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ABSTRACT

In this paper, we have enhanced the risk prediction of hypertension using the feature selection method in the Korean National Health
and Nutrition Examination Survey (KNHANES) database of the Korea Centers for Disease Control and Prevention. The study identified
various risk factors correlated with chronic hypertension. The paper is divided into three parts. Initially, the data preprocessing step
of removes missing values, and performed z-transformation. The following is the feature selection (FS) step that used a factor analysis
(FA) based on the feature selection method in the dataset, and feature importance (FI) and multicollinearity analysis (MC) were compared
based on FS. Finally, in the predictive analysis stage, it was applied to detect and predict the risk of hypertension. In this study, we
compare the accuracy, f-score, area under the ROC curve (AUC), and mean standard error (MSE) for each model of classification. As
a result of the test, the proposed MC-FA-RF model achieved the highest accuracy of 80.12%, MSE of 0.106, f-score of 83.49%, and AUC
of 85.96%, respectively. These results demonstrate that the proposed MC-FA-RF method for hypertension risk predictions is outperformed
other methods.
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1. Introduction eases [1,2]. It is the leading cause of premature death

worldwide and affects more than 1 in 4 men and 1

Hypertension is a serious health condition that in- .
in 5 women [1].

creases the risk of brain, heart, kidney, and other dis- o )
In recent years, the incidence of hypertension
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Fig. 1. The Experimental Model of the Proposed Method

tension using MC analysis. In this consider, the use
of ML algorithms to diagnose the reason and risks of
hypertension has raised in recent years. ML is a learn-
ing process that starts with observations or data, such
as examples, first-hand experience, guidance, etc., to
make well determinations in the future based on given
examples. The main goal is to approve computers to learn
and adjust their actions automatically without human
agency or assistance. [4] explored the hypertension aware-
ness, treatment, prevalence, and control rate between
2008 to 2017 of KNHANES. Our previous work [5,6] im-
plemented a method of removal to multivariate outliers
to improve the performance of predictive analyzes. In
this study, we proposed the feature selection based on
FA, taking into account the social and demographic
characteristics associated with hypertension, which
were then detected in more detail using the commonly
used ML algorithm.

2. System Techniques

In this part, we explain the components of the pro-
posed prediction model. Fig. 1 shows the proposed sys-
tem based on the FA-based FS method. The proposed
structure consists of three main parts: data prepro-

cessing, feature selection, and predictive analysis.

2.1 Data Preprocessing
System missing values are values that are fully ab-

sent from the data. Data missing values are values that

are imperceptible while analyzing or correcting data.
To prevent the model issues, we eliminated all of the
missing values and no responses are omitted from the
main dataset. Also, we removed unrelated attributes

with hypertension from the dataset.

2.2 Feature Selection

The feature selection module is performed into two
parts: 1) DT classifier feature importance (FI) with FA
based principal component analysis (PCA) feature se-
lection; 2) MC analysis with FA based PCA feature
selection. The purpose of this study is to predict hy-
pertension from the KNHANES dataset. This dataset
contained a health examination of several numbers of
diseases, health questions, and nutrition information
of the Korean population, contents with 1193 attri-
butes. Therefore, we selected the important features
for proposed a simple accurate model. We compared
decision tree (DT) based FI and MC analysis are two
methods to select features. For decision tree-based FS,
we changed input parameters several times and chose
the optimal value that gave the best result. In this
study, the optimal value of criterion used for the
“gini”. Then, we compared this method with our pro-

posed method, and the proposed method outperformed.

1) Feature Importance
We applied a DT classifier to selected important
features in hypertension. In this stage, if the impor-

tance score is greater than zero then the features will
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Fig. 2. DT-based Feature Importance in the KNHANES Dataset

be selected. Our suggested DT-based important fea-
tures explained the prediction algorithm across the
clean dataset in Fig. 2. For the KNHANES dataset, “in-
come’, “age’, “sex’, ‘Diabetes Doctor Diagnosis’, “polyun-
saturated fatty acids”, “Fat”, “Sugar’, and “Water” were
provided as most valuable features with importance
scores of 0.30087, 0.29887, 0.21614, 0.0266, 0.01756,
0.01192, 0.01063, and 0.01043 to predict among the

Korean nations shown Fig. 2.

2) Multicolinearity Analysis

We verify to check the collinearity between selected

health examination, nutrition, and basic information
features with hypertension using MC in regression
analysis. MC is a statistical notion for when two or
more input attributes, the valuations from the features,
in this case, are very extremely correlated [6]. If highly
correlated variables can relate to each other, the fea-
tures should be removed. The tolerance results and
variance inflation factor (VIF) are verified using MC
analysis. If the VIF value is greater than 10, and the
tolerance of less than 0.10, then there is a MC problem
[7.8]. In total, 33 features remained at the end of this
analysis and are is used as inputs to the next factor
analysis. Fig. 3 demonstrates the result of the Variance
Inflation Factor (VIF) value and Fig. 4 demonstrates the
tolerance value for the selected features. The VIF value
of the Z Score (NBA) feature is not calculated, because
the tolerance value was equal to 0, and Z Score
(N_VA_RAE) feature VIF value has very high. In that
case, these features are excluded from the collinearity
analysis. The full results of the correlation and MC
analysis of the KNHANES dataset in Table Al are shown
in Appendix A.

3) Factor Analysis

FA is a method used to moderate the number of attri-
butes to a any factors. This method estimates and scores
the most usual variance of all attributes. In this paper,
we used the PCA for the extracted factor from the ex-
perimental dataset by the maximum variance and as-
signs them to the first factor [9]. Then the variance

defined by the initial factor is estimated and the high-
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Fig. 4. Results of the Tolerance Value of Multicollinearity Analysis on the Selected Features

est variance of the second factor is computed. This
operation simulated to the final factor. The model
shows the correlation between the variables because
KMO factor = 0,786, determinant = 0.0012 pattern sizes
are adaptable, and significance is equal to 0.001
(alpha<0.005), rejected the null hypothesis. Here, we

can perform FA.

2.3. Predictive Analysis

To develop the execution of the predictive analysis,
we aim to at the training database. That is, the di-
mension of the features from the training database
was reduced by using PCA-based FA instead of direct
train classification. The k-Nearest Neighbors (KNN),
DT, random memory (RF), and Naive Bayes (NB) algo-
rithms were then used in the training database pre-

pared [5,6,9,10].

1) Preparing Experimental Dataset

In this research, the Korean National Health and
Nutrition Examination Survey dataset were used to
make the suggested model for the hypertension risk
prediction. KNHANES is handled by the Disease
Control and Prevention (KCDC) [1]. It included a dis-
eases health inspection, questions, and nutrition in-

formation of Koreans. We evaluated the pattern dura-

tion for 2016-2018. Additionally, we created the target
value for hypertension patients greater than 19 years
old. Furthermore, this target group was created by sub-
jects who had a history of heart disease, heart attack,
diabetes, prediabetes, and stroke. We eliminated 7,176 of
the 16,489 entries and 58 of the 1,192 attributes for
unrelated features to hypertension and missing values
of the row. Following, we removed attributes based on
FI and MC analysis which there a total of 31 features
for FI, and 33 features for the MC method. After that
we selected eliminated features based on FA which sepa-
rated method FI and MC, there 10 factor for MC-FA, and
9 factor for FI-FA. Fig. 5 shows the procedure of creating
the target dataset.

2) Details of the Data Structure

In the initial configuration of the training (70%) and
test (30%) sets, we identified three categories of labels:
normal, pre-hypertension, and hypertension for the
target characteristics of the experimental data set. Target
variables descriptive statistics are described in Table 1
[12].

This article describes hypertension in patients with
systolic blood pressure (SBP) above 140, diastolic blood
pressure (DBP) above 90, and the use of antihypertensive
drugs (AHD) as prescribed by a doctor. The criteria
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Table 1. Descriptions of Target Variable

Class Total Train (70%) | Test (30%)
Normal 3172 2216 956
Pre-hypertension 1685 1222 463
Hypertension 2319 1585 734
Total 7176 5023 2153

for labeling hypertension are as follows. If the DBP
ranges from 0 to 80 and the SBP ranges from 0 to 120,
it is labeled normal. If the DBP ranges from 80 to 90
and the SBP ranges from 120 to 140, the label indicates
pre-hypertension. Conversely, a classification label will

hypertension.

3. Experimental Results

The data set was used to suggest a algorithm for
predicting the hypertension risk in previous experimen-
tal data [6,13]. At first, we deleted a row of missing
values and irrelevant attributes to hypertension. Fol-
lowing, we choose DT-based model important fea-
tures which there a total of 31 attributes from 58; and
the MC analysis-based model which there a total of
33 attributes from 58. Later, we selected features ac-
cording to the feature importance with factor analy-
sis (FI-FA) and multicollinearity with factor analysis
(MC-FA) model of hypertension risk detection, in this
case, five attributes.

The accuracy, MSE, f-score, and AUC [5] evaluations
of the experimental results are presented in Table 2,
and the highest values of evaluation scores are marked
in bold. If we did not use the MC-FA and FI-FA models
to predict risk factor levels, the KNN algorithm shows

Table 2. Comparison Results of the Suggested Methods
for Experimental Target Dataset

Algorithms %Z)c MSE f—s&c))re A((E/JO)C
RF | 8012 | 0.106 | 8349 | 8596
MC-FA | KNN | 72.13 0.169 74.12 78.41
10 factor | DT | 68.88 | 0.142 7884 | 8278
NB | 6554 | 0.165 69.09 | 7479
RE | 70.87 | 0.146 76.46 | 80.34
FI-FA KNN | 65.86 0.205 68.12 73.99
9 factor | DT | 56.43 | 0.205 69.56 75.79
NB | 61.82 | 0.185 6520 | 72.16
RF | 6417 | 0.176 | 6844 | 7547
All KNN | 6567 | 0204 | 6747 | 74.28
features | DT | 51.27 | 0.238 65.03 72.25
NB | 5803 | 0210 59.34 | 7038

the highest performance than other algorithms. How-
ever, FA with FI and MC model-based algorithms out-
performed all features algorithms. Our proposed MC-
FA-RF model executed the highest accuracy of 80.12%,
MSE of 0.106, f-score of 83.49%, and AUC of 85.96%.
Afterwards, the second-best accuracy of 72.13%, MSE
of 0.169, f-score of 74.12%, and AUC of 78.41% were
executed by KNN with the MC-FA.

It can be obviously seen from Table 2 that 33 and
31 dimensions were diminished to 10 and 9 dimensions
by FA, the AUC of risk prediction growed in all met-
hods. This described that the suggested FA-based fea-
ture reduction method is suitable for the hypertension
risk prediction.

The ROC curve is the main evaluation measure of
detection performance. We presented the ROC curve

for each method on the target data set in Fig. 6 ~ Fig. 8.
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4. Conclusion

In this research, we enhanced the prediction of hy-
pertension risk with the help of an FA-based selection
for the Korean National Health Information open data.
These analyses have identified a character of risk factors
correlated with hypertension. These important char-
acteristics were selected based on the MC analysis.
Following, extracted from a PCA-based FA model.
Studies have shown that high blood pressure is related
to social and demographic factors such as age, house-
hold income, education, occupation, BMI, and other
health factors. Besides, hypertension is determined by
nutrients such as energy, water, sugar, calcium, and
others. Experimental results show that the proposed
MC-FA-RF method increased accuracy, MSE, f-scores,
and AUC results by 15.95%, 0.07, 15.05%, and 10.49%,

respectively.
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APPENDIX A
Table A1. Correlation and MC Analysis for KNHANES Dataset
Features Tolerance VIF p-value

1 Zscore(HE_hcev_n) 0.99 1.01 0.00
2 Zscore(tins) 0.98 1.02 0.04
3 Zscore(HE_HNsAg_NKh 0.98 1.03 0.65
4 Zscore(HE_rPLS) 0.97 1.03 0.00
5 Zscore(HE_chol new) 0.95 1.05 0.03
6 Zscore(incm) 0.89 1.12 0.00
7 Zscore(HE_Bplt) 0.81 1.24 0.00
8 Zscore(HE_WBC) 0.78 1.29 0.00
9 Zscore(occp) 0.77 1.29 0.00
10 Zscore(HE_BMI_New) 0.77 1.30 0.00
11 Zscore(N_CAROT) 0.72 1.38 0.05
12 Zscore(N_VITC) 0.72 1.38 0.00
13 Zscore(HE_fh) 0.68 1.47 0.00
14 Zscore(N_RETIN) 0.66 1.51 0.00
15 Zscore(HE_HPdg) 0.66 1.51 0.00
16 Zscore(HE_glu_New) 0.64 1.56 0.00
17 Zscore(HE_DMdg) 0.60 1.67 0.00
18 Zscore(marri_1) 0.57 1.76 0.00
19 Zscore(HE_RBC) 0.53 1.87 0.03
20 Zscore(N_NA) 0.50 2.01 0.00
21 Zscore(edu) 0.47 2.11 0.00
22 Zscore(HE_ast) 0.47 2.12 0.00
23 Zscore(HE_dbp) 0.46 2.16 0.00
24 Zscore(N_FE) 0.43 2.32 0.06
25 Zscore(HE_sbp) 0.40 2.50 0.00
26 Zscore(HE_alt) 0.40 2.51 0.00
27 Zscore(N_SUGAR) 0.38 2.63 0.00
28 Zscore(N_WATER) 0.38 2.66 0.00
29 Zscore(N_CHOL) 0.35 2.82 0.00
30 Zscore(N_CA) 0.33 3.04 0.00
31 Zscore(N_NIAC) 0.26 3.81 0.00
32 Zscore(age) 0.26 3.87 0.00
33 Zscore(N_TDF) 0.24 4.20 0.21
34 Zscore(N_N3) 0.19 5.17 0.00
35 Zscore(N_K) 0.16 6.33 0.00
36 Zscore(N_CHO) 0.16 6.40 0.52
37 Zscore(N_EN) 0.09 11.13 0.00
38 Zscore(N_PROT) 0.08 11.96 0.00
39 Zscore(N_PHOS) 0.06 16.09 0.00
40 Zscore(HE_HPfh1) 0.06 17.96 0.00
41 Zscore(HE_STRfh1) 0.05 21.54 0.00
42 Zscore(HE_HLfh1) 0.03 35.80 0.00
43 Zscore(HE_DMfh1) 0.02 41.73 0.00
44 Zscore(N_MUFA) 0.02 55.85 0.00
45 Zscore(N_SFA) 0.02 59.35 0.00
46 Zscore(HE_IHDfh1) 0.02 63.69 0.00
47 Zscore(N_NG6) 0.01 101.34 0.00
48 Zscore(HE_HBfh1) 0.01 106.15 0.00
49 Zscore(HE_THfh1) 0.01 129.52 0.00
50 Zscore(N_PUFA) 0.01 148.54 0.00
51 Zscore(N_FAT) 0.00 307.47 0.00
52 Zscore(HE_mens) 0.00 426.50 0.00
53 Zscore(HE_prg) 0.00 4575.05 0.00
54 Zscore(sex) 0.00 5111.12 0.00
55 Zscore(N_VA_RAE) - - 0.00
56 Zscore(N_VA) - - 0.00
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