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Table S1. References in the literature-based search for variables.

Variables Journal Author Year of
publica
tion

Age, years Hypertension and aging [1] Buford TW 2016

Sex, n Gender Differences in Epidemiology, | Di Giosia P. 2018

Pathophysiology, and  Treatment  of
Hypertension [2]
Prevalence of hypertension in China [3] GaoY 2013

Ethnicity, n Trends in prevalence, awareness, treatment, | Hajjar I 2003

and control of hypertension in the United
States [4]
Education status, n Education, literacy, and health: Mediating | Pandit A.U. 2009
Elementary school effects on hypertension knowledge and
Middle school control [5]
High school Socioeconomic status and hypertension [6] Leng B 2015
University
Income status, n Socioeconomic status and hypertension [6] Leng B 2015
1st quartile
2nd quartile
3rd quartile
4th quartile
Diabetes mellitus, n Hypertension and diabetes mellitus Tsimihodimos V | 2018
coprediction and time trajectories [7]
Dyslipidemia, n Dyslipidemia and the Risk of Developing | Otsuka T 2016
Hypertension in a Working-Age Male
Population [8]
Cancer, n Hypertension and breast cancer risk [9] Han H 2017
Hypertension and risk of prostate cancer [10] | Liang Z
Blood pressure and kidney cancer risk [11] 2016
Hidayat K 2017
Alzheimer disease, n Association between blood pressure and | Gabin, J.M. 2017
Alzheimer disease [12]
Parkinson disease, n Association of blood pressure and | QiuC 2011
hypertension with the risk of Parkinson
disease [13]
Non-alcoholic ~ fatty  liver | Hypertension and Nonalcoholic Fatty Liver | Wang Y 2016
disease, n Disease Proven by Transient Elastography
[14]
Smoking, pack-years Association between smoking and blood | Primatesta P 2001
pressure [15]
Alcohol consumption, Effects of alcohol reduction on blood pressure | Xin X 2001
glweek [16]
Alcohol  consumption and risk  for | Nakanishi N. 2001
hypertension in middle-aged Japanese men
[17]

Exercise, n Progressive resistance exercise and resting | Kelley GA 2000

blood pressure [18]




Effect of aerobic exercise on blood pressure
[19]

Whelton SP

2002

Diet
Total energy intake, kcal
Sodium intake, mg

Potassium intake, mg

Effects on blood pressure of reduced dietary
sodium and the Dietary Approaches to Stop
Hypertension (DASH) diet [20]

Effects of diet and sodium intake on blood
pressure [21]

Dietary approaches to prevent and treat

hypertension [22]

Sacks FM

Vollmer WM
Appel L.J.

2001

2001

2006

Sleep duration, hours

Short sleep duration is associated with
hypertension risk among adults [23]

Wang Q

2012

Menopause, n

The influence of menopause on blood
pressure [24]

Menopause-related blood pressure increase
and its relationship to age and body mass
index [25]

Staessen |

Zanchetti A

1989

2005

Oral contraceptive, n

Prospective study of oral contraceptives and
hypertension among women in the United
States [26]

Chasan-Taber L.

1996

Body mass index, kg/m?2

Influence of weight reduction on blood
pressure [27]

Long-term effects of weight loss and dietary
incidence  of

sodium reduction on

hypertension [28]

Neter JE

He]

2003

2000

Waist circumference, cm

The relationship of waist circumference to

blood pressure [29]

Siani A

2002

Systolic blood pressure,

mmHg

Assessment of frequency of progression to
hypertension in non-hypertensive
participants in the Framingham Heart Study

(30]

Vasan RS

2001

Diastolic blood pressure,

mmHg

Assessment of frequency of progression to
hypertension in non-hypertensive
participants in the Framingham Heart Study
[30]

High-normal blood pressure progression to
hypertension in the Framingham Heart Study

[31]

Vasan RS

Leitschuh M

2001

1991

White blood cell,
thousand/uL

Relationship between white blood cell count
and incident hypertension [32]

Shankar A

2004

Hemoglobin, g/dL

Association of hematocrit with blood

pressure and hypertension [33]

EmamianM

2017

Fasting plasma glucose,
mg/dL

The association between fasting plasma
glucose and glycated hemoglobin in the
prediabetes range and future development of
hypertension [34]

Geva M

2019

Total cholesterol, mg/dL

A prospective study of plasma lipid levels

and hypertension in women [35]

Sesso HD

2005




Triglyceride, mg/dL Triglycerides and triglycerides to high- | Tohidi M. 2012
density lipoprotein cholesterol ratio are
strong predictors of incident hypertension
[36]
Creatinine, mg/dL A prospective study of blood pressure and | Perneger TV 1993
serum creatinine [37]
Liver enzyme, IU/L Gamma-glutamyltransferase is a predictor of | Lee DH 2003
Aspartate aminotransferase incident diabetes and hypertension [38]
Alanine aminotransferase
Gammaglutamyl trasferase
C-reactive protein, mg/dL C-reactive protein and the risk of developing | Sesso HD 2003
hypertension [39]
Multiple biomarkers and the risk of incident | Wang TJ 2007
hypertension [40]
Interleukin-6, ng/mL Inflammation and hypertension: the interplay | Chamarthi B 2011
of interleukin-6, dietary sodium and the
renin-angiotensin system in humans [41]
Aldosterone, ng/dL Serum aldosterone and the incidence of | Vasan RS 2004
hypertension in nonhypertensive persons [42]
Follicle-stimulating hormone, | Follicle-stimulating hormone, its association | Wang N 2017
IU/L with cardiometabolic risk factors [43]
Estrogen, pg/mL Serum estrogen metabolites and systolic | Masi CM 2009
blood pressure [44]
Testosterone, ng/dL Serum Testosterone Levels and Arterial Blood | Fogari R 2005
Pressure [45]
Forced vital capacity, L Rate of decline of forced vital capacity | Jacobs D.R 2012
predicts future arterial hypertension [46]
Forced expiratory volume | Blood pressure increase is inversely related to | Engstrom G 2001

during1s, L

lung function [47]




Table S2. General characteristics of internal validation dataset (KNHANES 2016-18).

Internal validation dataset (KNHANES 2016-18)

n=10,333
Men Women
Non- Non-
on . Hypertensio on . Hypertensio
hypertensio n hypertensio n
n P-value | n P-value
n=2245 n=2,075 n=3,576 n=2,437
574 + 635+ 55.1 + 66.1 =
Age, years 0.23 0.24 <00 517 0.21 <001
Income, n 167 .004
1st quartile 520 541 810 620
q (23.2) (26.1) (22.7) (25.4)
ond quartile 568 496 901 619
1 (25.3) (23.9) (25.2) (25.4)
3rd ctil 570 514 885 624
dquartiie (25.4) (24.8) 4.7) (25.6)
4th quartile 587 524 980 574
1 (26.1) (25.3) (27.4) (23.6)
Education, n <.001 <.001
Elementar hool 376 539 731 1343
ermentary schoo (16.7) (26) (20.4) (55.1)
. 261 346 448 335
Middle school (11.6) 16.7) (12.5) 13.7)
698 626 1269 506
High school
111 SO0 (31.1) (30.2) (35.5) (20.8)
Universi 910 564 1128 253
versity (40.5) 72) (31.5) (10.4)
317 591 260 626
Di 11i .001 <.001
iabetes mellitus, n (14.1) (28.5) <.00 73) (25.7) 00
.. . 161 498 386 812
Dyslipidemia, n 72) (24) <.001 (10.8) (33.3) <.001
83 92 211 170
Cancer, n 25 .104
(3.7) (4.4) (5.9) @)
. 179 + 214+ 0.6 + 09+
Smoking, pack-years 0.39 047 <.001 0.06 01 .045
Alcohol  consumption, | 95.3 + 129.7 = <001 199 + 182 + 201
g/week 3.15 3.87 0.96 1.31
. 22544 + 2118.3 + 1651.5 + 1497.1 +
Total energy intake, kcal 18.59 1914 <.001 1093 12.65 <.001
23.8 + 249 + 233+ 251+
BMI, kg/m2 0.06 0.07 <0011 05 0.07 <001
L. 85.1+ 88.8 + 785 + 84.5 +
Waist circumference, cm 017 0.19 <.001 0.14 0.19 <.001
. 116 + 131.1+ 112.8 + 134.7 +
Systolic BP, mmHg 0.23 036 <.001 02 0.36 <.001
. . 755+ 79.5 + 72.7 + 77.9 +
Diastolic BP, mmHg 017 028 <.001 013 023 <.001
104.5 + 112.6 + 975+ 108.3 +
FPG, mg/dL 0.55 0.67 <.001 031 059 <.001
L. 0.9+ 1=+ 0.69 + 0.71 +
Creatinine, mg/dL 0.0031 0.0098 <0011 0033 0.0061 <001
194.3 + 182.5 + 201.6 + 190.9 +
Total cholesterol, mg/dL 0.79 0.87 <.001 0.63 0.82 <.001
Triglyceride, mg/dL 157.1 = 167.8 + .008 115.6 + 138.9 + <.001




272 2.95 132 2.02
6.3+ 6.7 + 57+ 6.1+

WBC, thousand/pL 0.04 0.04 <.001 0.03 0.03 <.001
151+ 149+ 131+ 132+

Hb, g/dL 0.03 0.03 <001 60 0.02 017

Continuous variables are presented as mean + standard error, and categorical variables are presented as

numbers (percentage, %).

Abbreviations: KNHANES, Korea National Health and Nutrition Examination Survey; BMI, body mass index;
BP, blood pressure; FPG, fasting plasma glucose; WBC, white blood cells; Hb, hemoglobin.




Table S3. Baseline characteristics of external validation dataset (KoGES).

External validation dataset (KoGES)

n =4,633
Men Women
Non- New-onset Non- New-onset
hypertensio | hypertensio hypertensio | hypertensio
n n n n
P-val P-val
n=1316 n =847 vae =115 n =855 vaue
494 + 514 + 484 + 535+
Age, years 0.22 03 <.001 019 03 <.001
Income, n <.001 <.001
1st il 127 106 199 224
Stquartiie 9.7) (12.5) (12.3) (26.2)
ond quartile 304 256 477 298
q (23.1) (30.2) (29.5) (34.9)
3rd ctil 540 289 617 227
quartie (41) (34.1) (38.2) (26.5)
4th quartile 345 196 322 106
1 (26.2) (23.1) (19.9) (12.4)
Education, n <.001 <.001
Elementar hool 185 173 452 411
ementary schoo (14.1) (20.4) (28) (48.1)
. 233 203 413 204
Middle school 17.7) (24) (25.6) (23.9)
544 309 595 196
High school
1811 SO0 (41.3) (36.5) (36.8) (22.9)
Universi 354 162 155 44
versity (26.9) (19.1) (9.6) (5.1)
81 59 48 26
Diabetes mellitus, n 51 999
(6.2) () 3) 3)
39 20 27 11
Dyslipidemia, n 481 .57
ysip 3) (2.4) (1.7) (1.3)
4 0 40 21
Cancer, n - 999
(0.3) (0) (2.5) (2.5)
. 122 + 13.3 + 0.3+ 0.3+
Smoking, pack-years 0.45 0.57 .156 0.06 0.07 996
Alcohol  consumption, | 113.5+ 132.1 = o4 9.6 + 75+ 134
g/week 5.01 6.48 0.84 1.07
. 1990.3 + 2040.4 + 1909.5 + 1929.1 +
Total energy intake, kcal 15.21 2404 .08 1728 26.86 .539
23.7 243 + 24 + 251+
BMI, kg/m2 0.08 0.1 <001 507 011 <001
L 814+ 83.7 + 77.7 + 82.6 +
Waist circumference, cm 0.2 0.25 <.001 0.22 032 <.001
. 111 + 117.9 + 107.1 + 118.5+
Systolic BP, mmHg 0.29 0.34 <.001 028 036 <.001
. . 74.7 £ 78.6 + 70.9 + 77.3
Diastolic BP, mmHg 0.2 023 <.001 02 023 <.001
89 + 89 + 82.7 + 83.8 +
FPG, mg/dL 0.59 0.71 987 0.43 0.56 139
L. 1+ 09+ 0.7+ 0.7+
Creatinine, mg/dL 0.004 0.006 261 0.003 0.004 415
1921 + 190.4 + 186.2 + 189.5 +
Total cholesterol, mg/dL 0.94 12 262 0.84 116 .021




. . 160 + 176.5 + 127.7 + 143.4 +
Triglyceride, mg/dL 27 374 <.001 166 261 <.001
6.7 + 6.8+ 6.1+ 6.3 +
WBC, thousand/pL 0.05 0.06 176 0.04 0.06 124
14.7 + 14.7 + 124 + 125 +
Hb, g/dL, 0.03 0.04 197 0.03 0.04 002

Continuous variables are presented as mean =+ standard error, and categorical variables are presented as

numbers (percentage, %).

Abbreviations: KoGES, Korean Genome and Epidemiology Study; BMI, body mass index; BP, blood pressure;
FPG, fasting plasma glucose; WBC, white blood cells; Hb, hemoglobin




Table S4. Baseline characteristics of external validation dataset (KoGES) by quintiles of hypertension
robabilities in Korean men.

Quantiles of hypertension probabilities

Q1 Q2 Q3 Q4 Q5 P for
n =433 n =432 n =433 n =432 n =433 Trend
Range of probabilities 0.0006 — 0.0347 - 0.0882 - 0.1907 — 0.3625 —
0.0347 0.0882 0.1904 0.3619 0.9611
Age, years 46.2+0.3 472 +0.31 49.7 +0.38 52.2+04 55.8 +0.42 <.001
Income, n <.001
1st quartile 18 (4.2) 28 (6.5) 47 (10.9) 52 (12) 88 (20.3)
2nd quartile 70 (16.2) 112 (25.9) 106 (24.5) 123 (28.5) 149 (34.4)
3rd quartile 223 (51.5) 159 (36.8) 172 (39.7) 158 (36.6) 117 (27)
4th quartile 122 (28.2) 133 (30.8) 108 (24.9) 99 (22.9) 79 (18.2)
Education, n <.001
Elementary school | 38 (8.8) 46 (10.6) 65 (15) 77 (17.8) 132 (30.5)
Middle school 67 (15.5) 85 (19.7) 87 (20.1) 96 (22.2) 101 (23.3)
High school 192 (44.3) 176 (40.7) 186 (43) 168 (38.9) 131 (30.3)
University 136 (31.4) 125 (28.9) 95 (21.9) 91 (21.1) 69 (15.9)
Diabetes mellitus, n 18 (4.2) 23 (5.3) 30 (6.9) 23 (5.3) 46 (10.6) .001
Dyslipidemia, n 4(0.9) 6 (1.4) 8 (1.8) 16 (3.7) 25 (5.8) <.001
Cancer, n 1(0.2) 432 (100) 2 (0.5) 1(0.2) 0 (0) -
Smoking, pack-years 12.9 +£0.69 12.4 £0.72 12.3 +£0.81 12.8 +0.87 12.8 £0.85 .826
Alcohol consumption, | 86.4 = 103.6 + 129.2 + 140.6 + 144.1 + <001
g/week 7.16 8.1 9.82 10.1 8.57
Total energy intake, | 2028.3 + 2053.2 = 1981.2 + 2014.3 = 1973 + 114
kcal 27.88 28.44 28.66 33.36 29.58
BMI, kg/m2 229+0.13 23.8+0.13 23.8+0.13 24.3+0.13 24.7 +0.15 <.001
Waist circumference, | 79 + 0.32 81.2+0.33 82 +0.34 83.8+0.33 85.3+0.37 <001
cm
Systolic BP, mmHg 100 +0.34 109.4 +0.26 113.9+0.28 118.7 +0.28 126.5+0.3 <.001
Diastolic BP, mmHg 67.9+0.3 739 +0.25 775 +0.26 79.8 +0.25 82.3+0.23 <.001
FPG, mg/dL 86.2 +1.03 88.1 +0.88 90.2+1.11 89 +0.94 91.4 +1.09 .001
.. 0.94365 + 0.9338 + 0.95704 + 0.96343 + 0.96628 +
Creatinine, mg/dL 0.00731 0.00784 0.00758 0.0081 0.00848 005
Total cholesterol, | 1939+1.64 | 192.7+1.67 | 192.2+1.69 1925+1.6 185.8 +1.72
mg/dL <.001
Triglyceride, mg/dL 153.2 +5.22 153.3 +4.72 159.3 +4.41 178 £5.1 188.7 +5.06 <.001
WBC, thousand/pL 6.6 +0.09 6.6 +0.09 6.7 +0.09 6.8 +0.09 7 +0.09 <.001
Hb, g/dL 14.8 +0.05 14.7 +0.05 14.7 +0.05 14.7 +0.05 14.7 +0.05 14

Continuous variables are presented as median + standard error, and categorical variables are presented as
numbers (percentage, %).
Abbreviations: KoGES, Korean Genome and Epidemiology Study; Q, quintile; BMI, body mass index; BP,
blood pressure; FPG, fasting plasma glucose; WBC, white blood cells; Hb, hemoglobin.




Table S5. Baseline characteristics of external validation dataset (KoGES) by quintiles of hypertension
robabilities in Korean women.

Quantiles of hypertension probabilities

Q1 Q2 Q3 Q4 Q5 P for
n =494 n =494 n =494 n =494 n =494 Trend
Range of probabilities 0.0007 - 0.0219 - 0.0561 — 0.1314 - 0.2908 -
0.0218 0.056 0.1311 0.2907 0.9305
Age, years 444+0.2 46.7 +0.29 48.9 +0.33 52.1+0.35 58.5 +0.34 <.001
Income, n <.001
1st quartile 21 (4.3) 46 (9.3) 74 (15) 99 (20) 183 (37)
2nd quartile 103 (20.9) 135 (27.3) 169 (34.2) 192 (38.9) 176 (35.6)
3rd quartile 230 (46.6) 201 (40.7) 168 (34) 138 (27.9) 107 (21.7)
4th quartile 140 (28.3) 112 (22.7) 83 (16.8) 65 (13.2) 28 (5.7)
Education, n <.001
Elementary school | 52 (10.5) 104 (21.1) 157 (31.8) 216 (43.7) 334 (67.6)
Middle school 121 (24.5) 140 (28.3) 147 (29.8) 123 (24.9) 86 (17.4)
High school 241 (48.8) 199 (40.3) 160 (32.4) 128 (25.9) 63 (12.8)
University 80 (16.2) 51 (10.3) 30 (6.1) 27 (5.5) 11 (2.2)
Diabetes mellitus, n 3(0.6) 8 (1.6) 18 (3.6) 15 (3) 30 (6.1) <.001
Dyslipidemia, n 4(0.8) 6 (1.2) 7 (1.4) 10 (2) 11 (2.2) .35
Cancer, n 15 (3) 14 (2.8) 15 (3) 13 (2.6) 4 (0.8) 121
Smoking, pack-years 0.2+0.06 0.3+0.1 0.4+0.15 0.1+0.07 0.3+0.1 .909
Alcohol consumption, | 7.9 +1.06 11+1.65 9.3+1.42 11.5+2.06 4.7 +0.92 .013
g/week
Total energy intake, | 1934.4 + 1936.7 + 19359 + 1928.3 + 1846.1 + .021
kcal 31.47 34.07 34.95 32.36 30.43
BMI, kg/m2 22.8+0.11 23.8 +0.12 24.6 +0.13 252 +0.15 25.5+0.15 <.001
Waist circumference, | 73.6 £ 0.32 76.9 +0.36 79.9 +0.37 82.1+04 84.6 +0.41 <001
cm
Systolic BP, mmHg 95.4 +0.29 105.1+0.24 111.2+0.26 117.3+£0.26 126.4+0.29 | <.001
Diastolic BP, mmHg 63.2 +0.28 704 +£0.24 742 +0.24 77.6 £0.25 80.3+0.25 <.001
FPG, mg/dL 79.6 £0.5 81.3 +0.65 83.6 +0.8 84.2 +0.84 86.8+0.9 <.001
Creatinine, mg/dL 0.71842 + 0.73016 + 0.73239 + 0.74332 + 0.76012 + <001
0.00393 0.00447 0.00454 0.00483 0.0053
Total cholesterol, | 180.6 +1.37 182.7+1.43 187.3+1.51 193 +1.58 1929 +1.65
mg/dL <.001
Triglyceride, mg/dL 111.2+2.13 1189 +2.46 137.1 £3.55 141.2 + 3.28 157.2+3.72 <.001
WBC, thousand/pL 6+0.07 6.1+0.07 6.3 +0.08 6.1+0.07 6.4+0.08 <.001
Hb, g/dL 12.2+0.05 12.3 £0.05 12.4+0.05 12.5+0.05 12.7 +0.05 <.001

Continuous variables are presented as median + standard error, and categorical variables are presented as

numbers (percentage, %).
Abbreviations: KoGES, Korean Genome and Epidemiology Study; Q, quintile; BMI, body mass index; BP,
blood pressure; FPG, fasting plasma glucose; WBC, white blood cells; Hb, hemoglobin.




Supplementary Figure S1. Predictors for Korean men selected by NRI method.
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Supplementary Figure S1. Predictors for Korean men selected by NRI method (Continued).
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Supplementary Figure S2. Predictors for Korean women selected by NRI method.
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Supplementary Figure S3. CART analysis flowchart

(A) Model for Korean men
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(B) Model for Korean women
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Supplementary Figure S4. Variance importance of the sex-specific hypertension classification model

measured by CART method. (A) Men (B) Women.
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