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Abstract

Cardiovascular refers to anything relating to the heart and blood vessels. The flawed concept leads to multiple patients
not receiving the right care depending on their current health status, which leads to critical cases and even death. Apart
from the main objective of developing a smart healthcare system for cardiovascular diseases, other specific objectives
include modelling a machine learning algorithm for natural language processing, modelling a machine learning algorithm
for health recommendations, developing a preliminary diagnosis subsystem, developing a follow-up report management
subsystem, integrating geolocation subsystem, and evaluating the system. The study has proposed a new method and the
Recommendation and Optimization-Based Decision Support System Algorithm which constructs an expert system with an
explicit knowledge base. The algorithm obtains knowledge through domain experts. In response to a query, the algorithm
gives a customized recommendation, using an optimization step to help the patient maximize the probability of achieving
the desired outcome. In the findings, the recommended behavioural factors are the optimal solutions that maximize the
likelihood of the desired effects. With proper formulation, this expert system can combine multiple factors like age and

body mass index to give support for a proper self-preliminary diagnosis at an individual level.
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Introduction

AThe first president of the United Republic of Tanza-
nia, the late Mwalimu Julius Kambarage, once stated the
country’s three main enemies were poverty, illiteracy, and
diseases. A country must address multiple challenges for a
stable economy so that its people’s health is on the agenda.
Diseases can slow the country’s economy as countries de-
pend on human resources to manufacture several economic
tasks. A disease is a pathological process, most often physi-
cal, as in throat infection or cancer of the bronchus, which
are sometimes undetermined in origin, as in the case of
schizophrenia [1]. The disease manifests itself as a disorder
and presents in the form of symptoms. Disease phenomena,
cases of the disease, the clinical picture, and the course of
a disease can be described, objectified, and classified [2].
Diseases are often known to be medical conditions associa-
ted with specific signs and symptoms [3]. The Tanzanian
government has made several efforts through the Ministry
in charge of health and social welfare and other organiza-
tions to improve the health sector in Tanzania. In 2019,
the Ministry of Health, Community Development, Gen-
der, the Elderly, and Children of the United Republic of
Tanzania agreed to a new health policy. This policy was
enacted to reduce the burden of medical costs by ensuring
a shift in preventing diseases and infections [4]. The whole

situation evolved because these costs affect citizens at a
community and national level. Despite the immense efforts
emphasized by Tanzania’s government, the increase in car-
diovascular disease cases in the country has still been a
problem. Cardiovascular disease is a particularly abnormal
condition that negatively affects all or part of an organi-
sm’s structure or function but does not cause any imme-
diate external injury [5]. Furthermore, it is an abnormal
heart or blood vessel condition [6]. Cardiovascular disease
(CVD) is a general term for conditions affecting the heart
or blood vessels. It is usually associated with a build-up of
fatty deposits inside the arteries and increased blood clots.
It can also be associated with damage to arteries in organs
such as the brain, heart, kidneys, and eyes. Cardiovascular
diseases develop into conditions that last one year or more
and require ongoing medical attention or limiting daily
living activities or both [7].

The categories of cardiovascular diseases include coro-
nary artery disease, or CAD, which is the most common
form of heart disease; the hardening or narrowing of the
arteries that lead to the heart characterizes this condition.
A heart attack, or myocardial infarction, happens when
the arteries leading to the heart become blocked, disrup-
ting the blood flow. Congestive heart failure occurs when
stiffness in the heart prevents the organ from pumping
blood adequately through the body. Heart valve disease
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happens when any of the four valves in the heart do not
open or close properly and interrupt blood flow. Heart mu-
scle disease, or cardiomyopathy, can lead to heart failure.
It occurs when the heart muscle becomes more extensive
and stiffens, preventing it from pumping blood away from
the heart. Sometimes blood can pool in the lungs. Abnor-
mal heart rhythms, or arrhythmia, cause a fluctuation in
the heartbeat that happens while at rest [8].

Tanzania, like other developing countries, is experien-
cing a higher burden of cardiovascular diseases. According
to recent estimates, approximately 33% of the Tanzanian
population is affected by cardiovascular diseases. The
probability of dying from cardiovascular diseases among
adults aged 30 to 70 is approximately 16%. Cardiovascular
diseases alone are responsible for 13% of Tanzania’s total
deaths, and adults aged 25-64 years are particularly af-
fected. Age-standardized cardiovascular disease mortality
rates showed higher death rates among Tanzanian men
than women (473 versus 382 per 10,000). These rates can
be further quantified by the cardiovascular disease death
rates of 9-13% between 2012 and 2016. These have been
driven by the growing trend of cardiovascular disease risk
factors in the country. If there are no strategic measu-
res taken, the mortality rates of cardiovascular diseases
in Tanzania are expected to rise by 20 percent in 2020,
and this will cause over one million deaths [9]. In other
parts of Africa, in Nigeria, the World Health Organization
(WHO) in 2016 revealed that non-communicable diseases
were estimated to account for 29 percent of all deaths, of
which CVDs contributed 11 percent. CVDs that have been
increasing over the past 20 years in Nigeria include hy-
pertension, heart failure, and stroke [10]. In South Africa,
CVD is responsible for almost 1 in 6 deaths (17.3 percent).
Two hundred fifteen (215) people die every day from heart
disease or strokes. Every hour in South Africa, five people
have heart attacks, ten people have strokes, and of those
events, ten people will die [11].

On the North American continent, cardiovascular di-
sease, including stroke, is the leading cause of illness and
death in the United States. In this country, an estimated
62 million people have cardiovascular disease, and 50 mil-
lion people have hypertension [12]. In Canada, about 1 in
12 (or 2.4 million) Canadian adults aged 20 and over live
with diagnosed heart disease. Every hour, about 12 Cana-
dian adults age 20 and over with diagnosed heart disease
die. The death rate is three times higher in adults aged 20
and up with diagnosed heart disease compared to those
who did not; four times higher in adults aged 20 and up
who have had a heart attack compared to those who did
not; and six times higher in adults aged 40 and up with
diagnosed heart failure compared to those who did not [13].
Coronary heart disease (CHD) is the second leading cause
of cardiovascular death in the Chinese population on the
continent of Asia. It accounts for 22 percent of cardiova-
scular deaths in urban areas and 13 percent in rural areas.
Although the mortality from CHD in China is relatively
low compared with Western levels, the burden of CHD

has been increasing [14]. In 2016, the estimated prevalence
of CVDs in India was estimated to be 54.5 million. One
in four deaths in India happens now because of CVDs,
with ischemic heart disease and stroke responsible for >80
percent of this burden [15]. In Japan, there were 750,000
estimated cases of CHD, accounting for 38.7 percent of all
heart disease cases, and 1,668,000 estimated cases of CVD,
accounting for 65.8 percent of all cerebrovascular disease
cases (2,534,000) [16].

On the continent of South America, in Brazil, CVD
was responsible for 31 percent of all deaths, with ischemic
heart disease (31 percent), and cerebrovascular diseases (30
percent) being the leading CVD causes. Studies have also
shown that 37 percent of the 17 million premature deaths
associated with non-communicable diseases (NCD) are cau-
sed by CVD [17]. Cardiovascular disease (CVD) is the le-
ading cause of death and disability in Argentina. CVD cau-
ses approximately 30 percent of all deaths in the country,
and ischemic heart disease is the cardiovascular condition
with the highest morbidity and mortality rates [18].

Heart and circulatory diseases cause around a quarter
of all deaths in the UK; more than 160,000 deaths each
year — an average of 450 deaths each day, or one every
three minutes in the UK. Around 7.6 million people live
with a heart or circulatory disease in the UK, including 4
million men and 3.6 million women. Coronary heart dise-
ase (CHD) is the most common type of heart and circula-
tory disease. It is the most common cause of heart attack
and was the single biggest killer of both men and women
worldwide in 2019. There are more than 100,000 hospital
admissions in the UK due to heart attacks; that is one
every five minutes. Around 1.4 million people alive in the
UK today have survived a heart attack. More than 900,000
people in the UK are living with heart failure. Strokes
cause around 34,000 deaths in the UK each year and are
the most significant cause of severe disability. People with
a family history of coronary heart disease are much more
likely to develop vascular dementia. There are more than
30,000 out-of-hospital cardiac arrests in the UK each year,
with a survival rate of less than 1 in 10 [19]. One in three
French people has significant risk factors for cardiovascu-
lar disease. Around 120,000 heart attacks occur in France
every year; around 10% of the victims die within an hour
[20].

Heart disease and stroke cause nearly 1 in 3 deaths
in the US each year. At least 200,000 of these deaths co-
uld have been prevented through changes in health habits,
such as stopping smoking, more physical activity, and less
salt in the diet; community changes to create healthier li-
ving spaces, such as safe places to exercise and smoke-free
areas; and managing high blood pressure, high cholesterol,
and diabetes [21].

Cardiovascular diseases will be addressed using machi-
ne learning and knowledge discovery techniques to create
automated, personalized health recommendations that
consider patient characteristics and preferences. This type
of problem can be found in many domains. Experts are
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often consulted because they know how to maximize the
desired results while considering multiple and sometimes
competing factors. The proposed algorithm can simulate
these experts by recommending actions that maximize the
likelihood of the desired result [22]. Linear regression is a
statistical procedure for calculating the value of a depen-
dent variable from an independent variable. Linear regres-
sion measures the association between two variables. It is
a modelling technique where a dependent variable is pre-
dicted based on one or more independent variables. Linear
regression analysis is the most widely used of all statistical
techniques [23]. The use of regression techniques can de-
termine the relative importance of variables by observing
the coefficients’ sign and magnitude. Sensitivity analysis
provides a way to observe how sensitive a result is to va-
riations in the variables of interest, thus determining the
importance of these variables. The proposed algorithm is a
decision tool that can provide suggestions by utilizing cap-
tured knowledge and optimizing the chosen action’s effec-
tiveness. This algorithm can recommend an action based
on multiple variables and the interactions among them.
Instances with known outcomes are used to capture
knowledge in the form of a predictive model (classifier)
and a validation map that estimates the probability of the
desired outcome for any patient/action pair. A query will
activate an optimization method that finds the best course
of action using the captured knowledge, feasible choices,
and information provided about the patient. The opti-
mization process will combine the provided information
with the captured knowledge to generate individualised
health customization [24]. The knowledge extraction tool’s
objective is to find a proper recommendation under the
constraints the patient has provided. The user provides
information regarding a patient’s characteristics, and then
the system can generate a customized health recommenda-
tion. This customized recommendation satisfies the given
characteristics and identifies the recommendations with
the highest probability of the desired outcome. A sound
decision-making system should also consider patient fac-
tors like tolerance. Practical problems will arise if the only
consideration is medical phenomena, and it may get even
more challenging if there are other practical concerns like
a variety of symptoms. The solution to this is the need
to have a knowledge-based system (KBS) [25]. This know-
ledge exists in the form of atomic facts about the domain
of interest and rules for inferring new facts, but may also
be in the form of graphs, trees, or networks. This data is
stored in a specific location known as a "knowledge base.”
Together with the inference engine, the knowledge base
system is used to make inferences. Another technique used
in case-based reasoning, instead of using a knowledge base,
is using case libraries, which contain all previously solved
cases. The new case’s solution working mechanism involves
finding the most similar problems in the case library and
knowledge to a generate customized health customization
[24]. The knowledge extraction tool’s objective is to find a
proper recommendation under the constraints the patient
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has provided. The user provides information regarding a
patient’s characteristics, and then the system can generate
a customized health recommendation. This customized re-
commendation satisfies the given characteristics and iden-
tifies the recommendations with the highest probability
of the desired outcome. A sound decision-making system
should also consider patient factors like tolerance. Practi-
cal problems will arise if the only consideration is medical
phenomena, and it may get even more challenging if there
are other practical concerns like variant symptoms. The
solution to this is the need to have a knowledge-based
system (KBS) [25]. This knowledge exists in the form of
atomic facts about the domain of interest and rules for
inferring new facts, but may also be in the form of graphs,
trees, or networks. This data is stored in a specific location
known as a "knowledge base.” Together with the inference
engine, the knowledge base system is used to make infe-
rences. Another technique used in case-based reasoning,
instead of using a knowledge base, is using case libraries,
which contain all previously solved cases. The new case’s
solution working mechanism involves finding the most si-
milar problems in the case library.

Materials and methods

A. Data Collection

The following methods of data collection are used in this
project: a questionnaire, a series of questions designed to elicit/
draw specific information about an area of study or interest; an
interview, a conversation with a purpose; and Focus Groups,
which are simply a group interview of people who all have so-
mething in common. Records and Documents, is the process of
examining existing documents and records of an organisation
for tracking changes over a period of time.

B. Methodology

Rapid application development is a software development
methodology that uses minimal planning in rapid prototyping.
RAD methodology is designed to adapt to changes and accept
new inputs, like features and functions, at every development
process. RAD uses an Iterative Incremental Model. The Ite-
rative Incremental Model is a particular implementation of a
software development life cycle (SDLC) that focuses on initial,
simplified implementation, progressively gaining more comple-
xity and a broader feature set until the final system is com-
plete.

The first step is to go through an initial planning stage to
map out the specification documents, establish software or har-
dware requirements, and generally prepare for the upcoming
stages of the cycle. The purpose of this phase is to perform a
preliminary investigation to evaluate an I'T-related business op-
portunity or problem. The second stage, analysis is performed
to nail down the appropriate business logic, database models,
and the like required at this stage in the project. The third
stage includes the beginning of the actual implementation and
coding process. All planning, specification, and design docs
up to this point were implemented into this initial iteration
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of the project. After the database design, an understanding of
the variables, entities, and their corresponding attributes, the
focus shifted to bringing this project to life by developing and
integrating different system components.

The fourth stage, after a build iteration was coded and
implemented, and underwent a series of testing procedures to
identify and locate any potential bugs or issues that cropped
up. After all prior stages were completed, a thorough evalu-
ation of development up to this stage was performed. This
evaluation allowed the entire team and clients or other outside
parties to examine where the project is at, where it needs to be,
what can or should change, and so on.

C. Tools used

MySQL is an Open Source, high performance, feature-rich
relational database management software. MySQL performs
well as the data size grows, from GB to several TB of data.
XAMPP server (X-Cross platform Apache MySQL PHP se-
rver). This gives a local host for hosting the web based locally
before hosting to the online servers. VS CODE IDE analyses
the code, looking for connections between symbols across all
project files and languages. Colaboratory, or “Colab” for short,
is a product from Google Research. Colab allows anybody to
write and execute arbitrary python code through the browser,
and is especially well suited to machine learning, data analy-
sis and education. AutoML Vision enables anyone to perform
supervised learning, which involves training a computer to re-
cognize patterns from labelled data. Using supervised learning,
we can train a model to recognize the patterns and content
that we care about in images.

D. Languages used

PHP (Hypertext Pre-processor), is used to build up the
web contents part of the project such as database connection,
inserting and retrieving data from a database.

JavaScript has its libraries like JQuery. It is a client-side
scripting language which can be used to handle all events in
client-side like validation and loading some part of the page.
HTML (Hypertext Markup Language) used to build and di-
splay web contents. CSS (Cascade Style Sheet) used styling
the layout of the webpages. Python is a general-purpose pro-
gramming language, so it can be used for many things.

E. Libraries and Web Services

Bootstrap is a free and open-source CSS framework di-
rected at responsive, mobile-first front-end web development.
Jquery is a lightweight, JavaScript library. Font-Awesome is
a popular way to add font icons to your website. NumPy is
the fundamental package for scientific computing in Python.
Scikit-Learn is a free software machine learning library for the
Python programming language.

Sendgrid API offers a Web API that allows customers to
retrieve information about their accounts such as statistics,
bounces, spam reports, and unsubscribes. Teachable Machine
is a web-based tool that makes creating machine learning mo-
dels fast, easy, and accessible to everyone. OpenWeatherMap

provides a range of weather-related products in a variable
combination of depth and steps of measurement to millions of
clients globally.

Results and discussion

Different platforms and applications have performed
different approaches to solve this problem.

* Ada Health

Ada is a global health company based in Berlin that ope-
rates Ada, an end-user self-assessment app. Additionally, the
company offers enterprise solutions - Assess, Connect, Han-
dover, and COVID-19. It was founded by Claire Novorol, a
British paediatrician, Martin Hirsch, and Daniel Nathrath. Na-
thrath is a graduate of the University of Houston Law Center.
The app, developed by Ada Health, uses a medical knowledge
database with artificial intelligence technology to help users
understand what might be causing their symptoms and provi-
de guidance about what they should do next [26].

* Samsung Health

Samsung Health (originally S Health) is a free application
developed by Samsung that serves to track various aspects of
daily life contributing to well-being, such as physical activity,
diet, and sleep. Launched on July 2, 2012, with the new Sam-
sung smartphone, the Galaxy S3, the application was installed
by default only on some smartphones of the brand. It could
also be downloaded from the Samsung Galaxy Store [27]. Sam-
sung Health is more than just a glorified step or calorie tracker.
It can track weight, calorie intake/burn, steps, runs, heart rate,
stress levels, caffeine intake, blood pressure, sleep, blood glu-
cose, bike rides, hikes, and a lot more. It is worth noting that
not all features are available on all smartphones. So, while one
can install it on a wide range of Android phones, not every
phone can take advantage of things which are enabled by the
hardware on the Samsung Galaxy line-up. Samsung Health’s
main page is where one can start with the app, as well as where
likely spend most of the time. It can be a bit overwhelming at
first, but users get used to it quickly. It is worth noting that
some do not use the phone to get their data, like blood pres-
sure or glucose, for example. This feature assumes that one
has a third-party monitor to track this particular data. Then
input it to Health app manually. It is also likely that one can
find apps that work with external devices (like blood pressure
monitors) and sync with the Health app to track things more
automatically [28].

* Healthy Heart App

The Healthy Heart app is a prevention/monitoring app
for high blood pressure / high cholesterol patients at risk of
heart diseases and their caretakers. It tracks blood pressure,
pulse, cholesterol, blood glucose, potassium, medications, and
behavioural and environmental factors. This data is invaluable
in helping one’s doctor pinpoint the cause of the sickness and
evaluate the effectiveness of medications. It also provides moti-
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vation for individuals to live healthier. The data can be saved
to the Ringful online service for backup, analytics, and easy
sharing with doctors and family members. In addition, the app
provides news articles on the latest research/news on heart
conditions every day, and one can share those articles via Fa-
cebook [29).

* Heart Pal

Heart Pal connects with a separate handheld ECG moni-
tor to record one’s heart and help one’s medical team determi-
ne a diagnosis. Users can see the results, historical data, and
waveform for analysis and review. The app uses Al technology
to determine whether or not there is an arrhythmia [30]. Heart
Pal is a helpful tool for patients and doctors to use to monitor
their average blood pressure. The app allows one to log infor-
mation, display it in charts, and share it with the doctor. One
can even monitor the medication with a built-in scheduling fe-
ature. The reminders it offers also provide a slew of additional
benefits [32].

* Withings App

WITHINGS creates devices embedded in easy-to-use eve-
ryday objects that connect to a unique app and act as power-
ful daily health check-ups, and provides tools to help master
long-term health goals. With a health companion, users are
empowered to take action and start mastering vitals, track
one’s vitals, weight & body composition monitoring as well as
reach weight goals with advanced insights, including weight,
weight trends, and BMI & body composition. Users can also
automatically track their daily activity and workout sessions
with in-depth insights, including steps, heart rate, multisport
tracking, connected GPS & fitness level assessment. Users are
also able to improve sleep with sleep-lab-worthy results (sleep
cycles, sleep score, heart rate, snoring & more) and uncover
breathing disturbances. They can also monitor hypertension
from the comfort of their own home with medically accurate
systolic and diastolic blood pressure results, plus reports which
can be shared with their respective doctor to monitor the effi-
cacy of treatment [33].

Data analysis
From the findings, it can be concluded that the nature

of the conversation between the patient and doctor is mo-
stly close-ended, as depicted by Fig-1.

Fig. 1. : Nature of the diagnosis conversation between doctor and patient.

Open-ended Conversation [l

Open-ended

Close-ended Conversation [l

Close-ended

It can be acknowledged that most doctors prefer Swa-
hili to English as a medium of conversation due to the
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familiarity of the patients to the vocabularies of Swahili
language, as depicted by Fig-2

Fig. 2. : . Language most preferable during diagnosis.

Swahil

Swahili [l
English g

English

During these conversations the following can be learnt
from the patients: sentiment, emotions, symptoms, back-
ground information, and behavioural factors. In addition
to that the key factors that one should monitor in cardiac-
-patients daily lives include: diet and nutrition, exercise,
and weather. In case of emergencies, the immediate me-
asures to be taken include; ventilation, performing CPR. if
necessary, and seeking medical attention.

The symptoms of the disease and stage of the disease
are the key factors that lead to recommending changes to
the patient. The kind of data is to be stored to help with
the recommendations: height, weight, age, and location of
the patient. The risk level of the patient in a preliminary
diagnosis can be calculated using; symptoms (stage of the
disease), by using Framingham heart failure score and Du-
kes criteria and using the CHADVAS score.

Framingham criteria is used to come to conclusions
which means that the patient exhibits two major criteria
or one major and two minor criteria based on history and
symptoms. The kinds of question asked during diagnosis
involve the following: heartbeat rhythm, family history of
heart diseases, lifestyle risk factors, easy fatigability, limb
swelling (Oedema), history of hypertension, chest pain,
chronic diseases, and difficulty breathing.

During follow-up, the following processes should be
considered; the severity of signs and symptoms, adheren-
ce to meds, modification of lifestyle (diet and exercise),
improvement of patient’s symptoms (difficulty breathing
and easy fatigability) as well as adherence to nutrition
adjustments and medication given.

From diagnosis there will be 3 consecutive follow-ups
at 7, 14 and 21 days from diagnosis. Thereafter, it will be
monthly and if resolved, then every 6 months. However,
the patient can come to the clinic when his/her condition
worsens at any time. The nature of a patient follow-up
begins with specific scope and ends with a general scope,
and a summary of the whole process, which has no place
for bringing up new ideas nor redundancy. Report details
are represented through elaboration and translation of me-
dical parameters into an understandable simple language
to the patient, so he/she can understand what the findings
were during the investigations and suggestions for his/her
treatment.



Pol. J. Appl. Sci., 2021, 7, 16-22

Kondoro A. et al.: Smart Healthcare System for Cardiovascular Patients ...

* Proposed System

The proposed system is the smart healthcare system for
cardiovascular diseases. The system will manage all users
seeking cardiovascular medical assistance. The medical as-
sistance can elaborate medical information regarding a ba-
lanced diet that is various nutritious foods which can help
improve the user’s well-being. The other type of medical
assistance can be in the form of recommendation of different
behaviours and general conduct of the user, such as daily
exercise, self-diagnosis, and level of activities.

Conclusion

Machine learning is at the centre of a new enterprise to
build computational models of intelligence. The main assump-
tion is that intelligence can be represented in terms of symbol
structures and symbolic operations which can be programmed
in a digital computer. There is much debate as to whether such
an appropriately programmed computer would be a mind, or
would merely simulate one, but machine learning researchers
need not wait for the conclusion to that debate, nor for the hy-
pothetical computer that could model all of human intelligen-
ce. Aspects of intelligent behaviour, such as solving problems,
making inferences, learning, and understanding language, have
already been coded as computer programs, and within very
limited domains, such as identifying diseases of soybean plants,
machine learning algorithms can outperform human experts.
Now the great challenge of machine learning is to find ways of
representing the common-sense knowledge and experience that
enable people to carry out everyday activities such as holding
a wide-ranging conversation, or finding their way along a busy
street. Conventional digital computers may be capable of run-
ning such programs, or we may need to develop new machines
that can support the complexity of human thought. General-
ly, this report has provided all basic information concerning
the existence of the problem and the procedures for solving
it. Using these procedures, The system has been designed and
realized using machine learning algorithms. Moreover, the sys-
tem has been tested and appeared to give the expected results.
Considering these results obtained after repeated testing, the
overall performance of the designed system is good. Therefore,
it can be concluded that the designed system is expected to
solve the existing problem.

Literature

Boyd, K. M. (2000, June). Disease, illness, sickness,
health, healing and wholeness: exploring some elusi-
ve concepts. Medical Humanities. Institute of Medical
Ethics. doi.org/10.1136/mh.26.1.9

Matthias Flatscher, PhD; Torsten Liem, DO (2011, De-
cember). What is health? What is disease? Thoughts
on a complex issue. The AAO Journal. Osteopathie Schule.

UTA. (2021, April). Disease — World Problems &
Global Issues — The Encyclopedia of World Problems.
http://encyclopedia.uia.org/en/problem/136455

[4] Ministry of Health, Community Development, Gen-
der, Elderly and Children Tanzania (2017 October).

The National Health Policy 2017.

Beaglehole, R., Saracci, R., & Panico, S. (2001, Octo-
ber). Editorial -- Cardiovascular diseases: Causes,
surveillance and prevention. International Journal
of Epidemiology, 30(suppl 1), S1-S1. https://doi.
org/10.1093/ije/30.suppl 1.51

Women of color health information collection (2012,
February). Cardiovascular Disease. Office of Research
on Women’s Health National Institutes of Health .NIH
publication no. 12-7680. https://orwh.od.nih.gov /si-
tes/orwh/files/docs/ ORWH-HIC-Cardiovascular-Di-
sease.pdf

NHS (2017, October). Cardiovascular disease.Nhs.Uk.
https://www.nhs.uk/conditions/cardiovascular-dise-
ase/

Internal Medicine & Pediatric Clinic (2020, February)
6 Types of Heart Disease and What Causes Them.
IMPCNA. https://www.impcna.com/blog/6-types-of-
heart-disease-and-what-causes-them

Wilfrida P. Roman, Haikael David Martin, Elingara-
mi Sauli (2019, August). Cardiovascular Diseases in
Tanzania: The Burden of Modifiable and Intermedia-
te Risk Factors. Journal of Xiangya Medicine. AME
Publishing Company. https://jxym.amegroups.com/
article/view/5361/html

Ike SO, Onyema CT. (2020, June) Cardiovascular di-
seases in Nigeria: What has happened in the past 20
years?. Nig J Cardiol 2020;17:21-6

Zuhlke, L. (2016, September). Why heart disease
is on the rise in South Africa. The Conversation.
http://theconversation.com/why-heart-disease-is-on-
-the-rise-in-south-africa-66167

[12] Virani, S. S., Alonso, A., Benjamin, E. J., Bittencourt,
M. S., Callaway, C. W., Carson, A. P., Chamberla-
in, A. M., Chang, A. R., Cheng, S., Delling, F. N.,
Djousse, L., Elkind, M. S. V., Ferguson, J. F., For-
nage, M., Khan, S. S.; Kissela, B. M., Knutson, K.
L., Kwan, T. W., Lackland, D. T. (2020, January).
Heart Disease and Stroke Statistics—2020 Upda-
te: A Report From the American Heart Association.
Circulation, 141(9), e139-e596. https://doi.org/
10.1161/CIR.0000000000000757

Public Health Agency of Canada. (2017, February).
Heart Disease in Canada [Education and awareness].
https://www.canada.ca/en/public-health /services/
publications/diseases-conditions/heart-disease-cana-
da.html

Zhang X, Lu ZL, Liu L. (2008, August). Coronary heart
disease in China. Heart. https://heart.bmj.com/con-
tent/94/9/1126

[13]

21



Kondoro A. et al.: Smart Healthcare System for Cardiovascular Patients ...

Pol. J. Appl. Sci., 2021, 7, 16-22

[15]

[16]

[18]

[19]

[22]

22

Ahmad A. Abdul-Aziz, Prabha Desikan, Dorairaj Pra-
bhakaran, Lee F. Schroeder (2019, Mar). Tackling the
Burden of Cardiovascular Diseases in India. Circula-
tion: Cardiovascular Quality and Outcomes. https://
www.ahajournals.org/doi/10.1161/CIRCOUTCO-
MES.118.005195

Mo, X., Gai, R. T., Sawada, K., Takahashi, Y., Cox,
S. E., Nakayama, T., & Mori, R. (2019, June). Corona-
ry heart disease and stroke disease burden attributable
to fruit and vegetable intake in Japan: Projected DA-
LYS to 2060. BMC Public Health, 19(1), 707. https://
doi.org/10.1186/s12889-019-7047-z

Ribeiro, A. L. P., Duncan, B. B., Brant, L. C. C., Lotu-
fo, P. A., Mill, J. G., & Barreto, S. M. (2016, January).
Cardiovascular Health in Brazil. Circulation. https://
doi.org/10.1161/CIRCULATIONAHA.114.008727

Diaz. (2019, September). Current Status and Futu-
re Strategies for Cardiovascular Disease in Argentina.
Circulation. https://www.ahajournals.org/doi/10.1161
/CIRCULATIONAHA.119.038898

British Health Foundation. (2021, October). Facts
and figures. https://www.bhf.org.uk/what-we-do/
news-from-the-bhf/contact-the-press-office/facts-
-and-figures

Fondation de france. (2017, January). Cardiovascular
disease.  https://www.fondationdefrance.org/en/car-
diovascular-disease

Centers for Disease Control and Prevention, Centers
for Disease Control and Prevention (2013, September).
Preventable Deaths from Heart Disease & Stroke.
https://www.cdc.gov/vitalsigns/heartdisease-stroke/
index.html

Chi, C.-L., & Street, W. N. (2007, October). Building
a Hospital Referral Expert System with a Prediction
and Optimization-Based Decision Support System
Algorithm. 24

[23]

[26]

[27]

[32]

Kumari K, Yadav S. (2018, May) Linear regression
analysis study. Journal of the Practice of Cardio-
vascular Science 2018;4:33-6. https://www.j-pcs.org/
article.asp?issn=2395-5414;year=2018;volume=4;issu
e=1;spage=33;epage=36;aulast=Kumari

NCSS. (2019). Linear Regression and Correlation.
NCSS Statistical Software.

Plant, R., & Gamble, R. (2003, December). Metho-
dologies for the development of knowledge-based
systems, 1982-2002. The Knowledge Engineering
Review, 18(1), 47-81. https://doi.org/10.1017/
S026988890300064X

Wikimedia Foundation. (2020 October). Ada Health.
Wikipedia. https://en.wikipedia.org/w/index.php?
title=Ada Health&oldid=982813717

Wikimedia Foundation. (2021 March). Samsung
Health. Wikipedia. https://en.wikipedia.org/w/index.
php?title=Samsung Health&oldid=1014138766

Summerson, C. (2018, April). What Can You Do with
Samsung Health? How-To Geek. https://www.howto-
geek.com /348348 /what-can-you-do-with-samsung-he-
alth/

Ringful. (2010, May). Healthy Heart 2. Down-
load.com. https://download.cnet.com/Healthy-
Heart-2/3000-2129'4-75129192.html

Google. (2020, March). Heart Pal - Apps on Google Play.
Google Play. https://play.google.com/store/apps/
details?id=com.choicemmed.hdfecg.heartpal&hl=en&

HeartAttackpedia. (2019, June). Heart Pal - Blood
Pressure Tracker - Heart Attack App Review. https://
heartattackpedia.com/mobile-apps/heart-pal-blood-
-pressure-tracker/

Withings. (2012, July). Withings Health Mate. App
Store. https://apps.apple.com/cl/app/withings-
health-mate/id54270102071=en# ?platform=iphone

Received: 2023
Accepted: 2023



