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Fig. 5 Flow chart of subject inclusion and exclusion.
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Table 2. Selection of variables

Variables Categorization
1. Men
Sex
2. Women
1. 40~49
Demographic 2. 50~59
Age
factors 3. 60~69
4. =70
1. Urban
Region
2. Rural
1. Living with spouse
Marital status
2. Single, Separated, Divorced,Bereavement
1. College or over
Educational level 2. High school
3. Middle school or less
1. White collar
Socioeconomic .
factors Occupational 2. Pink collar
categories 3. Blue collar
4. Inoccupation
1. High
Household 2. Mid-high
ncome 3. Mid-low
4. Low
Health-related , 1. < 18.5
BMI(kg/m)
factors 2. 18.5-22.9
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3. 23.0-24.9

4. =25.0

1. No
2. Yes

Dyslipidemia

1. Never

Smoking Past

w

Current

—_

Much

Exercise Mid

w ™

Less

1. Less

Stress 2. Mid
3. Much
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e &5 Bt S8 LFYY AW FAS Y5t old 2X|AH g HZA (B
nary logistic regression)& AF&s5tl ot QIstA, ALS]GA|stA QQl § Z& 59
Hess 25

A, 18 25t 1Y ofg H wetate] WAES Brish] fste g =X
A8l 3] YEA(Multinomial logistic regression)g A|S§st@on HA] TE =W
== BRI

A A= 4 dAE R 2 =H|(0dds Ratio, OR)?} 95% 412 +7H95% Confidenc
e Interval, CI)& AF&ESITE. Atg9] FAEA2 SAS version 9.45 AMESIYY, @

£ AN AR fol2ES 5% ARt

4. A=

o] A= ANgaYd ALAOQ US| (Institutional Review board, ©o]dt IRB)oj|A]
IRB 2 oJWA| tidez @ASS HoehatA| ¥ o 2022-3308-01).
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. Aog 1FoR BAstAS f Y F 22d AFA 29009(53.2%), AW AZ
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o’y 1.600%(31.5%)0] DEY Fiol Yolon) FAZ, BIEAE 4] 2 Aol Ho|
0 olgel Ze U4 2982%(53.3%)1 o4 15
,386(52.8%)1 o4 1,880 (32.3%), 5% ©o]sIQl

|

%), BA Zefs G/ 7529(53.0%)1F o’ 90675(34.8%), 5F Hete I
7AoL I 1,5419(54.2%)1 ol 2,

67478(36.5%)0] 0] G RFoM SFZ AL 7MY 2 Hl&S ARSI L
o BF SANCR RostATH(E’d p=0.0065, ©/d p<0.0001). vl &, 7425 £

=M= FHE T 98 2,205%(53.2%)1 o] 1,540%(28.7%), 3AHH 28 2,04
478(54.5%)1t of/d 1,514%(30.8%), BotHH 27d 1,566 (55.5%)1F of/d 1,490 (37.

= T =2 4d [olNe} AR e}
Sl vlsl A ASFolA FEAA U ddstL AZS AF 4 AJT
A<Eale AoEd, A W, 4272 s A2 A|5oM AAISH(BMI

<18.5kg/mi)oll M= &4 1,793 (44.2%)F o1 2,198%(26.7%). 43 (BMI=18.5~22.
9kg/mi)o M= 273 1349(36.9%)F of4d 188%(18.8%). HITH A THA|(BMI=23.0~24.9
kg/m)oM& @4 1,173%Y(53.4%)1} o4 1,259%(38.5%), B]RHE(BMI >25.0kg/mi)
< '3/ 3,0567(66.5%) o17d 2,0199(50.0%) 0.2 F1q =FofA wjgh A oA, 8|9k

oM £ g2 DAYl YLk F WAL OIFAPES WA IPA| g
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Table 3. General characteristics of the study population

Hypertension
Variables Men Women
Total No Yes P-value Total No Yes Pvalue
N % N % N % N % N % N %
Risk Drinking(AUDIT-C) <0.0001 <0.0001
Low 5217 427 2666 51.1 2551 489 12,165 99.6 7,805 642 4360 358
High 7.000 57.3 2,855 40.8 4,145 59.2 4364 357 3,060 70.1 1,304 29.9
Age <0.0001 <0.0001
19-29 2238 183 1316 58.8 922 41.2 2515 206 2,194 87.2 321 12.8
30-39 2.451 20.1 1,219 49.7 1,232 50.3 3306 27.1 27736 82.8 570 17.2
40-49 2,542 208 1,112 437 1430 56.3 3716 304 2636 709 1,080 29.1
50-59 2,220 182 845 38.1 1,375 61.9 3427 28.1 1,922 56.1 1,505 43.9
60-69 1.642 13.4 630 38.4 1,012 61.6 2.289 187 997 436 1,292 56.4
=70 1.124 9.2 399 35.5 725 64.5 1276 10.4 380 29.8 896 70.2
Region 0.0013 <0.0001
Urban 5453 446 2553 46.8 2900 53.2 7.674 628 5218 68.0 2456 32.0
Rural 6.764 554 2968 439 3,79 56.1 8.855 72.5 5647 63.8 3,208 36.2
Marital Status <0.0001 <0.0001
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Living with spouse

Single, separated,
divorced, bereavement

Educational level
College or over
High school
Middle school or less
Occupational categories?®
White collar
Pink collar
Blue collar
Inoccupation
Household income
High
Mid-high
Mid-low
Low
BMI
<18.5
18.5-22.9

8,240
3,977

5,597
4,515
2,105

4,045
1,418
3,910
2,844

4,147
3,752
2,823
1,495

4,053
363

67.4
32.6

45.8
37.0
17.2

33.1
11.6
32.0
23.3

33.9
30.7
23.1
12.2

33.2
3.0

3,484
2,037

2,615
2,129
777

1,873
666
1,679
1,303

1,942

1,708

1,257
614

2,260
229

42.3
51.2

46.7
47.2
36.9

46.3
47.0
42.9
45.8

46.8
45.5
44.5
41.1

55.8
63.1

4,756
1,940

2,982
2,386
1,328

2,172
752
2,231
1,541

2,205

2,044

1,566
881

1,793
134

57.7
48.8

53.3
52.8
63.1

53.7
53.0
57.1
54.2

53.2
54.5
55.5
58.9

442
36.9
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<0.0001

0.0065

0.0015

<0.0001

11,448
5,081

6,843
5,823
3,863

4,355
2,601
2,250
7,323

5,368
4,909
4,015
2,237

8,222
1,001

93.7
41.6

56.0
47.7
31.6

35.6
21.3
18.4
59.9

43.9
40.2
32.9
18.3

67.3
8.2

7,384
3,481

5,278
3,943
1,644

3,365
1,695
1,156
4,649

3,828
3,395
2,525
1,117

6,024
813

64.5
68.5

77.1
67.7
42.6

77.3
65.2
51.4
63.5

71.3
69.2
62.9
49.9

73.3
81.2

4,064
1,600

1,565
1,880
2,219

990
906
1,094
2,674

1,540
1,514
1,490
1,120

2,198
188

35.5
31.5

22.9
32.3
57.4

22.7
34.8
48.6
36.5

28.7
30.8
37.1
50.1

26.7
18.8

<0.0001

<0.0001

<0.0001

<0.0001



23.0-24.9 3206 26.2 1,493 46.6 1,713 534 3271 26.8 2012 615 1259 385
>25.0 4595 37.6 1,639 335 3,056 66.5 4,035 33.0 2,016 50.0 2019 50.0
Dyslipidemia <0.0001 <0.0001
No 7.154 586 3,619 50.6 3,535 494 12,299 100.7 8,573 69.7 3,726 30.3
Yes 5063 414 1902 376 3,161 624 4230 346 2,292 542 1938 4538
Smoking <0.0001 <0.0001
Never 3,147 25.8 1,513 48.1 1,634 51.9 14,506 118.7 9,435 650 5071 350
Past 4569 374 1889 413 2,680 587 1.103 9.0 799 72.4 304 27.6
Current 4501 36.8 2,119 471 2,382 52.9 920 7.5 631 68.6 289 31.4
Exercise <0.0001 <0.0001
Much 3827 313 1,854 484 1,973 51.6 3491 286 245 704 1035 296
Mid 2.916 23.9 1,326 455 1,590 54.5 4459 365 2964 665 1495 335
Less 5474 448 2,341 428 3,133 572 8579 70.2 5445 635 3,134 365
Stress 0.0974 <0.0001
Less 1,878 15.4 809 43.1 1,069 56.9 2.193 18.0 1,245 56.8 948 43.2
Mid 9855 80.7 4,500 457 5355 543 13,467 110.2 9,063 67.3 4,404 32.7
Much 484 4.0 212 43.8 272 56.2 869 7.1 557 64.1 312 35.9
Total (N=28,746) 12,217 100.0 5,521 452 6,696 54.8 16,529 100.0 10,865 65.7 5,664 34.3

aThree groups (white, pink, blue) based on the International Standard Classification Occupations codes.
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Table 4. Results of factors associated with Hypertension

Hypertension
Variables Men Women
OR 95% CI OR 95% CI

Risk Drinking(AUDIT-C)

Low 1.00 1.00

High 1.70  (1.55 - 1.87) 1.34 (1.21 - 1.50)
Age

19-29 1.00 1.00

30-39 1.44  (1.22 - 1.69) 1.49 (1.25 - 1.79)

40-49 1.95 (1.64 - 2.33) 2.84 (2.40 - 3.35)

50-59 2.74  (2.28 - 3.30) 5.17 (4.35 - 6.14)

60-69 2.78  (2.26 - 3.43) 8.17 (6.75 - 9.88)

=70 3.76  (2.92 - 4.83) 15.28 (12.06 - 19.36)
Region

Urban 1.00 1.00

Rural 1.09  (0.99 - 1.20) 1.08 (0.99 - 1.18)
Marital Status

Living with spouse 1.00 1.00

ongle, separated ot 121 (106 - 1.38) 105 (094 - 116)
Educational level

College or over 1.00 1.00

High school 1.07  (0.96 - 1.19) 0.98 (0.88 - 1.09)

Middle school or less 1.11 (0.94 - 1.30) 1.12 (0.96 - 1.29)
Occupational categories®

White collar 1.00 1.00

Pink collar 0.92  (0.80 - 1.07) 1.06 (0.92 - 1.22)

Blue collar 0.98  (0.87 - 1.11) 1.24 (1.06 - 1.44)

Inoccupation 1.02 (0.88 - 1.20) 1.01 (0.90 - 1.14)
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Household income
High
Mid-high
Mid-low
Low

BMI
<18.5
18.5-22.9
23.0-24.9
>25.0

Dyslipidemia
No
Yes

Smoking
Never
Past
Current

Exercise
Much
Mid
Less

Stress
Less
Mid
Much

1.00
1.09
1.07
1.04

1.00
0.67
1.41
2.67

1.00
1.39

1.00
0.91
0.76

1.00
1.15
1.17

1.00
1.00
1.16

(0.97 -
(0.95 -
(0.87 -

(0.51 -
(1.25 -
(2.40 -

(1.27 -

(0.81 -
(0.68 -

(1.01 -
(1.05 -

(0.88 -
(0.90 -

1.22)
1.22)
1.25)

0.88)
1.58)
2.98)

1.51)

1.03)
0.85)

1.30)
1.30)

1.14)
1.49)

1.00
1.05
1.12
1.01

1.00
0.88
1.27
2.41

1.00
1.26

1.00
0.96
1.06

1.00
0.97
0.98

1.00
0.90
1.08

(0.94
(0.99
(0.87

(0.72
(1.15
(2.17

(1.15

(0.80
(0.88

(0.85
(0.88

(0.79
(0.87

1.16)
1.26)
1.19)

1.08)
1.41)
2.66)

1.38)

1.14)
1.28)

1.09)
1.09)

1.02)
1.33)
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Table 5. The results of subgroup analysis for the association between high-risk drinking and Hypertension according to

general characters.

Hypertension
Men Women
Variables Risk drinking (AUDIT-C) Risk drinking (AUDIT-C)
Low High Low High
OR OR 95% CI OR OR 95% CI
Age
19-29 1.00 1.51 (1.21 = 1.90) 1.00 1.30 (098 - 1.73)
30-39 1.00 1.40 (L.15 = 1.71) 1.00 1.47 (1.17 = 1.84)
40-49 1.00 1.94 (L.59 - 237 1.00 1.23 (1.0o1 - 150)
50-59 1.00 2.20 (L.77 = 2.73) 1.00 1.47 (1.19 - 1.89)
60-69 1.00 1.74 (1.37 = 2.99) 1.00 1.31 (092 - 1.86)
>70 1.00 1.80 (132 = 2.47) 1.00 1.56 (0.72 - 3.39)
Region
Urban 1.00 1.62 (141 - 1.87) 1.00 1.47 (1.25 = 1.74)
Rural 1.00 1.79 (1.57 = 2.03) 1.00 1.26 (1.09 - 1.46)
Marital Status
Living with spouse 1.00 1.83 (1.63 - 2.05) 1.00 1.26 (LL11 = 1.44)
g;sgl{iéc??%aeﬁaetae\?ément 1.00 1.53 (130 - 181 100 1.54 (128 -  1.87)
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Educational level
College or over
High school
Middle school or less

Occupational categories?®
White collar
Pink collar
Blue collar
Inoccupation

Household income
High
Mid-high
Mid-low
Low

BMI
<18.5
18.5-22.9
23.0-24.9
>25.0

Dyslipidemia
No
Yes

Smoking

1.00
1.00
1.00

1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00

1.00
1.00

1.60
1.78
2.04

1.61
1.76
1.77
1.77

1.74
1.74
1.79
1.42

1.81
1.22
1.68
1.68

1.65
1.78

1.83)
2.07)
2.60)

1.90)
2.31)
2.09)
2.16)

2.05)
2.07)
2.20)
1.92)

2.12)
2.30)
2.02)
1.96)

1.86)
2.06)

1.00
1.00
1.00

1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00

1.00
1.00

1.35
1.29
1.49

1.30
1.40
1.99
1.22

1.32
1.39
1.28
1.58

1.51
1.75
1.31
1.17

1.35
1.37

1.59)
1.52)
1.87)

1.59)
1.77)
2.65)
1.44)

1.59)
1.67)
1.58)
2.16)

1.77)
2.93)
1.64)
1.41)

1.53)
1.68)



Never
Past
Current
Exercise
Much
Mid
Less
Stress
Less
Mid
Much

1.00
1.00
1.00

1.00
1.00
1.00

1.00
1.00
1.00

1.22
1.75
2.24

1.68
1.73
1.71

1.51
1.76
1.39

(1.02
(1.50
(1.90

(1.42
(1.42
(1.48

(1.17
(1.59
(0.87

1.47)
2.03)
2.64)

2.00)
2.11)
1.97)

1.96)

1.95)
2.20)

1.00
1.00
1.00

1.00
1.00
1.00

1.00
1.00
1.00

1.30
1.42
2.00

1.44
1.23
1.38

0.94
1.41
1.47

(1.15
(1.01
(1.30

(1.16
(1.01
(1.19

(0.69
(1.25
(0.95

1.46)
2.00)
3.09)

1.80)
1.49)
1.60)

1.30)

1.59)
2.28)

a Three groups (white, pink, blue) based on the International Standard Classification Occupations codes.
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Table 6. Subgroup analysis of association with Hypertension by AUDIT-C

Hypertension
Variables Men Women
OR 95% ClI OR 95% CI
AUDIT-C Questions
Frequency of drinking
in one year
Never 1.00 1.00
Monthly or less 1.05 (0.91 - 1.22) 102 (092 - 1.13)
2-4 times a month 1.23 (1.06 - 1.44) 107 (095 - 1.21)
2-3 times a week 1.94 (1.65 - 2.29) 144 (1.23 - 1.68)
>4 days a week 3.02 (2.49 - 3.66) 908 (1.60 - 2.71)
Amount of alcohol consumed
at one time
lor2 1.00 1.00
3or4 120 (1.06 - 1.37) 116 (1.03 - 1.30)
5or 6 154 (1.34 - 177 153 (1.31 - 1.80)
7 to 9 1.70 (1.48 - 195 163 (1.34 - 1.98)
10 or more 1.95 (1.69 - 2.25) 146 (1.16 - 1.85)
Frequency of binge drinking
Never 1.00 1.00
Less than monthly 1.15 (1.01 - 1.31) 109 (097 - 1.24)
Monthly 126 (1.10 - 1.44) 149 (1.22 - 1.66)
Weekly 1.93 (1.70 - 2200 164 (1.37 - 1.96)
Daily or almost daily 316 (2.63 - 380 9201 (.41 - 2.87)

Table 7. Subgroup Analysis of association

diagnosis severity of AUDIT-C

with hypertension according to

Hypertension
Variables Men Women
OR 95% CI OR 95% CI

AUDIT-C severity
Normal 1.00 1.00
Problem drinking 1.33  (1.19 - 1.49) 1.18  (1.03 - 1.34)
Alcohol use disorder 1.85 (1.64 - 2.07) 1.65 (1.41 - 1.94)
Alcohol dependence 3.49 (2.89 - 4.21) 1.90 (1.46 - 2.49)
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Table 8. Subgroup analysis of the association between hypertensive subtypes and high-risk drinking in men and women

Hypertension
. Isolated Systolic Isolated Diastolic Systolic Diastolic
Variables
Normal Hypertension Hypertension Hypertension
OR OR 95% CI OR 95% CI OR 95% CI

Risk drinking (AUDIT-C)
in Men

Low 1.00

High 1.64 (1.27 - 2.11) 1.42 (1.20 - 1.68) 2.07 (1.63 - 2.62)
Risk drinking (AUDIT-C)
in Women

Low 1.00

High 1.07 (0.77 - 1.49) 1.76 (1.33 - 2.33) 1.91 (1.47 - 2.47)
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Table 9. Subgroup analysis of the association between Pulse pressure and

high-risk drinking in men and women

Pulse Pressure

Variables Men
Low Normal High
OR 95% CI OR OR 95% CI

Risk drinking (AUDIT-C)
in Men

Low 1.00

High 0.85 (0.77 - 0.94) 1.59  (1.27 - 1.99)
Risk drinking (AUDIT-C)
in Women

Low 1.00

High 0.90 (0.81 - 0.99) 0.85 (0.63 - 1.13)
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ABSTRACT

Association between High-risk Drinking

and Hypertension Subtypes

JU RIM AHN
Graduate School of Public Health

Yonsei University

(Directed by Professor Eun-Cheol Park, MD., PhD)

World Health Organization has selected drinking as a risk factor for
premature death and has proposed reducing the risky drinking rate as a
goal. In particular, Korea tends to have a high rate of high-risk drinking,
which is emerging as an important public health problem. In addition, the
cardiovascular disease ranks second in total mortality after cancer, and both
coronary artery and cerebrovascular disease have the highest attributable
risk of hypertension. Furthermore, hypertension subtypes and pulse pressure
are newly attracting attention in predicting the risk of cardiovascular and
cerebrovascular disease and identifying the prognosis of hypertension.

Based on data from the 6th to 8th National Health and Nutrition
Examination Survey (2013-2020), a total of 28,746 adults aged 19 years or
older without cardiovascular or cerebrovascular disease complications were
targeted. 57.3% of males and 35.7% of females were high-risk drinkers, and
among them, 59.2% of males and 29.9% of females were hypertensive. In the

analysis of the association between high-risk drinking and hypertension, it
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was confirmed that the odds ratio was 1.70 (OR=1.70, 95% ClI=1.55-1.87) for
men and 1.34 (OR=1.34, 95% CI=1.21-1.50) for women, which was statistically
significant.

In the analysis of the association between drinking behavior and
hypertension through the AUDIT-C questionnaire, it was found that the more
freque-nt drinking, the more drinking, and the higher the binge drinking
frequency, the stronger the correlation with hypertension. There was a clear
positive correlation. The significant time point between the number of drinks
and hypertension was 1.23 (OR=1.23, 95% CI=1.06-1.44) when men consumed
2 to 4 times a month, and 1.44 when women consumed 2 to 3 times a week.
(OR=1.44, 95% C(CI=1.23-1.68). In particular, when drinking at least 4 days a
week, the odds ratio for men was 3.02 (OR=3.02, 95% CI=2.49-3.66) and for
women, the odds ratio was 2.08 (OR=2.08, 95% CI=1.60-2.71). An association
with high blood pressure was found to be three times higher in men and two
times higher in women than in the group that did not. In terms of alcohol
consumptio-n, the odds ratio for males was 1.20 (OR=1.20, 95% CI=1.06-0.37)
and the odds ratio for females was 1.16 (OR=1.16, 95% CI=1.03-1.30) when 3
or more drinks were consumed in one drinking session for both men and
women. The significant time point for binge drinking frequency with
hypertension was an odds ratio of 1.15 (OR=1.15, 95% CI=1.01-1.31) for men
less than one month and an odds ratio of 1.42 (OR=1.42, 95% CI=1.22-1.66)
for women every month. In addition, the group who consumed binge drinking
every day or almost every day, similar to the frequency of drinking, had an
odds ratio of 3.16 for men (OR=3.16, 95% CI=2.63-3.80) and an odds ratio of
2.01 for women (OR=2.01, 95% CI=1.41-2.87)) compared to the group that did
not drink. The risk of developing hypertension increased by about 3 times

for men and about 2 times for women.
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In case of high-risk drinking, systolic/diastolic hypertension showed the
highest correlation among the hypertension subtypes in both men and
women, respectively, with an odds ratio of 2.07 (OR=2.07, 95% CI=1.63-2.62)
for men and 1.91 (OR=1.91, 95% ClI=1.47-2.47)) for women which was about
twice as high as that of the normotensive group. In males, the next highest
order was isolated systolic hypertension, followed by isolated diastolic
hypertension, and all subtypes were significant. On the other hand, single
diastolic hypertension followed in females, and isolated systolic hypertension
was not significant. In addition, high-risk drinking and high pulse pressure
were only statistically significant in males with an odds ratio of 1.59
(OR=1.59, 95% CI=1.27-1.99).

This suggests the need for specific standards for each drinking behavior in
hypertension management guidelines. In particular, males have a higher
high-risk drinking rate, the age range is wider than females, and elevated
systolic hypertension and pulse pressure are prominent. Based on these
statistical health characteristics and the peculiarity of each hypertension
subtype, the prognosis of hypertension and the relative risk of cardiovascular
disease in men are judged to be high, and women are also identified as
having a potential risk. In other words, the importance of behavior
modification in this regard is emerging, and active and continuous drinking
and blood pressure management strategies according to the characteristics of

each subject are required.
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