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Abstract:

The cardiovascular system is an significant system which
transports various metabolic essential substances to the
body and excretes respiratory metabolites from the body
to maintain the basic needs of the human. Cardiovascular
disease is a widespread disease with a high mortality rate,
which poses a great threat to the health of the population.
This study analyzed data from the Behavioral Risk Factor
Monitoring System (BRFSS) to build a predictive model to
assess which behavioral factors are strongly associated with
cardiovascular disease. The data included 13,210 clinical
samples and 11 variables such as Exercise, Smoking-
History. The target variable is whether the patient has
been diagnosed with heart disease. In this study, a logistic
regression model was used to process the data of BRFSS. It
was concluded that the incidence of cardiovascular disease
was positively associated with age, history of smoking,
having other cancers and having depression, while fruit-
consumption and exercise had an inhibitory effect on the
incidence of cardiovascular disease. The accuracy of the
training set was about 95.95% and the prediction results
of the model were found to be acceptable after fitting. In
order to better predict the association of heart disease with
behavioral factors, more comprehensive clinical data and
more advanced analytical techniques are needed. This
model provided assistance for studying the induction of
heart disease by behavioral factors.
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1. Introduction

transports various metabolic essential substances to
the body and excretes respiratory metabolites from

The cardiovascular system is a circulatory systfam the body [1]. Because the cardiovascular system is
composed of the heart and blood vessels, which  rcial to preserving the human body’s regular op-



eration and blood flow, researchers have looked at it in
great detail. The most recent statistics available from the
World Health Organization indicated that cardiovascular
diseases (CVD), a group of illnesses that widely distrib-
uted around the world, were the world’s leading cause of
death, with an estimated 17.9 million fatalities each year
[2]. In other related studies, Predicting cardiovascular dis-
ease (coronary heart disease and stroke) in adults aged 35-
84 years from 2010 to 2030 using the Markov Computer
Model-China. With the same level of risk factors, a 50%
increase in the cardiovascular events per year was pro-
jected between 2010 and 2030 based solely on population
ageing and growth [3]. Cardiovascular diseases are widely
distributed worldwide, with high morbidity and mortal-
ity, and are an urgent public health problem that affects
everyone. Therefore, finding the risk factors for the onset
of cardiovascular disease and discovering the degree of
effect of each factor on cardiovascular disease is an effec-
tive measure to help the public prevent the disease.

A study conducted by Aljefree indicated that there were
two groups of risk factors for coronary heart disease and
stroke, behavioral risk factors (diet, physical activities,
and smoking) and metabolic risk factors (diabetes, hyper-
tension, obesity, and dyslipidemia) [4]. For the metabolic
risk factors, the researchers found that hypertension was
the most significant risk factor for all stroke subgroups [5].
Yusuf conducted a structured questionnaire survey, which
utilized logistic regression analysis on the risk factors (hy-
pertension, diabetes) and social-psychological factors (de-
pression, control points, perceived stress and life events)
in the case and control groups. A factor for intracerebral
hemorrhagic stroke has more potent risk than ischemic
stroke and particularly significant in people of 45 years
or younger and Social-Psychological factors, abdominal
obesity, diabetes, were the equal leading hazard factors in
people [6].

In terms of the cognition and prevention of cardiovascular
diseases, most people pay more attention to various met-
abolic indicators such as hypertension, obesity, diabetes
and dyslipidemia. However, people’s behavioral factors
(diet, smoking, physical activity) are more likely to de-
termine the trend of various metabolic indicators in daily
life. Diet is one of the most widely differentiated behav-
ioral factors. The correlations between intake of a variety
of vegetarian dishes and the prevalence of cardiovascular
disease events and death were examined using Cox frailty
models with random factors. According to Miller’s age
and sex adjusted analyses, more vegetarian dishes intake
was linked to a decreased prevalence of morbidity and
mortality in major cardiovascular diseases, as well as in
various branches of this type of disease [7]. In addition to
behavioral factors such as diet, Smoking is a behavioral
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factor that is widely considered profitless to the body, and
researchers have found a relationship between smoking
behavior and cardiovascular disease. Cigarette smoke ex-
posure (CSE) might show up as a clinical symptom any-
where in the range of CVD. The oxygen demand of cardi-
ac muscle is increased by CSE, which delays the onset of
angina. Cigarette smokers have multiple times the chance
of having Myocardial ischemia and hypoxia as compared
to nonsmokers. Both past and present smoking can raise
the probability of heart abnormal pumping by up to 33%
to 93% when compared to lifetime nonsmokers [8]. One
of the major global causes of acute myocardial infarction
(AMI), particularly among men, is tobacco abuse. Reduc-
ing tobacco use can be an effective prevention of these
diseases [9]. Physical activity is a distinguished behavioral
factor in the daily life. According to new research and rec-
ommendations, developing an effective exercise program
and putting it into practice can be effective in preventing
all types of CVD [10].

This article utilized the correlation between behavioral
factors (diet, smoking, physical activity) and the preva-
lence of cardiovascular diseases. On this basis, this article
utilized logistic regression analysis to find out the pre-
ventive and induced behaviors among behavioral factors.
This can improve the public’s awareness of the correlation
between behavioral factors and cardiovascular diseases,
promote individual behaviors for effective prevention.

2. Methods

2.1 Data Source

The data for this article came from the Kaggle website,
compiled by Alphiree in The Behavioral Risk Factor Sur-
veillance System (BRFSS), which selected 19 behavioral
factor variables that may contribute to cardiovascular
disease from 304 unique variables, and was updated and
published in 2023. There are no missing values in this da-
tabase.

2.2 Variable Selection

The database in this article had a sample of 308856 in-
dividuals, and 78% of the participants reported having
undergone a health screening within the past 1 year. This
article used data from the population who have undergone
health check-ups in the past year, with a total of 239371
people, including people with and without cardiovascu-
lar disease, 109443 males and 129928 females. The data
excluded people with diabetes, skin cancer, and Arthritis.
In this paper, a random sample of six age groups was con-
ducted, and the final sample size was 13210. The sample
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population ranged in age from 18 to 80 years old. The data
consisted of 11 variables (Exercise, Gender, Age-Catego-
ry, Smoking-History, Alcohol-Consumption, Fruit-Con-
sumption, Green-Vegetables-Consumption, Other-Cancer,

Fried Potato-Consumption, Depression, General-Health).
In this article, the gender variable was treated as a dummy
variable, and the other variables were shown in Table 1.

Table 1. Different types of variables

Logogram Term Type Range
Age-Catedor Cateqorical 0- 18~29, 1- 30~39, 2- 40~49, 3- 50~59, 4-

X ge-atedory g 60~69, 5- 70~79

X, Gender Categorical Female , male

0- Excellent, 1- Very Good, 2- Good, 3-
X, General-Health Categorical Y ' ’
Fair, 4- Poor

X, Smoking-History Categorical 0- false, 1- true

Xg Alcohol-Consumption Numeric 0 to 30 oz.av/day

Xg Fruit-Consumption Numeric 0 to 120 g/day

X, Fried Potato-Consumption Numeric 0 to 128 g/day

Xg Green-Vegetables-Consumption Numeric 0 to 128 g/day

Xg Exercise Categorical 0- false, 1- true

X0 Other-Cancer Categorical 0- false, 1- true

X, Depression Categorical O-false, 1- true

Y Heart-Disease Categorical 0- false, 1- true

2.3 Research Protocol

The relationship between the effects of X and Y, and the
association of 10 factors on cardiovascular disease, was
examined in this article using a logistic regression model.
The dependent variable (Y) in this model was the pres-
ence or absence of heart disease, while the independent
variable (X) was the 10 factors. A logistic regression mod-
el that predicted the results of the diagnostic process was
fitted using each variable. The expression for a logistic
regression model is:

_ exp(ﬁo + :lel + ﬂzxz +- 'ﬂmxm)
1+ eXp(ﬂo + B+ BoXo +oo BuXy)
In this formula, g, is constant term, f,, 5,,---, 3, are par-
tial regression coefficients. Perform a logit transformation

)

on f(x)=$, then L(p)=I ﬁ So, the logistic

regression model can be registered in the following linear
form:

Inﬁ:ﬂo+ﬂlxl+ﬁ2x2+...+ﬂmxm 2

3. Results and Discussion

3.1 Descriptive Analysis

In order to visually understand their numerical variable,
this article used a histogram to describe 10 behavioral
factors that may affect the prevalence of cardiovascular
disease, of which 4 factors were Numeric variables with
very different distributions.

The figure 1 was the histogram of the Alcohol-Consump-

tion(x,) level of the sample. x, was most frequent in the

0-5 oz.av/day range. High blood pressure was common in
patients. So this was a skewed distribution.
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Fig. 1 The histogram of Alcohol-Consumption (X;)

The figure 2 was the histogram of the Fruit-Consumption were in the range of 0 to 40 g/day, and there was a high

(%) level of the sample. Most of the intake levels of X, frequency of 60 g/day.

Fig. 2 The histogram of Fruit-Consumption(x,)
The figure 3 was the histogram of the Fried Potato-Con-  consumption, and the data was approximately normally
sumption (x, ) level of the sample. For the x,, most of the ~ distributed.

samples were located at 0-20g/day, which was at a low
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Fig. 3 The histogram of Fried Potato-Consumption (x,)

The figure 4 was the histogram of the Green-Vegeta-
bles-Consumption (%) level of the sample. Most of the
data for X were located at 0-20g/day, indicating that the

consumption of vegetables in the sample was relatively
balanced.

Fig. 4 The histogram of Green-Vegetables-Consumption (X;)

3.2 Exploratory Analysis

As shown in Table 1, there were 4 continuous predictors
and 7 categorical predictors in the database. Equilibrium
was reached after random sampling. In this database, the

four continuous variables (x,x;X;X;) were all behavioral

factors such as diet. In order to prevent the four variables
of the same type of behavioral factors from having a
strong correlation and causing a large bias to the research
results, it was necessary to use the Pearson correlation to
determine the linear correlation degree of these variables
before fitting the model.

The definition of Pearson correlation is the following:
the covariance (X,Y) between two continuous variables

divided by the product of their respective standard devia-
tions (o X,oY) yields the Pearson correlation coefficient
Py y of those variables. The coefficient’s value is always

in the range of -1.0 to 1.0, with variables around 0 being
thought to be uncorrelated and those near 1 or -1 to be
significantly correlated. The following is its formula:

XY - ZXNZY
e T

In this paper, the above four variables were visualized
by using the heat map, and the correlation strength of the

Pxy = (3)
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variables was judged by combining the value range of tained.
Pearson correlation. Thus Figure 5 and Table 2 were ob-
Table 2. Linear magnitude relationship of Pearson correlation
. Coeflicient, r
Strength of Association — -

Positive Negative
Small 0.1t00.3 -0.1t0-0.3
Medium 0.3t00.5 -0.3t0-0.5
Large 0.5t01.0 -0.5t0-1.0

Fig. 5 Correlation plot among continuous variables

As shown in Figure 5 and Table 2, there was no strong
positive correlation between these continuous variables,
suggesting that there was no collinearity between these
four variables. Therefore, these four variables did not
interact with each other to produce large biases and can
appear in the same model.

3.3 Logistic Regression Results

For binary Logit regression analysis, the independent vari-
ables were X, X5, X,, X5, Xg, X7, Xg, X9, X3, X, @Nd the depen-

dent variable was Y. The independent variable screening
method used was a stepwise, step-by-step approach. Once
the model was automatically identified, the final remain-

iNg X, Xy, Xg, Xg, X0, X;, Were a total of 6 items in the model.

As the above table shows, 13210 samples were included
in the analysis, and no missing data was found. Since the
p-value in Table 3 was less than 0.05, the model was con-
sidered viable.

Table 3. The results of likelihood ratio test of the binary Logit regression model

Model -2x log-likelihood Chi-square df p AIC value BIC value
Intercept only 4478.949
Final model 3916.088 562.861 6 0.000 3930.088 3982.509
Table 4. Summary of binary Logit regression analysis results
item Regression coefficients standard error Z value Wald %2 p value | OR value OR value 95% CI
X1 0.658 0.038 17.152 294.189 0.000 1.930 1.790 ~ 2.081
X4 0.520 0.092 5.628 31.670 0.000 1.683 1.404 ~2.017
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item Regression coefficients standard error Z value Wald y2 p value | OR value OR value 95% Cl
X6 -0.006 0.002 -3.132 9.811 0.002 0.994 0.990 ~ 0.998
Xo -0.520 0.101 -5.122 26.239 0.000 0.595 0.487 ~0.725
X10 0.284 0.137 2.064 4.259 0.039 1.328 1.014~1.739
X11 0.391 0.116 3.363 11.311 0.001 1.479 1.177 ~1.858
Intercept -5.704 0.216 -26.376 695.703 0.000 0.003 0.002 ~ 0.005

Note: Dependent variable =Y
McFadden R* = 0.126

From the table 4, it can be seen that the formula of the
model was:

P
In—— =-5.704+ 0.658x, + 0.52x, —0.006x, —0.52
l— p Xl 4 6 X9 (4)

+0.284x,, +0.391x,

The results show that x,x,X,,X,;; have a significant positive

impact on Y, and x,X, have a significant negative impact

on Y. In table 5, as shown, this training set model was
about 95.95% accuracy rate. There was a problem of sam-
ple difference in true value, where the number of people
with heart disease and the number of people without heart
disease exceed the 10% range. As a result, the sample
with heart disease has 0.00% predictive accuracy.

Table 5. Training set model evaluation results

Predicted value . -
0 1 Prediction accuracy Prediction error rate
0 12675 100.00% 0.00%
True value
535 0.00% 100.00%
Summary 95.95% 4.05%

The fitted model underwent testing. The Hosmer-Leme-
show fit test was utilized in table 6 to assess the model’s
goodness of fit. The model test initial presumption was
that the observed value and the model’s fit would co-

incide. Table 6 showed that he p-value was higher than
0.05 (Chi=6.016, p=0.645>0.05), indicating that the first
hypothesis-that was, the model good goodness of fit and
passing the HL test was accepted.

Table 6. Testing set model evaluation results

Hosmer-Lemeshow fit test

x2

Degree of Freedom df

p value

6.016

0.645

4. Conclusion

In this article, the step-by-step method was used to se-
lect several behavioral factors that have a greater impact
on cardiovascular disease as predictors, and the logis-
tic regression was used to fit the statistical model. This
study shows that the Increasing Age, Smoking-History,
Other-Cancer, Depression have a positive stimulating
effect on cardiovascular disease, and Fruit-Consumption,
Exercise have an inhibitory effect. The accuracy of both
the test set and the training set was above 90%. Enhance
public awareness of the behavioral factors that predispose
to cardiovascular disease, and increase fruit intake and

exercise time in daily life. This can better help the public
to prevent or improve the harm caused by cardiovascular
diseases.

However, there are some limitations to this study. Data
imbalances that occur during data acquisition can affect
the reliability of the results. In the future, research needs
to collect more clinical data and include more behavioral
factors in the analysis. It will also use more advanced
models to analyze potential interactions and nonlinear ef-
fects between variables.
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