and sections of the application 4.41±0,7 4.55±0.67 55.0 (82) 48.0 (79)

3.2 Application Availability 4.56±0.6 4.42±0.34 62.0 (93) 54.0 (88)

3.3 Easy to download and apply 4.25±0,3 4.24±0.48 57.0 (85) 53.0 (87)

3.4 Content logic (registration, profile, health indicators, calendar 
for recording, survey results, training content, analyzes)

4.63±0,4 4.53±0.64 62.0 (93) 55.0 (90)

Table 2. User’s satisfaction analysis for “My Heart” mobile application (n = 65)
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tiveness of the interaction between the doctor and the patient, 
their equal responsibility for the result. The active introduc-
tion of mobile technologies into everyday clinical practice 
improves this interaction and brings it to a qualitatively new 
level.

The results showed that medical professionals are generally 
willing to work with a mobile application for remote moni-
toring of patients who suffer from various chronic diseases. 
Patients want to see the content of applications in terms of 
monitoring the dynamics of their condition, online consulta-
tions on taking medications, and recommendations of various 
types depending on the current state of the patient. Along 
with this, the population will be able to be mobile in terms of 
using online applications, both for themselves and for loved 
ones who suffer from various chronic diseases (18, 19).

According to the questionnaires, in general, the population 
is ready to use mobile devices, since almost everyone has a 
mobile phone. The experience of other countries shows that 
a survey of the population is a necessary part in conducting 
a study of this kind (20-23). Since the issue of preference and 
inclusion of the necessary moments in a mobile application 
are being studied. An important issue remains after the de-
velopment and implementation of such technologies, to study 
the satisfaction of the population with this tool.

6. CONCLUSION
According to the analysis, it was revealed how much the 

service of medical services has improved using medical infor-
mation systems. In general, the need for medical applications 
in Kazakhstan is no less than abroad. The studied materials 
showed a trend towards an increase in the incidence of CVD 
both in the city and in the countryside.

The developed design of the mobile application requires 
further improvement, taking into account the peculiarities 
of dispensary registration. In our study, we were able to iden-
tify the target group of patients with chronic diseases who are 
ready to use medical mobile applications. At the same time, 
the high prevalence of chronic non-communicable diseases 
determines the relevance of the development and widespread 
implementation of specialized mobile applications for pa-
tients.

• Patient Consent Form: All participants were informed about subject 

of the study.
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