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Abstract— In this paper, a new study based on machine 
learning technique, specifically artificial neural network, is 
investigated to predict the systolic blood pressure by correlated 
variables (BMI, age, exercise, alcohol, smoke level etc.). The raw 
data are split into two parts, 80% for training the machine and 
the remaining 20% for testing the performance. Two neural 
network algorithms, back-propagation neural network and 
radial basis function network, are used to construct and validate 
the prediction system.  Based on a database with 498 people, the 
probabilities of the absolute difference between the measured and 
predicted value of systolic blood pressure under 10mm Hg are 
51.9% for men and 52.5% for women using the back-
propagation neural network.  With the same input variables and 
network status, the corresponding results based on the radial 
basis function network are 51.8% and 49.9% for men and 
women respectively. This novel method of predicting systolic 
blood pressure contributes to giving early warnings to young and 
middle-aged people who may not take regular blood pressure 
measurements.  Also, as it is known an isolated blood pressure 
measurement is sometimes not very accurate due to the daily 
fluctuation, our predictor can provide another reference value to 
the medical staff. Our experimental result shows that artificial 
neural networks are suitable for modeling and predicting systolic 
blood pressure. 

Keywords— Systolic blood pressure; artificial neural network; 
prediction; hypertension. 

I. INTRODUCTION 

Hypertension, or high blood pressure, indicates that the 
force of blood flow in the arteries is higher than normal, and 
this condition may cause many serious consequences.  Recent 
studies have shown that hypertension relates to many diseases 
including stroke, loss of consciousness, memory loss, heart 
attack and damage to eyes and kidneys [1-5]. Monitoring of the 
blood pressure levels is usually a routine for elderly citizens. 
However, for many adults, measurement of blood pressure is 
not regularly carried out.  Yet, early detection will help them to 
get rid of the cardiovascular risk for heart disease later in life.  

For most people with hypertension, there are often no signs 
or symptoms even if their blood pressure readings have already 
reached an emergent level.  Early detection or prediction is 
highly desirable for uncontrolled high blood pressure increases 
the risk of serious health problems such as heart attack and 
stroke.  It is well-known that the blood pressure measured in a 
clinic may fluctuate and vary a lot within a day. Fig. 1 shows 
the measurement readings of blood pressure of an adult woman 

over a 24-hour period without any medication [6]. Another 
reference [7] also states that the blood pressures are usually 
lower when asleep, and it rises during the day and reaches a 
peak value in mid-afternoon. Then, blood pressure begins to 
drop again. It is interesting to note that blood pressure during 
sleep could be 20% lower than during the day. 

Fig. 1. Blood pressure measurement over a 24-hour period 

This paper aims to develop a method for predicting the 
systolic blood pressure of a person given some health 
measurements and lifestyle of the person. Fig. 2 shows that an 
artificial neural network can be used to predict the systolic 
blood pressure when the input variables (e.g. age, gender, 
height, weight, stress and exercise levels) are provided.  

Fig. 2. Predicting method without taking blood pressure measurement 

Assuming that the predicted value is larger than the 
hypertension alarm value (e.g. more than 140 mmHg for a 
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person of aged 54), warming information will be provided to 
the user.  It must be noted that a normal blood pressure range 
would depend on the age group of a person. 

Another scenario on the usefulness of the blood pressure 
predictor is as follows. Suppose the person provides all the 
relevant information for the neural-network-based blood 
pressure predictor, and his blood pressure measurement is also 
taken (Fig. 3).  Suppose the measured value seems normal, but 
the predicted value is at an alarming value, the person would be 
recommended to double check on his blood pressure.  For 
example, the measured value is 134mmHg for a person of aged 
54, but the predictor gives a value of 150mmHg.  The 
relatively low value of his systolic blood pressure measurement 
could be inaccurate due to the daily frustration or an unknown 
reason.  In such a situation, the person should double check and 
is advised to have further measurements of his blood pressure. 

Fig. 3. Predicting method with blood pressure measurement 

In this paper, the machine learning method of artificial 
neural network is used to learn the relationship between the 
correlated variables (BMI, age, exercise, alcohol, smoke level 
etc.) and the systolic blood pressure value.  It is then used to 
predict the systolic blood pressure when the input variables are 
provided. 

II. CORRELATION OF BLOOD PRESSURE AND OTHER 
VARIABLES  

According to the World Health Organization [8], there are 
many variables/factors that would relate to the blood pressure 
values of a person.  These include age, gender, body mass 
index, alcohol level, level of exercise, stress level, salt intake, 
smoking status, cholesterol and blood glucose. 

A. Age 
Age has a strong relationship with blood pressure, 

especially the systolic blood pressure, and is considered as the 

most interdependent cause of hypertension. Sparrow et al. [9] 
used the multiple linear regression analyses to indicate that the 
systolic blood pressure (SBP) of a person aged over 50 years 
old would increase more rapidly than the SBP of those whose 
age was between 20 and 39.  

B. Male/ Female 
According to a survey [10], blood pressure of male is 

usually higher than that of the female at the same age. In fact, 
men are in higher risk for hypertension and cardiovascular 
disease than premenopausal women of the same age. It also 
shows that blood pressure goes up with age for both male and 
female.  In addition, men have higher daily mean blood 
pressure than women until the age has reached 80.  

C. BMI 
Obesity, indicated by body mass index (BMI), has become 

a serious public health issue all over the world.  Fat people, 
with BMI exceeding 30 kg/mm2, have higher probability in 
gaining high blood pressure (hypertension) because their hearts 
need to provide more nutrients and oxygen to body tissues. 
Golino et al. [11] carried out a study to predict the blood 
pressure by machine learning method and gave a conclusion 
that body mass index, waist circumference, and waist-hip ratio 
have the correlated relationship with the heart diseases, such as 
hypertension and cardiovascular diseases.  

D. Alcohol consumption 
According to Michael et al. [12], alcohol consumption 

seems to be significantly related to the systolic and diastolic 
blood pressure both for men and women. They have found that 
blood pressure would be slightly higher with more alcohol 
intake.  Also, cardiovascular disease is more likely to occur on 
a heavy drinker. Hartung et al. [13] also obtained a similar 
result and concluded that blood pressure readings are related to 
the alcohol consumption significantly in both male and female. 
They also found that the blood pressure of a regular medium 
alcohol person is much lower than one who overdrinks daily, 
which shows that the relationship between blood pressure and 
alcohol intake quantity is not linear. 

E. Exercise level 
Many studies [13] have shown that blood pressure of a 

person would drop in response to strengthened physical 
activity. Lack of physical activity also increases the risk of 
overweight and leads to the higher probability of hypertension. 

F. Stress level 
American Heart Association (AHA) points out that 

although stress is not a confirmed risk factor for high blood 
pressure, many studies are being carried out.  In a stressful 
situation, people’s bodies react by releasing stress hormones 
into the blood, which would raise blood pressure [14].  

G. Salt intake level 
 High level of salt intake may lead to high blood pressure 
and hypertension, which suggests that too much sodium in the 
diet can cause a person’s body to hold fluid, and finally 

 



increases blood pressure. A study by Denton et al. [15] showed 
that additional salt intake within the dietetic contributes to a 
significant rise in both systolic and diastolic blood pressure. 

H. Smoke status 
Tobacco and exposure to secondhand smoke have a 

significant effect on the blood pressure. Experiments have 
shown that blood pressure will be temporarily increased a few 
minutes after smoking [16]. Many cases show the evidences 
that smoking is one of the primary causes of heart disease, such 
as shock and other heart attacks. It must be noted [17] that 
blood pressure will increase after smoking cessation. 

I. Cholesterol and blood glucose 

Cholesterol [18] and blood glucose [19] are well-known to 
be related to blood pressure.  Yet, the database used for study 
in this paper does not contain these two items.  The purpose of 
this paper is to predict on the systolic blood pressure of a 
person based on the value of the variables or factors discussed 
in this section. 

III. ARTIFICIAL NEURAL NETWORK 
Artificial neural network (ANN) is based on intelligent 

computational model, and uses the computer network system to 
simulate the biological neural network. It consists of an input 
layer of source, at least one middle or hidden layer of 
computational neurons, and an output layer of computational 
neurons [20, 21, 22]. The ability of an ANN is to discover the 
nonlinear relationship between its inputs and outputs.  It has 
played a major role in many scientific and industrial 
applications, such as time series prediction, pattern recognition, 
decision making, load forecasting, event prediction etc. [23, 
24]. In this paper, we aim to use neural network to learn the 
correlation between the input variables (such as BMI, age, 
exercise level etc.) and the output, which is the systolic blood 
pressure.  Essentially, we would like to use the neural network 
as a tool to predict the value of the blood pressure of a person, 
given some health-related measurements and data of a person. 
For example, Fig. 4 shows an ANN which gives a prediction of 
systolic blood pressure based on four input variables.  

Fig 4.   Structure of Artificial Neural Network 

The strength of a neural network is on its learning 
capability.  It can solve the problem by first training the neural 
network using some training examples or instances of input-
output pairs. Two types of well-known algorithms for the 
training of neural networks are back-propagation (BP) 
algorithm, and the radial basis function (RBF) network with 
one hidden layer.  The interconnection weights between the 
different layers in an ANN will be obtained at the end of the 
training. 

A.  Back-propagation Neural Network [20, 21, 25, 26] 
The back-propagation (BP) neural network is a typical 

architecture of multi-layered feed-forward neural network.  It is 
probably the most popular type of ANN being used in many 
industrial applications and has been found to perform well on a 
wide variety of problems. A typical BP neural network is 
usually consisted of layers of neurons, and the objective is to 
train the network weights so as to minimize the mean-square 
error of the network output. It is widely recognized that the 
performance of the BP algorithm could be sensitive to the 
initial conditions.  Hence, the training of the ANN is usually 
repeated a number of times so as to obtain a fair comparison of 
its performance. Fig. 4 shows the architecture of a typical BP 
neural network with four inputs, one hidden layer with five 
hidden nodes, and one output value.  

B. Radial Basis Function Neural Network [27, 28] 
Although the multilayer feed-forward ANN based on the 

BP training algorithm is very popular, some researchers have 
found that the training of such ANN is slow and inefficient 
[26]. Very often, an optimal neural network architecture may 
not be achieved. Therefore, in this paper, we have examined 
the development of an alternate neural network architecture, 
which is the radial basis function network.   

Similar to the BP neural network, our radial basis function 
(RBF) neural network is composed of one hidden layer.  In a 
RBF network, the hidden layer can implement a better 
nonlinear mapping from the data space to the feature space. 
The most common basis function chosen is a Gaussian 
function, which means that the closer the input to the center of 
the Gaussian, the larger the response of the node. In stage one 
of the training of the RBF network, the self-organizing feature 
map (SOFM) is used as a clustering algorithm to determine the 
weights between the input and the hidden layer. At each hidden 
node, the basis function used is a Gaussian function. In the 
second stage, the weights between the hidden and output layer 
are determined by a least-mean-square algorithm. The 
convergence of the weights is found to be quick and efficient. 

 

IV. DESCRIPTION OF THE DATABASE 
The data were collected from the health and body 

conditions of 498 people, and the data include systolic blood 
pressure (SBP), age, BMI, exercise level, smoking status, 
alcohol use level, stress level and salt intake level [29]. These 
variables are believed to be correlated with the blood pressure 
reading of a person. Table I provides some details on its data.  

 



TABLE I.  VARIABLE IN THIS STUDY 

Variable Description 
Systolic Blood Pressure 

(SBP) 
Continuous Variable (in mm Hg) 

Age Continuous Variable (in year) 
Body Mass Index (BMI) Continuous Variable (in kg/m2) 

Smoking Status Binary Variable (Yes, No) 
Exercise Level Categorical Variable (Low, Medium, High) 

Stress Level Categorical Variable (Low, Medium, High) 
Alcohol Level Categorical Variable (Low, Medium, High) 

Salt Intake Level Categorical Variable (Low, Medium, High) 
Among the 498 cases, 236 of them were male accounting 

for 47% of the data while the remaining 262 cases were female. 
Due to the obvious influence of gender difference, the author 
split the data into male and female sets respectively. 

V. EXPERIMENTAL RESULTS 

A. Back-propagation ANN 
The BP algorithm is used for the training of the ANN. The 

output is the predicted value of the systolic blood pressure.  
The number of inputs is the factors used for the prediction.  
The number of hidden nodes varies from around 3 to 6, which 
would affect the number of parameters used in the training, and 
hence would affect the degree of freedoms. Given the data 
from a database, a percentage (80%, 85% or 90%) is used for 
training, and the rest will be used for testing the performance of 
the ANN.  For the systolic blood pressure data in the database, 
only the values in the range from 80 to 160 (in mmHg) are 
used for the training of the ANN.  The predicted value of the 
systolic blood pressure from the neural network will be 
compared with the value in the database. The absolute 
difference (error) between the two values will be recorded, and 
the result is shown in a table. Each result shown in the table is 
based on the averages of twenty-five cases of training and 
testing.  

Male 

Different percentages of the database have been used for 
the training of the BP ANN.  It is found that the best result is 
obtained when 80% is used for training, and the remaining 
20% used for testing the performance of the ANN (Table II). 

TABLE II.  COMPARISON OF PERFORMANCE BASED ON DIFFERENT 
PERCENTAGE OF DATA FOR TRAINING 

 80% for 
training 

85% for 
training 

90% for 
training 

error less than 5 30.5% 28.5% 30.2% 
error less than 10 51.9% 49.7% 46.1% 
error less than 15 67.6% 64.7% 63.0% 
error less than 20 79.8% 77.4% 80.7% 
error less than 25 87.8% 88.6% 87.4% 
error less than 30 93.4% 93.7% 92.4% 

Number of hidden nodes = 5, Inputs are BMI, Age, Exercise Level, Stress Level 

TABLE III.  COMPARISON OF PERFORMANCE BASED ON DIFFERENT 
NUMBER OF HIDDEN NODES 

 3 hidden 
nodes 

4 hidden 
nodes 

5 hidden 
nodes 

6 hidden 
nodes 

10hidden 
nodes 

error less 
than 5 29.0% 25.1% 30.5% 25.0% 17.5% 

error less 
than 10 48.3% 51.4% 51.9% 46.6% 35.0% 

error less 
than 15 62.9% 65.7% 67.6% 63.6% 48.8% 

error less 
than 20 76.8% 80.9% 79.8% 73.3% 61.2% 

error less 
than 25 87.9% 88.2% 87.8% 82.0% 71.9% 

error less 
than 30 92.7% 92.8% 93.4% 89.2% 80.1% 

80% of data for training, Inputs are BMI, Age, Exercise Level, Stress Level 

TABLE IV.  COMPARISON OF PERFORMANCE BASED ON DIFFERENT 
NUMBER OF INPUTS 

Inputs 
 
 

Error 

BMI, 
Age, 

Exercise
, Stress 

BMI, 
Age, 

Exercise
, Stress, 
Smoke 

BMI, 
Age, 

Exercise
, Stress, 
Alcohol 

BMI, 
Age, 

Exercise
, Stress, 

Salt 

BMI, Age, 
Exercise, 

Stress, Salt, 
Smoke, 
Alcohol  

< 5 30.5% 30.0% 28.2% 25.5% 27.1% 
< 10 51.9% 49.4% 50.5% 46.7% 48.1% 
< 15 67.6% 67.1% 63.8% 61.8% 59.3% 
< 20 79.8% 78.8% 75.0% 75.1% 70.3% 
< 25 87.8% 86.1% 82.0% 84.2% 80.0% 
< 30 93.4% 89.9% 87.4% 90.9% 86.6% 

80% of data for training, Number of hidden nodes = 5 

It seems that the use of 5 hidden nodes (Table III), with 80% of 
data for training is the “best” result. From Table IV, the use of 
additional inputs does not help with the prediction.  However, 
this may only due to insufficient information or insufficient 
number of cases in the database. In addition, the factors like 
stress and salt intake are very subjective. Further study should 
be carried out in the future based on a larger database. 

Female 

TABLE V.  COMPARISON OF PERFORMANCE BASED ON 
DIFFERENT PERCENTAGE OF DATA FOR TRAINING 

 80% for 
training 

85% for 
training 

90% for 
training 

error less than 5 30.5% 26.3% 32.7% 
error less than 10 54.3% 50.0% 54.0% 
error less than 15 67.3% 67.3% 67.5% 
error less than 20 76.3% 77.4% 78.1% 
error less than 25 85.9% 86.5% 87.3% 
error less than 30 90.6% 92.8% 92.1% 

Number of hidden nodes = 4, Inputs are BMI, Age, Exercise Level, Stress Level 

TABLE VI.  COMPARISON OF PERFORMANCE BASED ON DIFFERENT 
NUMBER OF HIDDEN NODES 

 3 hidden 
nodes 

4 hidden 
nodes 

5 hidden 
nodes 

6 hidden 
nodes 

10 hidden 
nodes 

error less 
than 5 29.2% 30.5% 28.2% 28.2% 22.4% 

error less 
than 10 53.2% 54.3% 53.6% 51.5% 42.6% 

error less 
than 15 69.9% 67.3% 68.3% 67.5% 56.2% 

error less 
than 20 79.1% 76.3% 79.1% 80.0% 69.4% 

error less 
than 25 87.4% 85.9% 86.0% 87.7% 79.5% 

error less 
than 30 93.2% 90.6% 92.5% 92.7% 84.6% 

80% of data for training, Inputs are BMI, Age, Exercise Level, Stress Level 



TABLE VII.  COMPARISON OF PERFORMANCE BASED ON DIFFERENT 
NUMBER OF INPUTS 

Inputs 
 
 

Error  

BMI, 
Age, 

Exercise
, Stress 

BMI, 
Age, 

Exercise
, Stress, 
Smoke 

BMI, 
Age, 

Exercise
, Stress, 
Alcohol 

BMI, 
Age, 

Exercise
, Stress, 

Salt 

BMI, Age, 
Exercise, 

Stress, Salt, 
Smoke, 
Alcohol  

< 5 29.2% 29.0% 26.9% 26.4% 23.6% 
< 10 52.6% 48.7% 51.6% 47.9% 45.2% 
< 15 69.4% 63.7% 65.7% 64.5% 59.3% 
< 20 80.0% 73.0% 77.4% 75.8% 70.1% 
< 25 88.8% 83.0% 85.3% 84.4% 78.8% 
< 30 94.5% 90.0% 90.7% 90.1% 86.0% 

80% of data for training, Number of hidden nodes = 4 

For the female case, it seems that the use of 4 hidden nodes 
(Table VI), with 80% of data for training (Table V) is giving 
the “best” result.  From Table VII, the use of additional inputs 
does not help with the prediction.  Again, this may only due to 
insufficient information or insufficient number of cases in the 
database. Also, the factors like stress and salt intake are very 
subjective. Further study should be carried out in the future 
based on a larger database. 

B. Radial-Basis Function (RBF) Network 
The RBF algorithm is used for the training of ANN. The 

output is the predicted value of the systolic blood pressure.  
The number of inputs is the factors used for the prediction.  
The number of clusters naturally formed is determined first, 
which would provide the weights between the input and middle 
layer. In the second stage, the weights are determined by an 
iterative least-mean-square (LMS) algorithm.  

Given the data from a database, a percentage (80%, 85% or 
90%) is used for training, and the rest will be used for testing 
the performance of the ANN. For the systolic blood pressure 
data in the database, only the values in the range from 80 to 
160 (in mmHg) are used for the training of the neural network. 

The predicted value of the systolic blood pressure from the 
neural network will be compared with the value in the 
database. The absolute difference (error) between the two 
values will be recorded, and the result is shown in a table. 
Again, each result shown in the table is the based on the 
averages of twenty-five cases of training and testing. Summary 
of observations for the database for both the Male and Female 
cases are given below. 

Male 

An example of one training case of RBF is shown below.  
Based on the training cases, the clustering algorithm is 
naturally forming five clusters, with centers shown below: 

TABLE VIII.  THE CENTER OF FIVE CLUSTERS 

Exercise BMI Age Stress 
0.9996 34.014 27.984 2.8089 
0.9945 21.738 48.76 1.0971 
2.2029 26.262 52.424 2.9466 
2.694 26.976 31.968 2.454 
2.5023 28.614 37.376 1.1016 

 

TABLE IX.  COMPARISON OF PERFORMANCE BASED ON DIFFERENT 
PERCENTAGE OF DATA FOR TRAINING 

 80% for 
training 

85% for 
training 

90% for 
training 

error less than 5 27.7% 27.9% 26.6% 
error less than 10 51.8% 50.6% 50.5% 
error less than 15 70.9% 68.5% 67.8% 
error less than 20 82.8% 83.6% 77.6% 
error less than 25 92.7% 90.2% 89.6% 
error less than 30 96.5% 95.5% 97.3% 

Number of RBF nodes = 5, Inputs are BMI, Age, Exercise Level, Stress Level 

TABLE X.  COMPARISON OF PERFORMANCE BASED ON DIFFERENT 
INPUTS 

 Inputs 
 
 

Error 

BMI, 
Age, 

Exercise
, Stress 

BMI, 
Age, 

Exercise
, Stress, 
Smoke 

BMI, 
Age, 

Exercise
, Stress, 
Alcohol 

BMI, 
Age, 

Exercise
, Stress, 

Salt 

BMI, Age, 
Exercise, 

Stress, Salt, 
Smoke, 
Alcohol  

< 5 27.7% 27.5% 26.6% 33.0% 28.1% 
< 10 51.8% 52.0% 51.4% 55.9% 49.6% 
< 15 70.9% 71.4% 68.8% 70.9% 65.5% 
< 20 82.8% 82.4% 82.0% 83.6% 79.6% 
< 25 92.7% 88.2% 91.2% 90.7% 88.5% 
< 30 96.5% 94.5% 94.7% 93.9% 93.7% 

80% of data for training, Number of RBF nodes = 5 

 

236 male cases are selected from the database for this 
experiment. Table VIII shows that only five clusters are 
generated and the centers are listed.  Then, as shown in Table 
IX, by the use of different percentages (80%, 85%, 90%) of 
data for training the system, the percentage of 80% for training 
seems to be the best choice. Lastly, based on Table X, more 
variables/factors (smoke and salt intake) seem to improve on 
the prediction. However, further studies using a larger database 
should be carried out to examine the results on the use of 
different input variables for the neural network. 

 

Female 

The RBF is naturally forming five clusters, with centers at: 

TABLE XI.  THE CENTER OF FIVE CLUSTERS 

Exercise BMI Age Stress 
1.011 28.722 32.568 2.2293 
2.6229 26.808 38.072 3 
1.524 21.15 26.656 0.9891 
2.3739 22.944 46.96 1.9368 
0.9999 22.356 52.168 1.3923 

TABLE XII.  COMPARISON OF PERFORMANCE BASED ON DIFFERENT 
PERCENTAGE OF DATA FOR TRAINING 

 80% for 
training 

85% for 
training 

90% for 
training 

error less than 5 28.4% 23.5% 28.8% 
error less than 10 49.9% 49.2% 47.5% 
error less than 15 69.5% 67.9% 59.5% 
error less than 20 83.2% 77.0% 68.1% 
error less than 25 89.6% 87.4% 80.6% 
error less than 30 93.7% 92.5% 88.7% 

Number of RBF nodes = 5, Inputs are BMI, Age, Exercise Level, Stress Level 



TABLE XIII.  COMPARISON OF PERFORMANCE BASED ON DIFFERENT 
INPUTS 

Inputs 
 
 

Error 

BMI, 
Age, 

Exercise
, Stress 

BMI, 
Age, 

Exercise
, Stress, 
Smoke 

BMI, 
Age, 

Exercise
, Stress, 
Alcohol 

BMI, 
Age, 

Exercise
, Stress, 

Salt 

BMI, Age, 
Exercise, 

Stress, Salt, 
Smoke, 
Alcohol  

< 5 28.4% 29.0% 25.7% 22.3% 25.4% 
< 10 49.9% 50.2% 42.1% 44.5% 48.6% 
< 15 69.5% 69.4% 59.4% 61.1% 67.4% 
< 20 83.2% 79.5% 74.6% 69.8% 79.1% 
< 25 89.6% 90.5% 84.4% 80.1% 86.5% 
< 30 93.7% 94.8% 92.5% 87.9% 91.4% 

80% of data for training, Number of RBF nodes = 5 

262 female cases are selected from the database for this 
experiment. Table XI shows that only five clusters are 
generated and the centers are listed. Then, by different 
percentage (80%, 85%, 90%) of data for training the system, 
the percentage (80% for training, 20% for testing) seems to be 
the best choice (Table XII). From Table XIII, the use of an 
additional input (Smoke) seems to provide a slightly better 
result.  Further studies with the use of a larger database should 
be carried out to examine the results on the use of different 
input variables for the neural network. 

VI. CONCLUSIONS 
This paper proposes a machine learning method to predict 

the systolic blood pressure (SBP) of a person using the back-
propagation (BP) neural network and the radial basis function 
(RBF) network.  

The average prediction errors (absolute difference between 
the predicted value and measured value) for the relationship 
between SBP and input attributes (BMI, age, exercise and 
stress level) are at an acceptable level. The results obtained 
from the BP neural network and RBF network are in 
agreement. Generally speaking, with the database used in the 
experiment, the use of 80% of data for training, and use of 
four or five hidden nodes in both neural networks, are giving 
reasonably good results. 

Our results indicate that the machine learning technique can 
be an efficient tool for analyzing the relationship between the 
lifestyle condition (BMI, age, stress and exercise level) and 
the systolic blood pressure of a person. It contributes to the 
development of a SBP predictor, which can provide early 
warning to hypertension and cardiovascular disease risks. 

REFERENCES 
[1] G.B. Ehret, P.B. Munroe, K.M. Rice, M. Bochud, A.D. Johnson, D.I. 

Chasman et al., “Genetic variants in novel pathways influence blood 
pressure and cardiovascular disease risk,” Nature, pp. 103-109, Sep 
2011. 

[2] P.E. Marik and J. Varon, “Hypertensive crises: challenges and 
management,” Chest Journal, pp. 1949-1962, June 2007. 

[3] R.S. Vasan, A. Beiser, S. Seshadri, MG. Larson, W.B. Kannel, R.B. 
D'Agostino and D. Levy, “Residual lifetime risk for developing 
hypertension in middle-aged women and men: The Framingham Heart 
Study,” JAMA, pp.1003-1010, 2002. 

[4] American Heart Association, Hypertensive Crisis 
http://www.heart.org/HEARTORG/Conditions/HighBloodPressure/Abo
utHighBloodPressure/Hypertensive-Crisis_UCM_301782_Article.  

[5] J.C.D. Conway, S.N. Lavorato, V.F.Cunha, and J.C.Belchior, 
“Modelling of the relationship between systolic blood pressure and 
glucose with the magnesium ion present in the blood plasma: an 
approach using artificial neural networks,” Health, vol.1, pp.211-219, 
2009. 

[6] S.H. Sohan, “Management of ischemic optic neuropathies,” Indian 
Journal Ophthalmology, pp. 123–136, 2011. 

[7] www.healthwealthcare.com/category/daily-blog-2. 
[8] http://www.who.int/features/qa/82/en/. 
[9] D. Sparrow, A.J. Garvey, B. Rosner and H.E. Thomas  Jr, “Factors in 

predicting blood pressure change,” Circulation, pp.789-794, 1982. 
[10] J. F. Reckelhoff, “Gender Differences in the Regulation of Blood 

Pressure,” Hypertension, pp.1199-1208, 2001. 
[11] H. F. Golino, L. S. de Brito Amaral, S.F.P. Duarte, C.M.A. Gomes, T de 

J. Soares, L.A. Reis and J. Santos, “Predicting Increased Blood Pressure 
Using Machine Learning”, Journal of Obesity, Volume 2014, Article ID 
637635, 12 pages, 2014. 

[12] M.H. Criqui, R.B. Wallace, M. Mishkel, E. Barrett-Connor and G. 
Heiss, “Alcohol consumption and blood pressure - the lipid research 
clinics prevalence study,” Hypertension, pp.557-565, 1981. 

[13] G. H. Hartung, H. W. Kohl and S. N. Blair, “Exercise tolerance and 
alcohol intake. Blood pressure relation,” Hypertension, pp.501-507, 
1990. 

[14] http://www.heart.org/HEARTORG/Conditions/HighBloodPressure/Prev
entionTreatmentofHighBloodPressure/Stress-and-Blood-
Pressure_UCM_301883_Article.jsp. 

[15] D. Denton, R. Weisinger, NI Mundy, E.J. Wickings, A. Dixson, P. 
Moisson, A.M. Pingard, R. Shade, D. Carey and R. Ardaillou, “The 
effect of increased salt intake on blood pressure of chimpanzees,” Nat 
Med, pp. 1009-1016, 1995. 

[16] American Heart Association, Apr 10, 2014, Prevention and Treatment: 
Tobacco and Blood Pressure 
http://www.heart.org/HEARTORG/Conditions/HighBloodPressure/Prev
entionTreatmentofHighBloodPressure/Tobacco-and-Blood-
Pressure_UCM_301886_Article.jsp. 

[17] P. Omvik, “How smoking affects blood pressure”, Blood Pressure, 
pp.71-77, 1996. 

[18] C.V. Florey and RM. Acheson, “Blood pressure as it relates to physique, 
blood glucose, and serum cholesterol,” Vital Health Stat 11,  vol. 34, pp. 
1-29, 1969. 

[19] J. C. D. Conway, S. N. Lavorato, V. F. Cunha, and J. C. Belchior, 
“Modelling of the relationship between systolic blood pressure and 
glucose with the magnesium ion present in the blood plasma: an 
approach using artificial neural networks,” Journal of Health, vol.1, 
pp.211-219, 2009. 

[20] S. Haykin, Neural Network: A Comprehensive Foundation, 2nd. ed. 
Pearson Education, New Jersey, 1999. 

[21] S.Y. Kung, M.W. Mak, and S.H. Lin, Biometric Authentication: A 
Machine Learning Approach, 3rd ed. Prentice Hall, New Jersey, 2004. 

[22] D. Graupe, Principles of Artificial Neural Network, 3rd ed. World 
Scientific, 2013. 

[23] D.X. Hao and R. Chen, “AFSs-RBF Neural Network for Predicting 
Earthquake-induced Liquefaction of Light Loam,” Natural Computation 
(ICNC), vol. 3, pp. 1518-1522, 2010. 

[24] M. Kaminski, T. Orlowska-Kowalska, “Clustering in optimization of 
RBF-based neural estimators for the drive system with elastic joint,” 
Industrial Electronics (ISIE), pp.1907 – 1912, 2011. 

[25] D.X. Niu, H. Shi, J.Q. Li, and Y.N. Wei, “Research on Short-term 
Power Load Time Series Forecasting model Based on BP Neural 
Network,” Advanced Computer Control (ICACC), pp.509-512, 2010. 

[26] B.M. Wilamowski, “Suitability of fuzzy systems and neural networks 
for industrial applications,” Optimization of Electrical and Electronic 
Equipment (OPTIM), pp.1-7, 2012. 

[27] Z.R. Yang, “A Novel Radial Basis Function Neural Network for 
Discriminant Analysis,” neural networks, vol.17, pp.604-612, 2006. 

[28] F. Heimes and B. van Heuveln, “The Normalized Radial Basis Function 
Neural Network,” Systems, Man, and Cybernetics, vol.2, pp.1609-1614, 
1998. 

[29] http://www.math.yorku.ca/Who/Faculty/Ng/ssc2003/BPMain.htm. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


