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Abstract— The purpose of this study is to demonstrate the best strategy for the variable selection, using 

the developed Ordered Logistic Regression (OLR) and Multilayer Perceptron Neural Network (MLP). At 

the first stage, all the selected variables will be a screen for their important relationship point of view 

through ordered logistics regression and bootstrap methodology. After considering for 1500 of the 

bootstrapping methods, it was found that smoking factor, total cholesterol factor, and triglycerides come to 

a significant relationship to the level of hypertension. By considering the level of significance of 0.25 for 

ordered logistic regression, these three variables are being selected and used for the input of the MLP 

model. The performance of MLP was evaluated through the Predicted Mean Square Error (PMSE) of the 

neural network for the (MSE-forecasts the Network). PMSE is used as a measurement of how far away 

from our predictions are from the real data. The smallest MSE from MLP, indicate the best combination of 

variables selection in the model. In this research paper, we also provide the R syntax for OLR and MLP 

better illustration. 
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1. Introduction 

The factors which cause hypertension have been studying intensively in the medical and scientific field. The 

existence of these factors has precipitated or aggravated the condition of hypertension. Scientists throughout 

the world have extensively identified factors which is can be modifiable for the hypertensive patients. An 

example of these factorsis overweight, obesity, diabetes mellitus, and lack of physical activities [5]. In 

certain place hypertension is considered epidemic such in southern China[14]. Here, living standard 

improvement is speculated as the main reasons of other factors exists [14]. Overweight and weight gain are 

the highly related to the hypertension [15]. The genetic of these uncontrolled weight problems is regarded 

linked to the parent’s genetic [15]. Any amount of alcohol consumption is linked to hypertension especially 

in male compared to female [20]. In underdeveloped community such as indigenous people, alcohol is an 

important cause [11]. Presence of alcoholism within developed countries clearly doubling the risk factors in 

addition to weight problems. In addition to these risk factors is smoking. The smoking is demonstrated to 

induce oxidative stress to the mitochondia in the cells [7]. Both smoking and alcohol are modifiable risk 

factors that closely related to blood pressure. In this study, three major approach were used before 

performing analysis which bootstrapping, Ordered Logistic Regression (OLR) and Multilayer Perceptron 

Neural Network (MLP). 

 

Bootstrap is a resampling technique proposed by Efron et al. [10]. The idea behind bootstrap is to use a 

sample in hand as a population to take a sample (by replacement) of the sample in hand and make a large 
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number of―which consist of case resampling samples‖ known as bootstrap samples. The bootstrap method 

begins with an original sample taken from a specific population under consideration. The next step is to 

duplicate the original sample several times to create a new population taking into account the original 

population. In that case, the bootstrap draws several samples with replacement by random sampling 

approach, and as a result, it provides a different sample from the original sample. These technique stores 

new data sets and create new distributions for further analysis [9,10]. The advantage of using bootstrap is its 

ability to extend the sample to the same size as the original, which may include some observations while 

eliminating other observations. 

 

Ordinal logistic regression or ordered logistic regression is a type of logistic regression analysis when the 

response variable has more than two categories with having natural order or rank [1,3,13]. The Maximum 

Likelihood (ML) method will be applied for the value of the parameter estimate. To apply this methodology, 

the hypertension factor is being converted into an ordinal scale [8,16]. The model for ordinal is given by 
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above is an ordinal logistic model for k predictors with the p-1 levels response variable [1,2,4]. The ordered 

logistic regression model is fitting through the R software. The model is fitted through the procedure of 

Maximum Likelihood Estimation (MLE). 

 

A multilayer perceptron (MLP) is a class of feedforward artificial neural network (ANN) with one or more 

layers between the input, hidden, and output layer. In the research study, the output node of this analysis is 

fixed at one since there is only one dependent variable. Equation (1) gives the MLP with N input nodes, H 

hidden nodes, and one output node. The values of are given as follows
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an output weight from hidden node j to the output node,  the bias for the output node, and g is an 

activation function. The values of the hidden node hj, j =1…H are given by
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 the output weight from input node i to hidden node j,  is the bias for hidden node j where j =1, …, H 

and xi are the independent variables where i =1, …, N and k is an activation function [17,18,19]. The general 

architecture of the MLP model is illustrated in Figure 1. 
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Fig. 1: The general architecture of the MLP with one hidden layer, N input nodes, H hidden nodes, and one 

output node 

 

1.1 Method selection and combination 

Firstly, the collected data will be the screen for the outlier. In the second step, the data will be bootstrap for 

1500 times. This is to make sure that the obtained sample is large enough for the best parameter estimate. 

Data through the bootstrap procedure will be used for the ordered logistics regression modeling. Using 

bootstrapping data for the modeling purpose usually will help the researcher to obtain the real relationship 

between studied variables. Third, the selected variable from the ordered logistic regression procedure will be 

the input for the multilayer perceptron analysis. The MLP analysis through this procedure will help to 

determine the mean error of the prediction using the selected variable from the ordered logistic regression. 

The smallest mean square error indicates the better results obtained for the conducted analysis. 

 

2. Data and the R syntax 

Data from the medical unit record, Hospital USM were collected, reviewed and the related information was 

extracted. The sampling frame was the list of patients, which diagnosed with hypertension. All related 

variable is being collected and summarized in Table 1. 

 

Table 1: Data Description 

Variable Code Description 

Hypertension Y 0 = Normal, 1= Borderline, 2 = Definite 

Smoke X1 1= Never, 2 = Former, 3 = Current 

Alcohol X2 1= No, 2 = Yes 

Choltot X3 Total Cholesterol measurement 

Glucos X4 Serum Fasting Glucose measurement 

Trig X5 Triglycerides measurement 

 

2.1 The R syntax for the analysis (method selection and combination) 

#/Complete Dataset for a Hypertension Patient/ 

Input = (" 

Hyper FHHA Smoke AlcohCholtGlucos Trig 

1

1

Input layer
Hidden layer

Output Layer
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3 1 1 1 228 153 304 

1 1 2 1 200 185 182 

1 1 2 1 207 246 112 

2 2 3 2 263 153 287 

3 1 1 1 183 215 195 

1 1 2 1 165 168 69 

1 1 3 2 184 161 373 

1 1 2 1 230 356 710 

3 1 2 2 254 249 137 

3 1 2 1 286 203 171 

     

2 1 2 1 215 127 86 

3 1 2 1 185 175 164 

3 1 2 1 213 227 97 

3 1 1 2 174 126 217 

1 1 2 2 197 165 83 

3 1 2 2 194 148 194 

2 1 2 1 172 140 267 

1 1 2 2 145 147 115 

1 1 2 1 218 133 154 

3 1 2 1 180 139 240 

2 1 1 1 186 217 89 

1 2 1 1 160 157 61 

3 1 2 1 207 168 168 

3 1 1 2 230 144 163  

3 1 3 1 192 140 146 

3 1 2 2 193 130 214 

") 

data = read.table(textConnection(Input),header=TRUE) 

 

###################################OLR###################################### 

 

#/Performing Bootstrap for 1000  

mydata<- rbind.data.frame(data, stringsAsFactors = FALSE) 

iboot<- sample(1:nrow(mydata),size=1500, replace = TRUE) 

bootdata<- mydata[iboot,] 

 

if(!require(MASS)){install.packages("MASS")} 

library(MASS) 

 

bootdata$Hyper<-factor(bootdata$Hyper) 

model <- polr(Hyper ~ FHHA+Smoke+Alcoh+Cholt+Glucos+Trig, data=bootdata, Hess=TRUE) 

summary(model) 

 

## Store Table 

(ctable<- coef(summary(model))) 

 

## Calculate and Store p Values 

p <- pnorm(abs(ctable[, "t value"]), lower.tail = FALSE) * 2 

## Combined Table 

(ctable<- cbind(ctable, "p value" = p)) 

 

################################### MLPNN########################################## 

 



Sapporo Medical Journal 
Volume 54, Issue 10, October 2020 

  

5 

 

#/Install the Neuralnet Package/ 

if(!require(neuralnet)){install.packages("neuralnet")} 

library("neuralnet") 

#/Checking For the Missing Values/. 

apply(data, 2, function(x) sum(is.na(x))) 

 

#/Scaling the data for Normalization 

# Method (usually Called Feature Scaling) to get all The Scaled Data 

# in the Range [0,1]/ 

max_data<- apply(data, 2, max) 

min_data<- apply(data, 2, min) 

data_scaled<- scale(data,center = min_data, scale = max_data - min_data) 

 

#/Randomly Split the Data Into 70:30 

#70 Percent of the Data at Our Disposal to Train the Network 

#30 Percent to Test the Network/ 

index = sample(1:nrow(data),round(0.70*nrow(data))) 

train_data<- as.data.frame(data_scaled[index,]) 

test_data<- as.data.frame(data_scaled[-index,]) 

 

# Print Data 

print(train_data) 

print(test_data ) 

 

#/Build the Network 

#There 3 Hidden Layers Have 3 and 2 Neurons Respectfully 

#Input Layer = 2 

#Output Layer = 1/ 

 

nn<- neuralnet(Hyper ~Glucos+Trig+Alcoh, data=train_data, hidden=c(4,2),   

linear.output = F, stepmax = 1000000) 

plot(nn) 

options(warn=-1) 

 

#/30 Percent of The Available Data to Do This: 

#Using Only the First 2 Columns Representing the Input Variables 

#of The Network and 1 is The Output For NN/ 

predicted <- compute(nn,test_data[,1:3]) 

#/Use the Mean Squared Error NN (MSE-forecasts the Network) as a Measure of How Far 

#Away Our Predictions Are from The Real Data/ 

MSE.net <- sum((test_data$Hyper - predicted$net.result)^2)/nrow(test_data) 

MSE.net 

 

3. Results and discussion 

3.1 The result from ordered logistics procedure (using R syntax) 

The first section is the result which gains from the ordered logistic procedure. Table 2 gives the complete 

result of the analysis. 

Table 2: Analysis of Maximum Likelihood Estimates 

Parameter Coefficient Std. Error t-value p-value 

Threshold 1|2 -0.220 0.267 -0.824 0.410 

Threshold 2|3 0.479 0.267 1.794 0.073 
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Table 2: Analysis of Maximum Likelihood Estimates 

Parameter Coefficient Std. Error t-value p-value 

Threshold 1|2 -0.220 0.267 -0.824 0.410 

Threshold 2|3 0.479 0.267 1.794 0.073 

FHHA -0.114 0.078 -1.456 0.145 

Smoke 0.061 0.059 1.042 0.298 

Alcoh 0.174 0.077 2.251 0.024* 

Cholt 0.001 0.001 1.306 0.191* 

Glucos 0.000 0.001 0.355 0.723 

Trig 0.001 0.000 2.584 0.010* 

 Ordered logistic regression was applied. 

 *Significant at the level of 0.05 

The association between hypertension factor with a family history of heart attack (FHHA), smoking 

(Smoke), consumption of alcohol (Alcoh), total cholesterol (Choltot), glucose reading (Glucos), and 

Triglycerides (Trig) is being presented in Table2. The result was considered statistically significant for a p-

value ≤ 0.25. All statistical analyses in this study were performed using the statistical R Software. 

According to Table 2, there is a significant association between hypertension status with the consumption 

of alcohol. The estimated coefficient for alcohol is 0.174. The value of (Odd Ratio) OR is obtained exp 

(0.174) = 1.2. This can be explained that consumption of alcohol factors increases one time the odd of 

hypertension status. The second factor related to hypertension is the level of total cholesterol level. The 

estimated coefficient for total cholesterol reading is 0.001. The value of OR is obtained exp (0.001) = 1.00. 

This indicates that one unit increase in total cholesterol (mg/dL) reading, will most probably increase the 

blood pressure around one time. The third factor related to hypertension is the level of triglycerides. The 

estimated coefficient for triglycerides reading is 0.001. The value of OR is obtained exp (0.001) = 1.00. 

This indicates that one unit increase in triglycerides (mg/dL) reading, will most probably increase the blood 

pressure around one time.   

 

A study conducted by Briasouliset al.[6] has proven that heavy alcohol intake > 20 g / d is associated with 

a higher risk of developing hypertension in women and men. While with light to moderate alcohol intake 

(<20 g / d), women have the potential to reduce the risk of hypertension, while men have the risk of 

increased high blood pressure[6]. A study was conducted by Hong [12], his study was to find an 

association between obesity levels and the risk of getting the disease. It was found that the abdominal 

obesity group had a 1.59-fold higher risk of high cholesterol, the risk of hypertension is 1.26 times higher 

and the risk of hyperglycemia is 1.54 times higher than the normal group. In 2013, the obese group with a 

higher BMI had a risk of high cholesterol 1.72 times higher, and the risk of hypertension 1.43 times higher 

than the normal group [9,11,12]. Increased triglyceride (TG) levels are a key feature of lipids closely 

related to hypertension. Higher TG level readings with the development of central obesity and insulin 

resistance are important factors towards the status of high blood pressure. The risks associated with 

triglycerides are more common in women than in men [12].  

 

3.2 The result from multilayer perceptron neural network (using R syntax) 

Figure 2 shows the architecture of the MLP with one hidden layer, 4 input nodes, 2 hidden nodes, and one 

output node. It was observed that the accuracy of the model is being evaluated through the value of 

Predicted Mean Square Error (PMSE). The obtained value of PMSE 0.1564. This value is considered small 
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and the MLP model is considered as a good model. 

 

 

Fig. 2: The architecture of the MLP with one hidden layer, 4 input nodes, 2 hidden nodes, and one output 

node 

4. Summary and conclusion 

This paper is focusing on two major parts, which emphasized methodology based on the bootstrapping 

method, ordered logistics regression, and multilayer perceptron neural network. The idea of a methodology 

based is being synchronized with the application through the R syntax algorithm. In this study, R syntax is 

being developed by emphasizing the step-by-step calculation procedure. The first step of an algorithm is 

emphasized on the ordered logistic regression syntax with the combining methodology of bootstrap. After 

the bootstrapping the data, the basic ordered regression was fixed according to the bootstrap data, and the 

level of significance was fixed at the level of 0.25. In the second stage, the significant variable was being 

analyzed through a multilayer perceptron neural network. The significant variable from the ordered logistic 

regression will be treated as an input for the MLP procedure, and the accuracy of the model will be 

evaluated through the value of predicted mean square error (PMSE). The smallest value of MSE, the better 

result achieved. From the analysis, we found a strong relationship between hypertension status with alcohol 

consumption, total cholesterol, and the level of triglycerides. This technique had led to successful research 

and give the best results for decision making, especially for the decision-maker. 
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Identifying these associated factors by various method will be help the medical practitioners in the future. 

Inhibiting these factors will benefit the patient’s life with slowing the damage done by the hypertension 

such as cardiovascular accident [5]. Knowledge of the risk factors should be introduced to the teenage and 

young ages person. The awareness of hypertension itself is one of the keys that can control the danger of 

hypertension [14]. Increasing public awareness is crucial in preventing the hypertension[15]. The education 

is a key to this public awareness. This should be educated early on especially to the young person who has 

parents as hypertensive patients where alcohol is a risk factor [20]. Controlling the hypertension even in 

underdeveloped communities will benefit to all [11]. Another added benefit is the controlling of the 

smoking which is damaging to the mitochondrial system [7]. In conclusion, identifying the risk factors is 

endless work which greatly help in managing the hypertension. 
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