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Abstract: Now-a-days, if you know how to analyze the data and derive conclusions from it, then data becomes extremely
valuable. And the main reason for that is the growing importance of using previous data to predict possible future scenarios with
higher accuracy. We have used a dataset of around 70000 patients having symptoms related to heart diseases along with their
daily activities and medical measurements like heart rate, cholesterol level, blood pressure and used 5 different binary prediction
machine learning models for predicting the chances of a person getting heart related diseases in future based on the values
entered by any person into our program. If you are a beginner in machine learning and you do not know where to begin or how
to use machine learning then this paper will be extremely helpful for you to learn how machine learning works.
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I. INTRODUCTION

As more and more technology is evolving, data privacy debates are also increasing, but along with that data is extremely beneficial to
us, because of the opportunity to predict the future based on historical data and outcomes with an higher accuracy gives us an edge to
be prepared for the upcoming scenarios like the one we are dealing with in this paper. Just think how much more you will take care of
yourselves if you can predict the chances of you being afflicted by a heart disease in future based on your current habits and medical
report? There is an actual possibility that you can even avoid such situation in future if you knew your chances, and that is the actual
power of data.

II. STEP BY STEP PROCESS
A. Developing Generic Program
While implementing different models there was a set pattern of steps which we followed due to which we can make a generic
program which anyone can use to predict the chances of getting a heart disease even with a different dataset and with minimal
knowledge.

B. Importing the Data
Firstly, we imported the dataset and deleted the incomplete or blank data entries.

C. Data Pre-processing
Then we pre-processed each and every input parameter in which we tried to normalize data distribution of each parameter which
basically removes the outliers and helps us improve our prediction accuracy as well.

D. Train Test Split

In this we basically separate the data that will be used for training the model and 20 random testing data entries, so that we can check
whether our model can predict outcomes with accuracy outside of our training data or not and hence avoid over- fitting of the model
on dataset (When testing accuracy and training accuracy are poles apart because the model is too focused on the data that we
provided).

E. Implementing Different Models
Now we basically implement the machine learning model we want to implement.

F. Testing Accuracy of the Model
We will find out both training and testing accuracy (on data which the model has never seen before) of the model.
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G. Trying for real life patients
We will use the model which gives us the highest training and testing accuracy for getting real life patient data and predicting it

III. WHY WE SELECTED THE PARTICULAR DATASET
The dataset we selected contained data points of over 70000 patients which helped us to make accurate predictions. Along with that it
had 11 different parameters which were extremely common, so anyone can use our program. Also, this dataset was genuine because
all other datasets available online were showing weird insights like odds of getting heart disease increase with decrease in age, which
makes no sense. That’s the reason we used this dataset and you can see the parameters in figure 1.

Information about the DataSet:

« Age Final | Objective Feature | Years{int)

« Gender | Objective Feature | 1-Women. 2-Men

« Height | Objective Feature | Cm(int)

« AP _Hi (Systolic Blood Pressure) | Examination | int

+ AP Lo (Diastolic Blood Pressure) | Examination | int

« Cholesterol | Examination | 1:Normal, 2:Above Normal, 3:Well Above
Mormal

«  Gluc (Glucose) | Examination | 1:Normal, 2:Above Normal, 3:WWell Above
Normal

« Smoke | Subjective Feature | 0:No, 1:Yes(binary)

» Alco (Alcohol Intake) | Subjective Feature | O:No, 1:Yes(binary)

« Active (Physical Activity) | Subjective Feature | 0: No, 1: Yes(binary)

« Cardio (Presence of cardiovascular Disease) | Target Variable | 0: Mo, 1:
Yes(binary)

Figure: 1 Parameters in the Dataset

IV. PRE-PROCESSING OF DATA
A. Data Import
You can see the code we used to import our dataset in figure 2.

Importing relevant Libraries

I=perT Auspy A3 np

isport pandas &5 pad

import matplotlib.pyplot as plt

import seaborn as ini

from sklearn.linear _model import LoglsticRegression
from sklearn.linear model imsport LinearRegression

from skiearn.model_selectlon isport traln_test_splic

import statimadels.apl as 48
sng. Let()

Importing the data

raw_dataspd. read_csw('cardl
rane_data, head()

il spgefinel gender height weight ap hl ap by choletssiol gluc smoke alco active cardio

i =] 2 i6e 20 L] £ i 1 ] 1] 1 ]

1 5 1 166 850 140 i, } 1 i}

2 2 ;. i &0 10 T 1 1 ] i ]

33 - ] 20 150 SLE ] 1]

i 4 &5 1 155 0 100 £0 i i ] 0 ] ] I

Figure: 2 Importing the Libraries and Dataset
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B. Normalizing Age Parameter

As you can see in figure 3 that there are only few entries on left most part of part of the graph, so for normalizing what we did is we
eliminated the lowest 0.01 percentile data to make it a normal distribution.

In [12]: ':m.d{stp‘..:-tn;ra.r‘_fd['.n.‘.- -'i'-:.'.';}

12]: matplotlib.sxes. subplots.iwesSubplot at éxdiSScles
313

In [13]:  qerow_fd] "age fimal'].quentile{@.91)
data_l=raw fd[raw fd['sge final"]»q)

In [14]: sns.distplot{data 1f'age final']}

12]: «matplotlib.axes. subplots.AxesSubplot at ewdfbfabar

Figure: 3 Before & After Data Distribution of Age Parameter
C. Height Parameter
As you can see height parameter is evenly distributed as you can see in figure 4, so there is no need of normalizing,.

In [15]: jns.distpl::[rn.r_'Fd[".-'.r'_.'-' ']_|

<matplotlib,axes. subplots. dwesSubplot at Swda®875d:

K

Femagd

Figure: 4 Data Distribution of Height Parameter
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D. Normalizing Weight Parameter
As you can see in figure 5 that the graph is extended from the bottom part on the right, so we simply eliminated top 0.01 percentile
data to make it a normal distribution.

In [15]:  sns.distplotfram_fd[ welight'])

: <matplotlib.sxes. subplots. AxesSubplot st exdd7sd3es

Figure: 5 Before & After Data Distribution of Weight Parameter

E. Normalizing AP_HI Parameter
As you can see in figure 6 that the original graph is extended from both the sides, so, we eliminated both top and lowest 0.01
percentile to achieve normal distribution as shown in figure 7.

In [18]: sns.distplot(raw fd['ap hi'])

[18]: «marplotlib.axes. subplots.AxesSubplot at @xddBe&79>

S e R
O MO0 4000 @O0 MO0 0000 12000 14000 00O
x

Figure: 6 Original Distribution of AP_HI Parameter

In [19]: q=raw_fd[ ap_hi"].q
a_z[dat
ot (dat:

cmatplotlib. axes._subplots.AxesSubplot at ex1@c2lcTér

':’.’il"'! b’i}:‘-

[28]: gerew_fd[‘ep_hi'].qu
data_i-data_3[

8
ata_4[

sns.distplo!

2]: <matplotlib.sxes. subplots.AxssSubplot at @x11298888>

oAb

00 e

Figure: 7 Normalizing AP_HI Parameter
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F. Normalizing AP_LO Parameter
As you can see in figure 8 that the original graph is extended from right side so, we eliminated both top and 0.014 percentile to
achieve normal distribution. Also, this is the last parameter for normalizing as there are no more value based parameters remaining.

In [21]: sns.distplot(raw_fd['sp_lo"])

|: «matplotlib.axes. subplots.ixesSubplot at @wllsbd7fes

2000 A0 [ il B0 10000

In [22]: geraw fd['ap lo’].quantile(e
data_S=data_s[data_s[ "ap_
=ns.distplot(data_5[ "ap_lo

cmatplotlib. axes. _subplots.AxesSubplot at OwddBc7Edr

w

Figure: 8 Before and After Data Distribution of AP_LO Parameter

G. Train Test Split
After data pre-processing and eliminating the outliers we are left with 63228 data entries out of 70000.
Now we are randomly extracting 20 data entries to check out the accuracy after training each model.

Train Test Split

a_train,a_teststeain_test_split{a,test_size=id, shufflesFalse,random_states3fd)

a_train

age final gender height weight ap hi ap lo cholesterol glec smoke alco active cardio

0 50 2 8 B0 10 B0 P 0 0 | i
1 55 1 156 850 140 D 3 1 ¢ 0 1 1
s 52 1 %5 B0 10 W 3 1 6 0 il 1
3 18 20 %% 820 10 100 i 4 6t ¢ ! 1
Fl i {155 S0 100 &0 {1 0 0 0 0
63203 47 1 165 Te0 W0 T 0 0 | 1
63204 61 1 15 TI0 100 8 (T 6 0 ' ]
6105 50 i 68 TS0 120 B i 1 0 0 i i
3206 54 2 142 b0 120 8 1o (| | 1

Figure: 9 Train Test Split Code
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V. MACHINE LEARNING MODELS
After importing the data, removing blank entries, normalizing the value based parameter and applying the train test split we are now
ready to check different machine learning models on our dataset. So, let’s train few machine learning algorithm and check out their

training and testing accuracy.

A. Logistic Regression Model
e Logistic Regression predicts the possible outcomes in binary (0-1), that means it basically predicts the probability of the event
occurring. To get an idea refer to figure 10.
Logistic
Regression

if?xf o Bo+6,.X+..+6,X,)

Figure: 10 Logistic Regression Formula

e Figure 11 below shows the algorithm for implementing the logistic regression model on our dataset.
Logit Regression

In [22]: y=a train| cardio’]
w1l=a_train.drop([‘cardic’],axis=1)

In [23]: = = sm.add constant(x1)
reg_log = sm.Logit(y,x)
results_log = reg_log.fit()

Optimization terminated suvccessfully.
Current function value: @.568958
Iterations &

Figure: 11 Implementing Logistic Regression Model

e Now once the model is trained now we have to calculate the training and testing accuracy with the confusion matrix (A 2*2
matrix which shows how many times the model predicted 0 & 1 when the result actually was 0 and same goes for results which
are actually 1). You can see the algorithm for confusion matrix and training accuracy in figure 12.
Confusion Matrix

In [27]: em_df = pd.DataFrame(results_log.pred_table())
em_df.columns = [‘Predicted 8°, 'Predicted 1°)
cm_df = om df.rensme(index={8: 'Actusl @°,1: Actual 1°})
em_df

Predicted 0 Predicted 1

Actual 0 241750 TosT.0

Actual 1 107280 21200.0

Calculating Accuracy

In [28]: em = np.array(cm_df)
accuracy_train = (cm[@,8]+cm[1,1])/cm. sum()
accuracy_train

Dut[28]: @,.7179787 368687505

Figure: 12 Logistic Regression Training Accuracy Code
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e Now we have to do the same for testing data set.

In [32]: em_df = pd.Dataframe{cafe])
cm_df .columnz = [“Predicted @ Predicte d1']
cm_df = om df.rensoe{index={0: "Actual @',1: Actual 1'})
cm_df
Predicted 0 Predicted 1
Actual 0 70
Actual 1 30 80
Accuracy for Test Data
In [33]: cm = np.array(cm_df)
accuracy_test = (cmf0,@]+cm[1,1])/cm. sum()

accuracy_test

: B.75

Figure: 13 Logistic Regression Testing Accuracy Code
e So, the training accuracy was 71.79% and testing accuracy was 75%.

B. Naive Bayes Classifier Model
e The model is based on Bayes Theorem by assuming that all the predicting parameters are independent as you can see in figure
14.

Class Prior Probability
Likelihood

P(x|c)Plc)
(el)=25
Pasterior Probability Efa.a‘clc-'ﬂlo' Probabilty

*P(c|x) is probability of class(c, target) given
predictor(x, attributes).

*P(c) is probability of class.
*P(x|¢c) is probability of predictor given class.
*P(x) is the prior probability of predictor.

Figure: 14 Bayes Theorem Formula

e  Working: First the dataset is converted into frequency table and a likelihood table is created by finding the probabilities. Then
Naive Bayesian equation is used to calculate posterior probability for each class and the class with highest probability becomes
the prediction outcome.

e  Figure 15 below shows the algorithm for implementing the Naive Bayes Classifier model on our dataset.

MNaive Bayes Classifier Model

y_testwa_test] " cardic’)

[38]: gob = GaussianME()
nb=gnb._fit(x1,y)

Figure: 15 Implementing Naive Bayes Classifier Model

e Now, we have to find the training and testing accuracy the same way we did in logistic regression, once the model is
implemented. And we found the training accuracy to be 70.62% and testing accuracy to be 66%.
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C. Decision Tree Model

e The model is basically a supervised machine learning model where the outcome is continuously according to a certain
parameter.

e There are three parameters of decision tree: Nodes (Testing for certain attribute’s value), Edges (Shows test outcome and
connects the next node), Leaf Nodes (Nodes that shows the final outcome). To get a better idea of a decision tree refer to figure
16.

Is a Person Fit?

Age<307?

Ves?/\No?
.

Eat'salot Exercises in
of pizzas? the morning?

Ves?/\No? Yes?/\mo?

Unfit! Fit Fit Unfit!

Figure: 16 Decision Tree

e Figure 17 below shows the algorithm for implementing the Decision Tree model on our dataset.
Decision Tree Classifier Model

n [84]: y=a_train[‘cerdiz’]
x1=n_train.drop([ o' ],anis=1)
x_test=p_test.drop([’cardic’],axis=1)
y_test=a_test['cardic"]

[85]: €lf = tree.DecizionTreaClassifier()
€lf = elf.fit(xl.y)

Figure: 17 Implementing Decision Tree Classifier Model
e The training accuracy for this model was 97.08% and testing accuracy was 62%.

D. Support Vector Machine (SVM)

e It is a supervised machine learning model which can be used for both problems that is regression and classification. For our
application we need classification.

e The main objective of the model is to find an optimal hyper plane in an N-dimension space (N: number of features) that
properly and distinctly classifies the result of our target variable.

e  When there are two classes of features, there are many probable hyper-planes that divide both of them and what we want is
maximizing the margin distance that is distance between data points of both target variable which provides more confidence
while classifying future data points. To understand in detail refer to figure 18.

X 0 5| . 0

. 0 e
g\
D D D D .~\ Maximum,
\\/margin
0 =
Xy ) X,

Figure: 18 Possible and Optimal Hyper-Plane
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e  Figure 19 below shows the algorithm for implementing the SVM model on our dataset.
Support Vector Machine (SVM) Model

In [27]: y=a_train{'cardio’]
x1=a_train.drop(['cardio’],axis=1)
x_test=a_test.drop(['cardio’],axis=1)
y_test=a_test[‘cardio']

In [28]: swm=LinearSVC(C=0.0021)
swm. fit(x1, y

Out[28]: LinearsSVC(C=0.2001)

Figure: 19 Implementing Support Vector Machine Model

e Setting the regularization parameter C at 0.0001 helps us increase the quality of prediction and decrease over-fitting
e  The training accuracy for this model was 70.48% and testing accuracy was 68%.

E. Random Forest Classification Model

e [t basically consists of a huge number of individual decision tress that operates together.

e Each tree in random forest gives out a class prediction and prediction with most votes becomes the result of our model’s
prediction.

e [t basically uses bagging and randomness feature which tries to create a forest of trees that are completely uncorrelated which
increases the accuracy of our model prediction.

e The most important key to accurate results is low correlation between models.

Predict 1 Predict 0 Predict 1
i ==
{ . r —
S B0 ES
T ok s sh o oh o o
Predict 1 Predict 1 Predict 0
Predict 1 Predict 1 Predict 0

Figure: 20 Random Forest Model

e Figure 21 shows the algorithm for implementing the Random Forest model on our dataset.

Random Forest Regression

In [22]: y=a_teadn['cardio’]

%l .l_':raiﬂ.drnpf[ :.*..':I::'].a:-ci: 1}
¥_testea_test.drop|[ cardia’ ], axis-1)
y_testsa test['cardia’]

In [23]: from sklesrn.ensenble import RandomForestRegressor

rEgresson naﬁﬂwDI“!SF;!!EI'QHGN:H_ES“HH’5 12, randos_state-9)
regressor. fit{xl,y)

RandomForestRegressor(n_estimatorse20, random_stotesd)

Figure: 21 Implementing Random Forest Model

e  The training accuracy for this model was 96.48% and testing accuracy was 80%.
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VI. CONCLUSION
A. Accuracy Comparison

Sr Prediction Model Training Testing
No: Accuracy Accuracy

1 Logistic Regression 71.79% 75%

2 Naive Bayesian 70.62% 66%
Classifier

3 Decision Classifier 97.08% 62%

Tree

4 Support Vector 70.48% 68%
Machine

5 Random Forest 96.48% 80%

Classification

Table: 1 Accuracy Comparison

B. Our Insights

e As we can see from the table 1, even though over-fitting is slightly evident in Random Forest Classification Model, but it
provides the best accuracy in comparison to all other models for this particular dataset.

e The highest over-fitting is noticed in Decision Tree Model and the lowest is seen in Logistic Regression, Naive Bayesian
Classifier and Support Vector Machine.

e Finally for our scenario of predicting heart disease possibility the most suitable model is Random Forest.
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