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Abstract

The human brain is unquestionably the most complex organ in the body and is
acknowledged as the body’s control station. The wellness of this control station is depends
on several human related factors. The uncontrolled behavior of this factors may cause brain
stroke. In this study, survey data from 24,400 brain stroke patients are considered, along
with important possible confounders such as age, gender, hypertension, heart disease, sugar,
BMI, and smoking. Initially the association with this parameters with stroke were tested.
Regression analysis was then performed to produce the projected model based on the data
and its accuracy was tested.
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1. Introduction

The WHO estimates that low- and middle-income nations experience
eleven million brain strokes annually. This causes four million fatalities
annually and leaves around 30% of survivors with significant disability.
The 70% of survivors who fully recover from a stroke have a significantly
increased risk of getting another one [1].

Strokes fall into two primary groups.l) Hemorrhagic stroke 2)
Ischemic stroke. A ruptured blood vessel that results in bleeding into the
brain is the cause of hemorrhagic stroke. An ischemic stroke occurs when
a portion of the blood supply to the brain is restricted or obstructed,
depriving the brain’s tissue of oxygen and nutrients. Transient ischemic
attacks, which are brief stops in blood supply to the brain, can happen to
some patients (TIA).

Most typical signs of a stroke are vision loss or fading in one or both
eyes, face Numbness / weakness in one side of the body’s arm or leg ,an
inability to hear or talk to other individuals, an unexpected, severe
headache with no apparent cause , loss of balance or an unsteady gait.

Brain stroke is associated with a number of risk factors, including
obesity and being overweight, using illicit drugs, binge drinking or
drinking excessively [2], elevated blood pressure, smoking cigarettes,
elevated lipids, Cardiovascular illness, cardiac defects, infections of the
heart, or irregular heartbeat, COVID-19 infection, age, sex, familial or
personal history of transient ischemic attack, heart attack [3].

2. Methodology

In this study’s data from 24400 patients are used to prediction model,
which takes into account the following key risk variables for stroke.
Gender (z,), Age (z,), Hypertension (z,), Heart diseases (z,), Body Mass
Index (z;), Diabetics (z,) and Smoking (z,). These variables are expressed in
numbers or nominal form. Age, body mass index, and diabetes are
recorded in numerical form, while information on the parameters of
gender, hypertension, heart disease, and smoking is obtained in nominal
form. Here dependent variable consider as stroke which is dichotomous,
if the patient has had a stroke, the dependent variable can be coded as y=1;
otherwise, it can be written as y=0.i.e.

B {1, Patient have a stroke

0, Patient did not have a stroke
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This output is based on following parameters defined below:

i)

i)

iii)

iv)

vi)

Gender (z,): Compared to men,women are more likely to die from
stroke[4-7]. z, is specified as 1 for males and 0 for females in the
prediction model.

Age (z,): Vasodilatation, or the narrowing of blood arteries that
provide oxygen to the brain, has compounding consequences with
age. Additionally, a lack of activity can compromise cardiovascular
health and raise the risk of blood clots, which can result in a heart
attack or stroke. Age, unfavorable lifestyle choices, and lack of
exercise can cause blood vessels to thicken and stiffen, which can
impede blood flow throughout the body. Atherosclerosis, a sort
of arteriosclerosis, is caused by the fatty deposits substances and
cellular debris. These could do so partially and result in a blood
clot that also stops blood vessels, or they can completely or partially
block blood vessels [8-10].

Hypertension (z,): One of the most important things you can
do to reduce your chance of having a stroke is to manage your
hypertension. A second TIA or stroke can be avoided by decreasing
blood pressure. [11-12].In the model, (z,) is defined as 1 for patients
with hypertension and 0 for those without.

Heart Diseases (z,): Arrhythmia may develop, depending on which
part of the heart is damaged. This often stops blood flow to the brain
and causes a stroke. Here, the parameter (z,) is shown in nominal
form, with values of 0 and 1 corresponding to having and not having
heart disease, respectively.

Body Mass index (z;): For both men and women, obesity and
being overweight increased the risk of ischemic stroke and stroke.
Additionally, hemorrhagic stroke risk was higher in men who were
underweight, overweight, or obese. [13-17]

Diabetes (z,): Diabetes raises your chance of a stroke, which can
damage your brain and leave you disabled or even dead. Individuals
with diabetes are twice as likely to get a stroke compared to those
who not. Additionally, diabetes might hinder your body’s ability to
recover from a stroke. [18].

vii) Smoking (z,): It was discovered that smoking tobacco is directly

responsible for 25 percent of all strokes. While utilizing nicotine
replacement products (like as gum, patches, or e-cigarettes) might
raise the risk of stroke, smoking conventional cigarettes still wreaks
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havoc on the respiratory system. As a vasoconstrictor, nicotine
increases the risk of blood clots. For both smokers and non-smokers
exposed to second hand smoke, smoking increases the risk of stroke.
The risk of stroke is reduced by giving up smoking [19]-[20]. The
stroke parameter is defined as follows: 0 for no smoking habit and 1
for a smoking habit.

The likelihood that the patient would experience a stroke was
calculated using logistic regression by the supplied set of values for the
selected independent factors.

The predicted result for multiple regression analysis is then E(y)
given by (1), which stands for the probability that the subject would
experience a brain attack.

E(y)=b,+bz +b,z, +b,z, +b,z, +b.z, +b,z, +b,z, (1)

by+byz) +b,2z, +b325+b 2, +bs 25 +be 2 40,2,

e

E(y)=P(y=1z,,z2,,2,,2,,2:,2,,2,) = (2)

by +byz)+,2, +b325+b, 2, +b525+b 2 +D, 2,

l+e

The Chi test with a 0.05 significance level was used to examine the
relationship between stroke and gender, age, hypertension, heart disease,

Table 1 Table 2
Stroke with gender Stroke with Hypertension
Observed Cases: Observed Cases:
ngzl:l: Column Labels Grand Sctzzl;: Column Labels Grand
LI:(;:;S 0 1 Total LIa{g:;S 0 1 Total
0 5419 8587 14006 0 13399  |607 14006
1 5583 4811 |10394 1 4860  |5534 10394
Total 11002 13398 |24400 Total 18259  |6141 24400
Expected cases: Expected cases:
0 6315.33 7691 |14006 0 10481 [3525.04 (14006
1 4686.67 5707 10394 1 7778.04 2615.97 (10394
Total 11002 13398 24400 Total 18259 (6141 24400
1Czhol square = 2.7131E- |Reject nuu Chi square < alpha Reject nu%l
< alpha hypothesis hypothesis
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and smoking habit. The alternative hypothesis asserts that there is a
relationship between stroke and the designated independent variable,
while the null hypothesis states that there is no linkage between the two.
And if the p-value is less than 0.05, the hypothesis is considered to be false.
Otherwise, it will be approved. The following Table 1-4 shows the
association of stroke with independent variables.

Table 3 Table 4
Stroke with Heart Disease Stroke with Smoking
Observed Cases: Observed Cases:
Stroke Column Labels Stroke Column Labels
Count Grand Count Grand
Row Total Row Total
Labels 0 1 Labels 0 1
0 13709 297 14006 0 7704 6302 | 14006
1 6867 3527 10394 1 4546 5848 | 10394
Grand | 50576 | 3824 | 24400 | ST | 12050 [ 12150 | 24400
Total Total
Expected cases Expected Cases
0 11811 599 14006 0 7032 6974 | 14006
1 8765 1629 10394 1 5218 5176 | 10394
Grand | o576 | 3824 | 24400 | ST 12250 | 12150 | 24400
Total Total
Chi square Reject null Chi Square = Reject null
< alpla hypothesis 7.20569E-68 < alpha |hypothesis

Since the null hypothesis is consistently rejected, the chi square value
for each table shows that there is a relationship between the stroke and the
specified independent variables. The strength of the correlation of the
stroke with Glucose, BMI and Age can be also found by using correlation.
The Table (5) shown the correlation between stroke and glucose.

Table 5

Correlation with Glucose

Stroke No. of | Sum of Mean | S4™ of all Ay Standard | Correlation
entries | entries entries (y) y Deviation (R)
1 10394 | 1731633 | 166.5677

0 14006 | 1370378 | 97.84219

3101845 | 482570364 | 60.154039 | 0.565089
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With the rule for R values that if its value is in interval 0< 0.1, 0.1< 0.3,
0.3< 0.5, 0.5< 0.7, 0.7< 1 then Correlation’s strength is Not correlated,
Poorly Association, Average Correlation , Strong Correlation, Very strong
association respectively ,it was found that the Stroke and Glucose is
strongly correlated.

After finding association, the listed below terms are used to predict
strokes:

i) Likelihood: The likelihood function shows the possibility that a
random variable will be generated given a specific set of statistical
parameter values.

ii) Odds: The odds ratio represents the likelihood that a patient will
experience a stroke relative to their non-occurrence.

P(y=1zy,25,23,24,25,2¢ ,2
Odds = PW=12122,25,24,25,%6,77)
P(y=0zq,25,23,24,25,26 ,27)

Probability that the person will have a stroke in terms of odd is given
by
Odd

Probability of stroke = T0dd

Using observations from 24400 patients and a cutoff value of 0.5, the
projected mathematical model was determined to be

y=-5.79781+0.86257z, +0.018353z, +4.708578z, +3.951188z, +
0.032222z, +0.04262z, +0.957562z, (3)

2.1 Testing of Model (3)

The confusion matrix from (3) is obtained in Table (6)

Table 6

Confusion Matrix

Predicted cases

0 1 Total
0 12925 1081 14006
Actual cases
1 267 10127 10394
Total 13192 11208 24400
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Table 7
Accuracy, precision, and recall levels for various cutoff values
Cut off | Accuracy | Precision | Recall g;lft Accuracy | Precision | Recall
0 0.43 0.43 1 0.5 0.93 0.91 0.94
0.1 0.87 0.76 1 0.6 091 091 0.87
0.2 0.93 0.86 1 0.7 0.87 0.91 0.79
0.3 0.94 0.89 0.99 0.8 0.83 0.91 0.67
0.4 0.98 0.9 0.97 0.9 0.78 0.92 0.54

The model provided by equation (1) was determined to be 94.48%
accurate. The Precision, which is the proportion of correctly predicted
stroke cases to all anticipated stroke cases, was discovered to be 90.36%.
The Recall measures the proportion of patients who were correctly
predicted to have strokes to those who actually experienced them. This
recall rating of 97.43% demonstrates how accurate the model is at
identifying stroke patients.

It was discovered that cut off values affect the metrics Accuracy,
Precision, and Recall. Below is a Table (7) that shows how Accuracy,
Precision, and Recall relate to various cut-off levels.

According to a comparison shown in Figure 1 of these three metrics
based on various cut off values, The accuracy rises with increase in cut off
up to 0.4, at which point it decreases with increase in cut off, As the cut-off
value increases, the precision also does while the recall value decreases.

With a cut-off of 0.4, it was found that the false positive (FP) and true
positive (TP) rates were, respectively, 0.077181 and 0.9743. The TP rate
gauges how many patients are properly projected to have a stroke
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Figure 1

Relation between Accuracy, Precision, Recall for different cut off
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compared to how many do, whereas the FP rate gauges how many patients
are wrongly predicted to have a stroke compared to how many do not.
Table (8) gives changes in TP and FP for various values of cut off and the
graph in Figure (2) illustrates the relationship between true positive and

false positive results.

S.R. PIDURKAR AND S. RAUT

Table 8

TP and FP values for different values of cut-off.

CUT OFF Fp P
0.04 0.54
0 1 1
0.1 0.23 1
0.2 0.12 1
0.3 0.09 0.99
0.4 0.08 0.97
0.5 0.07 0.94
0.6 0.07 0.87
0.7 0.06 0.79
0.8 0.05 0.67
0.9 0.04 0.54
12
1
08
06
04
02
5 ¢ * * * * ———o
0 o1 02 03 04 05 06 07 08 09

From the aforementioned factors of TP, FP, and accuracy, we determine

——FP ——TP

Figure 2

Region of Convergence

the projected model’s cut off value to be 0.4.
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3. Results

The predicted model (1) of the stroke is created using logistic
regression based on seven independent parameters that induce a stroke
and whose data is in the form of nominal and numerical form. The model
was evaluated using several cut-off values ranging from 0 to 1 for true
positive and false positive rates, and it was ultimately determined the
model has the maximum accuracy of 94.48% for a cut-off value of 0.4 for
stroke prediction, according to the calculations. Moreover, the primary
cause of stroke was shown to be hypertension, followed by heart disease.

4. Conclusion

On the basis of seven independent factors, including gender, age,
hypertension, heart disease, body mass index, sugar, and smoking habit, it
was shown that the aforementioned projected model provides close to
95% accurate prediction of stroke.
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