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ABSTRACT

Recently, there is a trend of developing various identification and prediction models for hypertension using clinical information based
on artificial intelligence and machine learning around the world. However, most previous studies on identification or prediction models
of hypertension lack the consideration of the ideas of non-invasive and cost-effective variables, race, region, and countries. Therefore,
the objective of this study is to present hypertension prediction model that is easily understood using only general and simple
sociodemographic variables. Data used in this study was based on the Korea National Health and Nutrition Examination Survey (2018).
In men, the model using the naive Bayes with the wrapper-based feature subset selection method showed the highest predictive performance
(ROC = 0.790, kappa = 0.396). In women, the model using the naive Bayes with correlation-based feature subset selection method showed
the strongest predictive performance (ROC = 0.850, kappa = 0.495). We found that the predictive performance of hypertension based
on only sociodemographic variables was higher in women than in men. We think that our models based on machine leaning may be
readily used in the field of public health and epidemiology in the future because of the use of simple sociodemographic characteristics.
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Table 1. Sociodemographic Features and Statistical Table 2. Sociodemographic Features and Statistical
Analysis in Men Analysis in Women
Feature (Ir\ff{ gr;asl) Hy1(3§£'£664nls)ion p-value Feature g:ozrrﬁa;) Hy;();:i‘%r’és)ion p-value

Age 51.26 (13.34) | 64.53 (11.35) | €0.0001 Age 51.06 (12.66) | 67.04 (10.44) | <0.0001

Systolic BP 119.4 (14.81) | 127.6(15.65) | <0.0001 Systolic BP 114.1 (16.57) | 130.6 (16.93) | <0.0001

Diastolic BP 78.85(10.17) | 76.44(11.12) | <0.0001 Diastolic BP 73.94(9.598) | 75.5(10.95) | 0.0005

AST_Weekdays 418.6(73.03) | 424.4(80.4) | 0.1134 AST_Weekdays 4203 (77.17) | 425.3 (91.09) | 0.1745

AST_Weekends 456.1 (84.44) | 442(91.42) | 0.0006 AST_Weekends 456.2 (85.21) | 438.2 (93.96) | <0.0001

Height 171.2 (6.653) 168 (6.317) <0.0001 Height 158.2(6.1) | 153.6 (6.214) | €0.0001

Weight 71.62 (11.45) | 71.18(10.93) | 0.4093 Weight 58.05 (9.248) | 59.73 (9.683) | <0.0001

Waist circumference 86.27 (8.5) | 89.97(8.602) | 0.0001 Waist circumference 77.92(8.919) | 85.07 (8.88) | €0.0001

Body mass index 24.39(3.213) | 25.16(3.212) | <0.0001 Body mass index 23.18 (3.395) | 25.27 (3.452) | <0.0001

Income (quintile) 0.6665 Income (quintile) 0.0011
Low 365 (16.6%) 166 (7.6%) Low 499 (17.2%) | 214 (7.4%)
Lower-middle 401 (18.3%) 158 (7.2%) Lower-middle 529 (18.2%) | 211 (7.3%)

Middle 398 (18.1%) 163 (7.4%) Middle 514 (17.7%) 200 (6.9%)
Upper-middle 391 (17.8%) 154 (7%) Upper-middle 575 (19.8%) 157 (5.4%)

Education <0.0001 Education <0.0001

Elementary school or less 172 (7.8%) 161 (7.3%) Elementary school or less 320 (11%) 454 (15.7%)
Middle school 133 (6.1%) 109 (5%) Middle school 217 (7.5%) 115 (4%)
High school 481 (21.9%) 218 (9.9%) High school 709 (24.5%) | 158 (5.5%)

University or higher 769 (35%) 153 (7%) University or higher 871 (30%) 55 (1.9%)

Occupation <0.0001 Occupation <0.0001
Professionals and expert 315 (14.3%) 76 (3.5%) Professionals and expert 333 (11.5%) 15 (0.5%)

Clerks 237 (10.8%) 41 (1.9%) Clerks 228 (7.9%) 15 (0.5%)
Service and sale workers 177 (8.1%) 45 (2%) Service and sale workers 363 (12.5%) 117 (4%)
Agricultural and fishery workers 83 (3.8%) 60 2.7%) Agricultural and fishery workers| 39 (1.3%) 39 (1.3%)
Device and assembly workers 363 (16.5%) 109 (5%) Device and assembly workers 72 (2.5%) 17 (0.6%)
Elementary occupations 104 (4.7%) 61 (2.8%) Elementary occupations 198 (6.8%) 105 (3.6%)
Unemployed 276 (12.6%) 249 (11.3%) Unemployed 884 (30.5%) | 474 (16.4%)

Household members <0.0001 Household members <0.0001

1 149 (6.8%) 88 (4%) 1 215(7.4%) | 210(7.2%)
2 425(19.4%) | 305(13.9%) 2 580 (20%) | 315 (10.9%)
3 413 (18.8%) 122 (5.6%) 3 552 (19%) | 137 (4.7%)
4 410 (18.7%) 94 (4.3%) 4 554 (19.1%) | 69 (2.4%)
5 125 (5.7%) 23 (1%) 5 156 (5.4%) 42 (1.4%)

6 and more 33 (1.5%) 9 (0.4%) 6 and more 60 (2.1%) 9(0.3%)

House type <0.0001 House type <0.0001
Detached house 453 (20.6%) 253 (11.5%) Detached house 549 (18.9%) | 368 (12.7%)
Apartment 921 (41.9%) 296 (13.5%) Apartment 1291 (44.5%) | 314 (10.8%)
Multifamily house 166 (7.6%) 89 (4.1%) Multifamily house 263 (9.1%) 95 (3.3%)

Etc. 15 (0.7%) 3(0.1%) Etc. 14 (0.5%) 5(0.2%)

Marital status <0.0001 Marital status <0.0001
Married 1364 (62.1%) | 612 (27.9%) Married 1983 (68.4%) | 766 (26.4%)

Single 191 (8.7%) 29 (1.3%) Single 134 (4.6%) 16 (0.6%)

Drinking 0.0562 Drinking <0.0001
No 448 (20.4%) 211 (9.6%) No 1189 (41%) | 586 (20.2%)

Yes 1107 (50.4%) 430 (19.6%) Yes 928 (32.0%) 196 (6.8%)

Stress 0.0004 Stress <0.0001
Extremely 57 (2.6%) 21 (1%) Extremely 107 (3.7%) 36 (1.2%)

Very 312 (14.2%) 104 (4.7%) Very 466 (16.1%) 147 (5.1%)
Slightly 904 (41.2%) 350 (15.9%) Somewhat 1216 (41.9%) | 376 (13%)
Rarely 282 (12.8%) 166 (7.6%) Rarely 328 (11.3%) 223 (7.7%)

Smoking <0.0001 Smoking 0.1320
Former and Never 984 (44.8%) 475 (21.6%) Former and Never 2001 (69%) | 750 (25.9%)

Current 571 (26%) 166 (7.6%) Current 116 (4%) 32 (1.1%)

Continuous and categorical features are presented as the mean (standard
deviation) and frequency (percentage). AST Weekdays: average sleep time per

day on weekdays, AST_Weekends: average sleep time per day on weekdays

Continuous and categorical features are presented as the mean (standard
deviation) and frequency (percentage). AST Weekdays: average sleep time
per day on weekdays, AST Weekends: average sleep time per day on weekdays
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Fig. 1. Prediction Performance Evaluation of Hypertension
in Men (ROC: The Area Under the Receiver Operating
Characteristic Curve, Full Set: Full Feature Set, CFS:
Correlation-Based Feature Subset Method, Wrapper:

Wrapper-Based Feature Subset Method)
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Fig. 2. Prediction Performance Evaluation of Hypertension in
Women (ROC: The Area Under the Receiver Operating
Characteristic Curve, CFS: Correlation—Based Feature Subset)
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Table 3. Detailed Performance Evaluation of Each Model

Gender | Method | Class Sen. | 1-spe. | F-me. | MCC

Men | Full set | Hyper. | 0.618 | 0.226 | 0.571 | 0.376

Normal | 0.774 | 0.382 | 0.802

CFS | Hyper. | 0.61 | 0.225 | 0.566 | 0.37

Normal | 0.775 | 0.39 | 0.801

Wrapper| Hyper. | 0.487 | 0.117 | 0.55 | 0.403

Normal | 0.883 | 0.513 | 0.843

Women | Full set | Hyper. | 0.721 | 0.202 | 0.636 | 0.486

Normal | 0.798 | 0.279 | 0.84

CFS Hyper. | 0.696 | 0.175 | 0.642 | 0.498

Normal | 0.825 | 0.304 | 0.852

Wrapper | Hyper. | 0.565 | 0.113 | 0.604 | 0.473

Normal | 0.887 | 0.435 | 0.866

Sen.: sensitivity, 1-spe.: 1-specificity, F-me.: F-measure, MCC:
Mathew correlation coefficient, Hyper.: hypertension, CFS: corre-
lation-based feature subset, Wrapper: wrapper-based feature
subset



Table 4. Feature Subset Used in Final Models

Men Women
Feature Full | CFS | Wra. | Full | CFS | Wra.
Age O @) O @) (@) O
AST_Weekdays @) O (@) O
AST Weekends O O
Height O (@) @)
Weight O @)
Waist circumference | O O O O O
Body mass index O O @) @)
Income O O O
Education O O O O
Occupation O O O
Household members | O O O
House type O @)
Marital status O O
Drinking @) @)
Stress O O
Smoking O O @)
Total number 16 6 6 16 3 3

Wra.: wrapper-based feature selection, AST_Weekdays: average
sleep time per day on weekdays, AST_Weekends: average sleep
time per day on weekdays, CFS: correlation-based feature subset
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