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[Abstract]

The purpose of this study is to develop a prediction model of hypertension in middle-aged adults using Statistical analysis.
Statistical analysis and prediction models were developed using the National Health and Nutrition Survey (2013-2016).Binary
logistic regression analysis showed statistically significant risk factors for hypertension, and a predictive model was developed
using logistic regression and the Naive Bayes algorithm using Wrapper approach technique. In the statistical analysis,
WHtR(p<0.0001, OR = 2.0242) in men and AGE (p<0.0001, OR = 3.9185) in women were the most related factors to
hypertension. In the performance evaluation of the prediction model, the logistic regression model showed the best predictive
power in men (AUC = 0.782) and women (AUC = 0.858). Our findings provide important information for developing large-scale

screening tools for hypertension and can be used as the basis for hypertension research.
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A4S SBP7}F 120 mmHg "%, —18]al DBP 80
mmHg "7te g o33t} ﬁﬁ‘” A7 SBP7F

140 mmHg ])\]— A DBP7}‘ 90 mmHg o]}\]— we ./]/\]—
AW, EE g TAYEe Bgeks Feldw Aolsisir

[18, 19].

2) WHtR 4t&

o] Ao M= Pt} v gt AAE A s}
7] AsiA Sl Edet Ao HlEE ALteks WHIR
(Waist / height) & AlAtete] 4839t}

Study cohort N =31098
(Korea National Health and Nutrition
Examination Survey, KNHANES 2013-2016)

Excluded data N =13765
(Less than 40 years)

Excluded data N =7222
( missing the following data: HDLC n =2645, PPn=
1391, HBAIC n =39, WHTR n = 16, HBSAG,
prehypertension n =3121)

Selected data N =17333

Selected data N =10111
( Normotension n = 4602
Hypertension n = 5509 )
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Fig. 1. Data preprocessing
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Table 1. Basic characteristic of features(Category type)

Men omen
Features [Normotension HypertensionNormotension Hypertension
EDU Iv.0 130 233 244
EDU Iv.1 P 0 3 12
EDU Iv.2 [178 441 385 1080
EDU Iv.3 168 415 393 465
EDU Iv.4 [465 776 1099 594
EDU Iv.5 [136 138 287 94
EDU Iv.6 (325 401 568 159
EDU Iv.7 [130 135 89 31
DRINK Iv.0{390 626 1106 1593
DRINK Iv.1{311 397 1197 891
DRINK Iv.2295 435 489 299
DRINK Iv.3221 379 166 110
DRINK Iv.4|184 391 72 50
DRINK Iv.5/133 311 38 27

Values are expressed in frequency; The EDU represents the level
of education and is divided into levels from non—education to
graduate education; DRINK is divided into 0 to 10 cups of drinking
per day
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Table 2. Basic characteristic of features(Numerical type)

Men omen

Normotension [Hypertension [Normotension [Hypertension
Features [Mean(SD) Mean(SD) Mean(SD) Mean(SD)
AGE 55.08(11.03) |61.18(11.21) [52.05(9.329) [64.62(10.27)
SMOKE [95.52(153.5) [136.1(180.8) [3.411(26.32) [4.821(39.61)
PP 17.17(1.978) [17.45(2.418) [17.36(1.928) [17.43(2.155)
HT 169.2(6.456) [167.5(6.249) [157.1(5.757) [153.4(5.992)
WT 66.90(9.672) [70.26(10.98) [66.53(7.667) [59.28(9.447)
WC 83.22(7.996) [88.15(8.561) [77.14(7.997) [84.42(9.355)
WHtR  10.491(0.047) [0.526(0.049) [0.491(0.054) 0.550(0.063)
BMI 23.29(2.742) [24.95(3.145) [22.88(2.846) [25.14(3.508)
GLU 102.0(25.81) [111.0(27.40) [95.84(18.10) [107.6(28.38)
HBATC [5.844(0.889) 6.086(1.009) [5.649(0.615) [6.113(0.928)
TC 191.0(35.33) [183.8(36.59) [194.5(33.87) [194.3(38.79)
HDLC  [46.54(11.09) [46.30(11.79) [p4.39(12.40) [60.34(12.12)
TG 148.1(114.9) [177.7(149.9) [110.0(75.55) [145.5(97.99)
HBSAG [151.3(955.1) [126.3(903.6) [192.5(1084.) [97.35(725.3)
AST 23.23(11.16) [26.27(16.85) [20.44(7.711) [23.80(12.51)
ALT 23.50(16.55) [26.20(17.24) [17.12(11.00) [P1.65(15.46)
HCV 0.108(0.657) 0.150(0.925) 0.118(0.684) [0.155(0.953)
HB 15.01(1.196) [14.98(1.398) [13.01(1.167) [13.24(1.148)
HCT 44.77(3.446) [44.62(3.868) [39.61(3.077) [40.19(3.244)
BUN 15.61(4.154) [16.26(5.960) [13.87(3.867) [15.82(5.060)
CRT 0.957(0.163) [1.029(0.615) [0.711(0.141) [0.760(0.299)
WBC 6.549(2.013) 6.791(1.897) [5.682(1.517) 6.211(1.772)
RBC 4.818(0.421) 4.794(0.464) [4.321(0.317) [4.358(0.386)
BPLT 244.2(67.35) [241.9(62.95) [257.8(61.37) [260.8(65.23)

Values are expressed as the mean and standard deviation (SD);
Abbreviations: AGE, Years of age; SMOKE, heavy smoker; PP,
Pulse pressure; HT, Height; WT, Weight; WC, Waist circumference;
WHTR, Waist-to—height circumference ratio; BMI, Weight divided
by height squared; GLU, Glucose; HBA1C, Hemoglobin Alc; TC,
Total cholesterol; HDLC, High density lipid Cholesterol; TG,
Triglyceride; HBSAG, hepatitis B surface antigen; AST, Aspartate
aminotransferase; ALT, Alanine aminotransferase; HCV, anti
hepatitis C virus; HB, Hemoglobin; HCT, Hematocrit; BUN, Blood
urea nitrogen; CRT, Creatinine; WBC, White blood cell; RBC, Red
blood cell; BPLT, Blood platelet

3-2 70 SIXFEON CHE B7I% S04 2 052 BY
E 38 o7 2A2Y FARAAND, nEY 99

2l WA AT o9 e 8988 (p-value) T
%2H](OR; Odds ratio)& YERY 9}1‘4—

D AP E e ABAL Wl AR FAelA
WHTR(p<0.0001, OR = 20242) o4 AGE
(p<0.0001, OR = 3.9185)F L }E}%T}

ARBEH AuelAE dHe FAFS dehs
SMOKE(p<0.0001, OR = 1.252)7} d#AFS B oM,

A2 WSFFAA] EDU(p<0.0001, OR = 0.465)7}F
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S04 WHTR, WC,
etz EA e
WHTR(p<0.0001, OR =
2.0242), WC(p<0.0001, OR = 1.7873) Z1#]aL BMI
(p<0.0001, OR = 1.7276)% 2.2 =4 YEgton, oA
3 WHTR(p<0.0001, OR = 3.1272), WC(p<0.0001,
OR = 2.5083) Z12]aL BMI(p<0.0001, OR = 2.1810)<=
o2 eyt  gdaaZedzes g CRT
(p<0.0001, OR = 1.430), %342 HBA1C(p<0.0001,
OR = 2.308)°] 7}¢ & oA = Yelwt} 1glar
CRT, GLU, AST, HBAIC, TG, ALT, BUN, WBC+
At o AdellA n8dH ARAS B FEAAR e
Wt o el Mnt 18T A S el QA= HB,
HBSAG, HCT, TCo|H, HDLCE 9¢] A4S n )

T3, ASFEFEDU)I AHHT)S nd gy 9o Ax
A o, FAgrT oA A e

E 3. 1Y SigolNe] A2

Table 3. Statistical significance of hypertension risk factors

Men omen

Features —value OR —value OR

AGE 0.0001 1.6783 0.0001 3.9185
EDU 0.0001 0.8186 0.0001 0.4646
DRINK 0.0001 1.1446 0.0001 0.7419
SMOKE 0.0001 1.2519 0.1064 1.0439
PP 0.0002 1.1279 0.1761 1.0355
HEIGHT 0.0001 0.7694 0.0001 0.5117
WEIGHT 0.0001 1.3569 0.0001 1.3881
WC 0.0001 1.7873 0.0001 2.5083
WHTR 0.0001 P.0242 0.0001 3.1272
BMI 0.0001 1.7276 0.0001 2.1810
GLU 0.0001 1.4290 0.0001 2.1732
HBA1C 0.0001 1.2841 0.0001 2.3076
TC 0.0001 0.8277 0.7944 0.9933
HDLC 0.5332 0.9807 0.0001 0.7133
TG 0.0001 1.2550 0.0001 1.7465
HBSAG 0.4173 0.9748 0.0001 0.8977
AST 0.0001 1.3359 0.0001 1.6604
ALT 0.0001 1.1716 0.0001 1.6196
HCV 0.1406 1.0512 0.0930 1.0472
HB 0.5557 0.9817 0.0001 1.2192
HCT 0.2289 0.9630 0.0001 1.2030
BUN 0.0003 1.1324 0.0001 1.6139
CRT 0.0001 1.4300 0.0001 1.6240
WBC 0.0002 1.1273 0.0001 1.3933
RBC 0.1025 0.9500 0.0001 1.1122
BPLT 0.2583 0.9651 0.0676 1.0482

Binary logistic regression analysis showed that hypertension risk
factors were statistically significant;.Statistical significance was
expressed as p-value and odds ratio(OR) for the features
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Table 4. Selected attributes for predictive models
Sex Models |Selected attributes
Men LR AGE, EDU, DRINK, PP, WHTR, BMI, GLU,

HBA1C, TC, HDLC, TG, AST, BUN, CRT, BPLT

NB AGE, DRINK, HT, WT, WHTR, GLU, TC, AST,

HB
Women LR IAGE, EDU, DRINK, WC, WHTR, BMI, GLU, TC,

HDLC, TG, HBSAG, ALT, CRT, WBC, RBC

NB AGE, BMI, HB, RBC, BPLT

LR; Logistic regression, NB; Naive bayes

689

E 5 0EZEo M
Table 5. Accuracy of predictive models

sex Models [Class Sensitivity 1-Specificity
Men LR Hypertension [0.844 0.436
Normotension [0.564 0.156
NB Hypertension 1[0.715 0.334
Normotension [0.666 0.285
Women LR Hypertension 1[0.775 0.208
Normotension [0.792 0.225
NB Hypertension [0.751 0.211
Normotension [0.789 0.249
LR; Logistic regression, NB; Naive bayes
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