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The Influence of ADHIB, ALDH2 Activities and Their Combination
on Drinking Behaviors of Korean Young Adults”

Jae-Young Park, M.D., Sie-Kyeong Kim, M.D., Ph.D.," Sang-Ick Lee, M.D., Ph.D.

ABSTRACT

gene polymorphisms of alcohol metabolizing enzymes. This study examined the gene polymorphisms of
ALDH2 and ADH1B and their combination on the drinking behaviors of Korean young adults.

Methods : Through a follow—up survey performed for a cohort consisting of 551 university freshmen for six
years, the authors attempted to identify genetic factors affecting drinking behaviors. In 2000, drinking behav-
iors and scores of CAGE questionnaires were assessed and ALDH2 gene polymorphism was determined with
PCR—RFLP. In 2006(n= 150), AUDIT—K was assessed in addition to the above and gene polymorphism of
ADH1B was determined through SNaPshot™ method.

Results : While ALDH2+2 allele was associated with increased degree of drinking in 2000 and 2006. When
both enzymes were active, the possibility to be classified into the risk group for alcohol dependence such as
AUDIT-K(>12), and CAGE(>2) was high.

Conclusion : The ALDH2 genotype had a significant effect on drinking behavior and degree of drinking
during early adulthood. However, the combination of the active form of ADH1B and the active form of ALDH2
can be risk factor for problem drinking.

O bjectives : It is well-known that Korean people show distinctive drinking behaviors depending on the
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Table 1. Gene distribution of subject

A 30%) 22 A" PCR 71AI(ABI 9700, Applied
Biosystems, Foster City, California, USA) ¢llA] 253]
oY FEA F, AEAY ANTPE AlAskL 7709
GAA7HHA el ;HE}S‘]—L— g Al (extension
primer) & 237 SnaPshot ™ multiplex kit (Applied Bi-
osystems, Foster City, California, USA) & WF&-A]71 3
ABI 3100 automatic sequencer®} GeneScan Analy-
sis 3.1 software (Applied Biosstems, Foster City,
California, USA) & o]&3le] Akl 7712 HA
AR} 5 2 o] o]83t fA = ADHIBE PCR A
¥ 5’ —aatcttttctgaatctgaacag—3’ (forward), 5 —
gatgecggetgectcatgg—3 (reverse) o] 4 Ak f

[e=[Ke)

d2 5’ —aaaaaaaaaaatggtggctgtaggaatctgte—3’ |tk
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A, 27 HE é—? = AL A, 55 AUE A
9} AUDIT-K H vlue d-gaz]AHAA (one—way

ANOVA) S O]Q’O‘}oﬂ ] fo]$k 2jolE Ho ]L 39 A
T Aoz LSDHS AMESIYh e AR SPSS
12.0K for windowsZ o]gsle] EXslon o4

=2 0.05 oJ3t= 3Tt
A L,

1. P HEY
20005 95~ tid 5517 % 15078¢] 200615 X
Aol SESE QAT AT dARe] 2000 =4k 20061 5=

Time 2000 2006
ALDH2 ] /%] 342(64.2) 90(60.0)
#1 /%2 160(30.0) 53(35.3)

#2/%2 31(5.8) 7(4.7)

HWE x2 4.29* 0.05

ADHI1B #1/%1 30(5.9) 5(3.4)
#1/%2 202(39.8) 57(39.3)
#2/%2 276(54.3) 83(57.2)

HWE x2 0.77 1.64

x 1 p<0.05 by chi-square test. HWE : Hardy-Weinberg equilibrium, ALDH2 : aldehyde dehydrogenase 2, ADH1B :

alcohol dehydrogenase 1B
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Fig. 1. Comparison tfo risk group determined by CAGE
according to ADHIB and ALDH2 activity (2006). Inac-
fivetActive : ADH1B*1/x1, *1/%2, ALDH2+1/*1, Active+In-
active : ADH1B#2/x2, ALDH2+1/%2, %2/+2, Active+Active :
ADH1B*2/%2, ALDH2x1/*1, Inactivel ptinactive : ADH1B:=
1/%1, %1/%2, ALDH2%1 /%2, %2/%2.
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Fig. 2. Probability of drinking 2 or more times at a night
according to ADH1B and ALDH2 activity (2006) . Inac-
fivet+Active : ADH1B+1/x1, *1/%2, ALDH2+1/*1, Active+ In-
active : ADH1B*2/%2, ALDH2*1/%2, =2/%2, Active+Active :
ADH1B=2/%2, ALDH2x1/%1, Inactive+Inactive : ADH1Bx*
1 /%1, %1/%2, ALDH2#1/%2, #2/+2.

Fig. 3. Comparison of risk group determined by AUDIT-
K according to ADH1B and ALDH2 activity (2006) . Inac-
fivetActive : ADH1B«#1/x1, *1/%2, ALDH2*1/*1, Active+tIn-
active : ADH1B*2/+2, ALDH2x#1/%2, %2/+2, Active+Active :
ADH1B=2/%2, ALDH2#1/+*1, Inactive+Inactive : ADH1Bx*1
/%1, %1/%2, ALDH2x%1 /2, %2/+2.
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Table 2. Drinking behaviors according to ALDH2 and ADH1B genotype and allele

o vt B v

A og FEEGITE ALDH2+1/+19 ADHIB#2/%2
AP o7 ALDH2+1/+2, #2/+29F ADHIB
#1413} x1/%2 FAAES v o2 gslgltt, v
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A% 2, @4 ADHIB/EA
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A 4z AgEte] el e &5 Yo

Drinking Behaviors (year) Genotype, n Allele, n(%)
ALDH2 w1 /x] #1/[%2 *2[%2 ] *2 x2?
Average alcohol use per —1/2Bottle 15 100 20  402(51.2) 140(68.6) 20.207**
drinking episode (2000) 1Bottle 115 39 4 269(34.2) 47(23.0)
2Bottle- 52 11 3 115(14.6) 17( 8.3)
Drinking 2 or more times at Yes 153 54 11 360(46.0) 76(37.8) 4.322%
a night (2000) No 164 95 15 423(54.0) 125(62.2)
Frequencies of heavy No 102 68 13 272(39.1)  94(51.1) 8.825**
drinking episodes (2000) —3Times/year 113 41 9 267(384) 59(32.1)
1—3Times/3month 39 14 2 92(13.2) 18( 9.8)
1—3Times/month- 29 7 3 65(9.3) 13(7.1)
Amount of heavy drinking (2000) —1/2Bottle 29 28 8 86(17.5)  44(34.9) 22.394**
1Bottle 38 21 3 97(19.7)  27(21.4)
2Bofttle 69 22 6 160(32.5)  34(27.0)
3Bofttle 68 13 4 149(30.3) 21(16.7)
. Absent 184 122 20  490(63.6) 162(79.8) 19.172**
Black out episode (2000)
Present 127 27 7 281(36.4) 41(20.2)
Average alcohol use per —1/2Bottle 24 28 3 76(43.4) 34(61.8) 5.672*
drinking episode (2006) 1Bottle— 41 17 2 99(56.6)  21(38.2)
Drinking 2 or more times at Yes 48 26 2 122(68.9) 30(54.5) 3.841*
a night (2006) No 18 19 3 55(31.1)  25(45.5)
Frequencies of heavy No 18 21 3 57(32.2) 27(49.1) 6.101*
drinking episodes (2006) —3Times/year 35 15 1 85(48.0) 17(30.9)
1—3Times/3month- 13 9 1 35(19.8) 11(12.0)
Volition of abstinence (2006) Absent 38 34 5 110(62.1)  44(80.0) 5.993*
Present 28 11 0 67(37.9)  11(20.0)
Black out episode (2006) Absent 27 32 3 86(49.1)  38(69.1) 6.702*
Present 38 13 2 89(50.9) 17(30.9)
ADH1B (2000)
Amount of heavy drinking (2000) —1Bottle 44 67 56(35.4) 178(41.2) 6.732*
2Bottle 39 53 45(28.5) 145(33.6)
3Bottle- 11 35 37 57(36.1) 109(25.2)
Drinking 2 or more times at Yes 1 26 46 28(52.8) 118(69.0) 4.664*
a night (2006) No 3 19 17 25(47.2)  53(31.0)

x 1 p<0.05,

— 30

: p<0.01 by Chi-square test. ALDH2 : aldehyde dehydrogenase 2, ADHIB : alcohol dehydrogenase IB



Table 3. Comparisons of drinking amount according to ALDH2 and ADH1B genotypes

Severity index of drinking

Genotype (n) CAGE
Total scale Frequency scale Amount scale
2000
ADH1B *1/x1( 30) 0.70(1.06) 8.63(6.53) 3.24(1.38) 2.52(1.27)
#1/%2(202) 0.47(0.77) 7.88(5.87) 3.38(1.20) 2.40(1.00)
#2/%2(276) 0.56(0.79) 7.34(5.73) 3.21(1.23) 2.28(1.10)
F 1.453 0.954 0.995 1.175
ALDH2 #1/%1(342) 0.52(0.81) 8.29(6.00) 3.30(1.29) 2.53(1.04)
x1/%2(160) 0.55(0.76) 6.23(5.06) 3.11(1.13) 1.97(1.04)
x2/x2( 31) 0.48(0.77) 6.23(6.32) 3.33(1.47) 1.93(1.04)
F 0.137 7.835%*t 1.287 17.165**t
2006
ADH1B #1/%1( 5) 0.60(0.55) 8.20(5.85) 2.80(1.30) 2.60(1.14)
x1/%2(57) 0.42(0.73) 7.65(4.57) 2.87(1.14) 2.67(1.02)
#2/%2(82) 0.63(0.94) 8.12(5.87) 2.93(1.36) 2.62(1.18)
F 1.064 1.136 0.045 0.043
ALDH2 *1/%1(90) 0.70(0.92) 9.11(5.56) 3.11(1.28) 2.91(1.03)
*1/%2(52) 0.29(0.64) 6.56(4.60) 2.69(1.18) 2.27(1.05)
x2/x2( 7) 0.29(0.76) 4.86(3.76) 2.14(1.07) 2.29(1.50)
F 4.458*t 5.375%* 3.343+F 6.336**t
# 1 p<0.05, #* : p<0.01 by one-way ANOVA, t : There were significant difference between (x1/+1)group and

(x1/%2+%2/+2) groups by post hoc test with LSD. F : There were significant difference between (x1/+1+x%1/%2) groups
and (x1/%2+%2/+2) group by post hoc test with LSD, ALDH2 : aldehyde dehydrogenase 2, ADH1B : alcohol dehy-

drogenase 1B
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Table 4. Comparisons of drinking behaviors among groups determined by activities of ALDH2 and ADH1B

Group
1 2 3 4 2
ADH1B Inactive  Active Active  Inactive
ALDH2 Active  Inactive  Active  Inactive
2000
Average alcohol use per —1/2Bottle 74(49.7) 72(69.2) 69(44.8) 41(64.1)  19.640**
drinking episode 1Bottle 51(34.2) 25(24.0) 58(37.7) 16(25.0)
2Bottle- 24(16.1) 706.7) 27(17.5) 7(10.9)
Amount of heavy drinking —1/2Bottle 24(18.3) 38(43.7) 25(18.5) 20(35.7) 37.866**
1Bottle 30(22.9) 21(24.1) 24(17.8) 8(14.3)
2Bofttle 34(26.0) 20(23.0) 49(36.3) 17(30.4)
3Bofttle 43(32.8) 8( 9.2 37(27.4) 11019.6)
Black out episode Absent 89(60.5) 83(79.8) 86(57.00 51(81.00 22.675**
Present 58(39.5) 21(20.2) 65(43.0)0 12(19.0)
2006
CAGE High risk (=2) 5(12.8) 3( 8.6) 13(27.7) 1( 4.3 9.088*
Low risk(<1) 34(87.2) 32(91.4) 34(72.3) 22(95.7)
Average alcohol use per —1/2Bottle 12(31.6) 23(65.7) 13(28.3) 12(52.2)  16.032*
drinking episode 1Bottle 18(47.4) 10(28.6) 20(43.5)  7(30.4)
2Bofttle- 8(21.1) 2( 5.7) 13(28.3) 4(17.4)
Drinking 2 or more times at a night Yes 24(66.7) 17(58.6) 39(88.6) 12(54.5)  11.806**
No 12(33.3) 12(41.4) 5(11.4) 10(45.5)
Frequencies of heavy No 9(25.00 18(62.1) 10(22.2)  7(33.3)  25.590**
drinking episodes —3Times/year 22(61.1)  8(27.6) 19(42.2) 9(42.9)
1—3Times/3month 2( 5.6) 1(3.4) 14(31.1) 4(19.0)
1—3Times/month- 3083 2069 2044 10498
Black out episode Absent 14(38.9) 20(69.0)0 13(31.0)0 15(68.2) 14.783**
Present 22(61.1) 9(31.0)  29(69.0) 7(31.8)
AUDIT-K High risk (=12) 9(23.7) 5(15.2) 20(46.5) 4(18.2)  11.429*
Low risk (=11) 29(76.3) 28(84.8) 23(53.5) 18(81.8)

# 1 p<0.05, =+ 1 p<0.01 by chi-square test. ALDH2 : aldehyde dehydrogenase 2, ADHI1B : alcohol dehydrogenase
IB, AUDIT-K : Korean Version of alcohol use disorder identification test
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Table 5. Drinking amount among groups determined by ADH1B and ALDH2 activities

Group 1 2 3 4
ADHI1B Inactive Active Active Inactive F
ALDH2 Active Inactive Active Inactive
2000(n) 161 111 165 71
CAGE 0.49(0.81) 0.57(0.73) 0.56(0.83) 0.52(0.83) 0.275
Severity index 8.44(6.11) 5.89(5.25) 8.32(5.85) 6.92(5.46) 5.594% T
Frequency scale 3.34(1.28) 3.04(1.23) 3.32(1.22) 3.40(1.09) 1.732
Amount scale 2.54(1.02) 1.87(1.03) 2.55(1.05) 2.14(1.05) 11.967*+%
2006 (n) 39 35 47 23
CAGE 0.51(0.72) 0.29(0.62) 0.89(1.05) 0.30(0.70) 4.683**8
Severity index 7.88(4.51) 5.60(4.20) 10.00(6.26) 7.26(4.84) 5.094%"
Frequency scale 2.87(1.21) 2.49(1.22) 3.26(1.37) 2.78(1.09) 2.627
Amount scale 2.84(1.00) 2.11(1.08) 3.00(1.12) 2.48(1.12) 5.094** T
AUDIT-K 9.08(4.66) 6.36(4.38) 11.65(6.04) 8.55(4.16) 7.083* 1
# 1 p<0.05, ** : p<0.01 by one-way ANOVA, T : There were significant difference between (1+3+4) groups and (2+4)

groups by post hoc test with LSD, F : There were significant difference between (1+3) groups and (2+4) groups by post
hoc test with LSD, § : There were significant difference between (1+2+4) groups and 3 group by post hoc test with

LSD, 1|

: There were significant difference between (1+2+4)groups and (1+3) groups by post hoc test with LSD, | :

There were significant difference among (1+4) groups, (2+4) groups and 3 group by post hoc test with LSD. Ma-
ximum value in each group expressed with bold type. S.D : Standard Deviation. ALDH2 : aldehyde dehydrog-
enase 2, ADHI1B : alcohol dehydrogenase IB, AUDIT-K : Korean Version of Alcohol Use Disorder Identification Test
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