¥4 0 INTERNATIONAL ISSN: 2366-1313

| —

Heart Disease Detection Using Various Machine Learning

Algorithms

P ANITHA, ’B. KETHANA
1.2 Assistant Professor, Dept of CSE, Megha institute of engineering and Technology for women, Ghatkesar (T.S)

Abstract: Nowadays, heart failure is a common and frequent disorder in the human body,
and it has also troubled many people in this world. A large number of people suffer from this
disease every year, especially in America and also in India. Doctors and scientific research
have shown that heart disease is not always a sudden disease but is caused by persisting
abnormal lifestyle and particularly physical activity for an extended period after the sudden
onset of symptoms. After experiencing such symptoms, people seek treatment in clinics for
specific monitoring and treatment, but these are pretty expensive. Therefore, before thinking
about this disease, one can estimate the condition of the patient from the final results of this
research. This study collected the abnormal resource records and divided these statistics into
two parts: 80% for the training data set and the remaining 20% for the testing data set. I tried
to achieve high accuracy using specialized classification algorithms and then summarized
that accuracy. These algorithms, mainly Random Forest Classifier, Decision Tree Classifier,
Support Vector Machine, Naive Bayes, and KNN gave similar and higher accuracy than other
algorithms. This paper proposes a progression that predicts the risk of heart disease based on

an underlying antecedent such as sex, glucose, blood pressure, heart rate, etc.

Keywords: Obesity, Cardiovascular disease (CVD), Heart rate variability (HRV), Autonomic
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L. INTRODUCTION (CAD) and heart failure. The leading cause

of coronary artery disease is the occlusion
After the heart, the brain is the most
. . . or narrowing of the coronary arteries [1].
essential part of our body. It is an entirely
) ) ) CAD is the leading cause of death from
delicate part of our body, and its primary
heart disease, and more than 26 million
function is to supply blood to the whole
people suffer from heart disease every year;

body, but for some reason, it can fail. . _
there is an increase of about 2% due to
CAD 17 . 5 million deaths occurred

worldwide in 2005 [2]. In 2008, the US

There are different types of coronary heart
disease in the world, but the most common

components are coronary artery disease o
government spent $35 billion on CAD [3].

Volume VIIl Issuel FEBRUARY 2023 www.zkginternational.com 456



==

—
il AL INTERNATTONAL

| —

There are main categories classifying the
risk aspects of the wuse of clinical
technology: one is that it cannot be
modified, and the other is that it can be
changed. The immutable factors are age,

family history, gender, etc.

On the other hand, variables are smoking,
food addiction, physical activity, blood
pressure (BP), cholesterol, etc. Heart
failure is a widespread problem in this
world. It needs to be predicted and
diagnosed, and there are many ways to
prevent coronary heart disease; among
them, angiography is a popular method,
but it is a bit expensive. Traditionally, we
would use a model knowledge device to
infer the victim's situation. During the last
year, the knowledge of the instrument
offered us this development for a set of
scientific statistics to anticipate the case of
heart disease. Conflicting results have been
found about obesity and autonomic
capacity[2]. Hemodynamic instability in
the form of increased cardiac output,
changes in vascular reactivity,
hypertension, diastolic weakness, and
cardiomyopathy have been documented.
Cardiovascular disease is often associated
with weight problems. Insulin resistance,
high blood pressure, and low high-density
lipoprotein have been warned to cause

cardiovascular disease in obese people.

However, autonomic instability in weight
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problems cannot be controlled. Obesity
can lead to various complications, most
notably high blood pressure, insulin
resistance, dyslipidemia, and coronary

artery disease.
Autonomic imbalance and disease

Evidence is emerging on the position of
the autonomic nervous system (ANS) in
various diseases. The main branches of the
ANS are generally thought to be: the
sympathetic machine, which is associated
with electrical stimulation, and the
parasympathetic  machine, which is
associated with vegetative and
regenerative abilities. In general, these
branches are interested in dynamic balance.
However, it can rapidly modulate the
activity of both branches in response to
changing environmental requirements. The
concepts of the characteristics of living
things based on complexity maintain that
the balance, adaptation, and health of
organisms are maintained through changes
in the dynamic relationship between the
instrument factors [3]. Thus, given the
ever-changing environmental requirements,
patterns of systematic variability rather
than static phases are preserved. Because
the device "works at some distance from
equilibrium," the device typically seeks to
find the local force minima to reduce the

organism's energy needs.
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Another consequence of this approach is
that autonomous imbalances, where an
ANS department dominates, are related to
a lack of dynamic flexibility and fitness.
Experimentally, a large body of evidence
indicates that autonomic imbalance, in
which the sympathetic apparatus is usually
hyperactive and the parasympathetic
apparatus is hypoactive, is related to
various  pathological conditions. In
particular, when the sympathetic sector
dominates for a long time, the electrical
needs in the machine become excessive
and ultimately cannot be met, resulting in
death. On the road to death, however,
premature aging and disease represent a
management mechanism of independent
imbalances. Thus, an imbalance of
autonomy may be the ultimate common
way to reduce illness and death for various
conditions and diseases, including heart
disease. Heart rate fluctuations can be used
to independently estimate the risk of
imbalance, disease, and death.
Parasympathetic activity and HRV have
been linked to immune disorders and
inflammation, leading to heart disease,
diabetes, osteoporosis, arthritis,
Alzheimer's disease, periodontal disease,
certain types of cancer, and muscle loss.
Are attached. Strength and height
Weakness and disability. Heart rate

variable (HRV) measures in time and rate

domains were effectively used to index
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vaginal activity. In the time zone, the same
previous deviation of internet distances
(IBI), total deviation of R to R duration
(SDNN), base rectangle consecutive
difference (RMSSD), and Dbaroreflex
sensitivity measures (an index) are
suggested. The cardiovascular system's
response to changes in blood pressure is a

beneficial indicator of vaginal attachment.
II. REVIEW OF LITERATURE

This explanatory review shows that
autonomic imbalance that does not result
in vaginal obstruction is associated with
rapid morbidity and mortality. We also
look at evidence linking vaginal function
to potential and emerging factors,
including high blood pressure, coronary
artery disease, and death. Importantly, we
discuss evidence that increased heart rate
items are associated with reduced risk and
improved fitness profiles. Therefore, the
autonomic imbalance version may also
provide a coherent approach for examining
the locus of HRV within the risk of
coronary artery disease and all causes of

death.
Heart rate variability and mortality

In one of the first studies to investigate the
relationship between indices of HRV and

mortality,
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Kleiger et al. [4] Approximately 900
patients with myocardial infection (MI)
were confirmed to be a significant neutral
predictor of HRV death in this high-risk
group. Numerous studies have supported
the idea that reduced vaginal time, as
configured by HRV, predicts death in a
more likely, low-risk population. In an
older sample of the Framingham Heart
Study (FHS), frequency domain measures
have been linked to aggregate mortality
after overcoming dramatically different
risk factors. Seven hundred thirty-six
women and men with an average age of 72
years provided ambulatory HRV data in
the time and frequency domain [22]. Eight
HRV measurements have been tested,
including five frequency area
measurements. All five frequency domain
measures have been associated with
commendable mortality due to
commendable causes other than the LF /
HF ratio (a significant degree of
sympathovagal stability where a higher
number suggests additional relative
sympathetic dominance). Risk factors
remain after control. A standard deviation
(SD) difference in log-transformed LF
power was associated with an additional
1.7 times relative difficulty in each cause

of death in this pattern.

Similarly, in Hoorn's study, a possible test

of glucose tolerance in the modern

ISSN: 2366-1313

population, the multiple time-frequency
domain index of HRV was calculated, and
five were associated with all causes of
death during 9-12 months. Age, sex, and
glucose tolerance after a period of at least
pb0.10 phase increase after control. The
discovery became more powerful for
people at high risk for diabetes, high blood

pressure, or heart disease.

Liao et al. [S5] The ARIC study examined
the relationship between two-minute sleep
apnea HRV and hypertension in a
randomized, randomized pattern of 2,061
black and white men and women. Only 64
people had high blood pressure during the
three years of follow-up. However,
baseline HF power reversal was associated
with an improvement in those with high
blood pressure. In cross-sectional analysis,
HF power adjusted for age, race, sex,
smoking, diabetes, and training decreased
significantly compared to the hypertension
group (both untreated and untreated).
Furthermore, those living within the
lowest quarter of HRV had a 2.44 times
higher risk of developing high blood
pressure than those living within the

highest quarter.

Singh et al. [6] Cross-sectional and
prospective analyzes tested the association
between hours of recording ambulatory
heart rate and hypertension in women and

men. Cross-sectional analysis indicates
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that, when age, BMI, smoking, and alcohol
use are adjusted, multiple measures of the
HRV time-area-frequency index are
dramatically higher in hypertension than in
normal women and men. During the 4-year
follow-up period, 119 boys and 125 girls
developed hypertension. These analyzes
showed that low-frequency low electricity
was associated with the development of
hypertension in men but not in women

anymore.

Singh et al. [7] examined the relationship
between HRV and blood glucose levels in
1,919 women and men. The first two hours
of the ambulatory heart rate recording
were used to calculate some of the HRV's
time-frequency domain index. Fasting
glucose levels have been used to classify
people with normal or poor fasting glucose
and select people with diabetes (similar to
those diagnosed with diabetes). Numerous
indicators of HRV, including the strength
of LF and HF within the FHS, are
inversely related to fasting glucose levels
and are more pronounced in diabetic
patients and those who are weak in fasting

than in those with fasting glucose limits.

Hyano et al. [8] noted that both acute and
chronic smoking was associated with
decreased vaginal tone. Similarly, smoking
was associated with significantly higher
LF / HF ratios in taxi drivers within five

minutes of exposure to daily driving
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conditions. Smoking at night, in particular,
is thought to have a more severe effect on
cardiac modulation than smoking during
daylight hours. The authors also suggest
that the sympathetic and parasympathetic
withdrawal response from smoking may

also contribute to heart disease risk.

III. PROPOSED METHODOLOGY
A. Subject

This examination has been completed with
the permission of the Dean of Research
and Development, College of Engineering,
Pune, after following all ethical
recommendations for the work of Stage
Studies of the Institute. Investigators and
subjects have volunteered. The test
consisted of obtaining 16 normal obese
and 16 controlled subjects'
electrocardiograms (ECG) between the
ages of 20 and 50 of both sexes. However,
sixteen controls and coarse samples are
insufficient to test statistical results.
Therefore, we artificially elevated the
length of control and coarse subject
patterns using the Synthetic Minority
Oversampling Technique (SMOTE) [4].
This is a strong and widely used method.
Create a random set to balance the
minority beauty. Samples of the new
artificial records are randomly drawn

between selected minority beauty patrons

and their close friends. Details of the
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implementation of SMOTE technique are
given in Algorithm 1.

B. Ciriteria to decide

According to the World Fitness
Organization (WHO) guidelines, the use of
BMI determines obesity. BMI is calculated
as BMI = weight (kg) / height (m2) [10].
Subjects with a BMI value of 18 to 25 (kg
/ m2) are considered normal or not
overweight, and subjects with a BMI value

above 30 (kg / m2) are considered obese.
C. ECG Recording and HRV Analysis

ECG of 16 obese and controlled subjects
was recorded using a state-of-the-art ECG
device with a sampling rate of 500 Hz at
rest for 15 minutes. The last five minutes
of HRV analysis are used inside the
Biomedical Workbench LabVIEW Cardiac
Load  Variability = Analyzer. HRV
parameters are determined using a linear
and non-linear approach [7]. The linear
form involves the assessment of the area of

time and the area of frequency.
In the time domain, the RR ¢ program
language's period sign extracts statistical
parameters including implicit HR, implicit
RR, SDNN, and RMSSD. Implicit HR and
suggested RR are common values for
coronary heart rate and RR interval. The
SDNN represents the standard deviation of

the normal to normal (NN) interval, and

the RMSSD represents the average
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rectangular base of the -corresponding
previous deviation of the NN interval. The
Fast Fuer Transform (FFT) technique
calculated the HRV frequency area
parameters. Frequency domain parameters
that can be extracted from HRV are
general power (TP) (ms2), low frequency
(LF) and high frequency (HF) power, low
frequency (LF) and high frequency (HF) in
normalized units. , And LF / HF ratio. Two
nonlinear HRV properties are derived from
the HRV signal, SD1 and SD2. SDI1 and
SD2 are Poincaré chart measures. SDI
represents a short-term change in the NN c
programming language, and SD2 NN c is a
long-term change in the programming
language. The control and coarse group
were analyzed based on linear and

nonlinear HRV parameters.
D. Machine Learning Algorithm

While analyzing the control group and the
overweight group using statistical tests, we
found that the linear and nonlinear
parameters of HRV show a big difference.
But the key prediction that could tell the
coolest company became the wuse of
statistical control. Therefore, we have used
a nonlinear machine study algorithm to
detect significant predictions between
weight and control issues. In this test, we
have used nonlinear systems control

algorithms, namely, the Classification and
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Regression Tree (CART) and the Gradient
Boosting Discussion Tree (GBDT).

Both algorithms are used to discover
important predictions. The key predictor
became the use of feature significance
ratings. The importance of features
underscores the importance of each ability.
A feature score of more than 90% is
considered an important predictor. The key
predictive function can be provided as an
input to the ML algorithm, and its overall
performance is evaluated using the

performance matrix.
F. Performance Metrics

Six classification quality evaluation
measures were used, including accuracy,
sensitivity, specificity, accuracy, F1-score,
and the recipient's working characteristic
curves (AUC). These class measures are
calculated using the following confusion

matrix.

Table.1 Confusion Matrix

Actual Value
Positive | Negative
Predicted | Positive | TP FP
Value
Negative | FN TN

ISSN: 2366-1313

Where, TP- True Positive, FP- False
Positive, FN- False Negative, TN-True

negative

Accuracy: Accuracy is the ratio of the
total number of instances of the correct

prediction. Accuracy calculated as follows

T+ TN

ACCurecy = TP+ TN + FP+ FN

Sensitivity:  Sensitivity is used to
determine the portion of the actual positive
instances case classified adequately by the

classifier. Sensitivity calculated as follows

5 tivit i

nsitivity = ————

TR T TPAEEN

Specificity: Specificity is used to know the
ability of classifiers to identify incorrectly

classified negative cases

T AS

Specificity = ————
DECLIAELE, TN + FP

Precision: Precision is an indicator that
defines the true portion of the instances
when predicted to be true. Precision
calculated as follows-

TP

Precision = ———
R T

F1 Score: F1 Score is a harmonic mean of
recall and precision. It must be one for
good performance and zero for the bad
performance of the classification algorithm.

F1 score calculated as follows
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IV.  RESULTS AND DISCUSSION

ML algorithms are used to find the most
important predictor that separates obese
subjects from their control. However,
within the statistical analysis, it was found
that most of the time, domain, frequency
domain, and nonlinear HRV parameters
have decreased significantly but no longer
provided any significant predictions. The
key predictor can be found using the
feature importance perspective, which
provides each feature's significance score.

Feature Significance Rating indicates 0.9

or more than 90% of key predictions.

This test found that the proposed RR, LF:
HF, and HF (ms2) ratios became the most
important predictors. We have taken the
advice of RR and LF: using the CART
algorithm became the main predictor of
HF, while HF (ms2) became the main
predictor obtained using GBDT. We've
used these predictions to input the CART
and GBDT ML algorithms. When we
applied the average RR and LF: HF ratio
as input to the CART algorithm, we found
96.55% 100%
92.86% specificity, 93.75% accuracy, F1
score of 0.96%. AUC of 0.96. When using
HF (ms2) as an input in the GBDT

accuracy, sensitivity,

principle set, we set the F1 rating to 0.93
with 93.10% accuracy, 93.33% sensitivity,
92.86% specificity, 93.33% accuracy, and
AUC of 0.92 . The key predictor indicates
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that the CART and GBDT ML algorithms
can classify overweight and control
subjects with an accuracy of 96.55% and

93.10%, respectively (Table I).

Aloorithm | Important | Feature | AC(%) | SE(%) | SP(%) = PR(%) | FlScore
HRY | Importance
Predictor | Score

ATC

CART | memRR | 083 96.55 100 ng | 9K 096

LEAF 0.4

0.96

GBDT | HE(ms) | 095 10 | B3 92.56 93.00 093

09

This proposed that obesity moderates the
purpose of ANS, as mean RR, HF (ms2),
and LF: HF ratio is condensed in obese
subjects. Thus variations in ANS modulate

cardiac activity.
V. CONCLUSION

In this paper we have tried to provide an
overview of some of the evidence for the
role of HRV in cardiovascular disease risk
and mortality. In the present study, we
have used short-term HRV. Analysis of
obesity and control subjects to study the
effects of Obesity in ANS We has used
real and artificial HRV data. The statistical
results suggest shows a significant
decrease in HRV. Control and parameters
of coarse articles compared to machine
learning algorithms were used to find the
main HRV. The predictor suggests a

change in the statistical results.

Sympathetic  balance due to low
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parasympathetic activity. Furthermore, this
was confirmed by the use of CART and
GBDT. The algorithm which showed a
rating accuracy of 96.55% And 93.10,

respectively.
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