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ObjectiveaaWe determined whether aldehyde dehydrogenase 2 (ALDH2) activity alters the way in which drinking behaviors are affect-
ed by gene polymorphisms of other alcohol-metabolizing enzymes and serotonin-related proteins.
MethodsaaThrough a follow-up survey with a cohort comprising 551 university freshmen over a period of 6 years, we examined the ge-
netic factors affecting drinking behaviors. In 2000, drinking behaviors were assessed and tryptophan hydroxylase (TPH) and ALDH2 
gene polymorphisms were determined. Drinking behaviors were repeated in 2006 (n=150), and the gene polymorphisms of ADH1B, 
ADH1C, CYP2E1, 5-HTR2A 1438A/G, and 5-HTR2A IVS2 were also determined.
ResultsaaIn 2000, the variant and wild-type ALDH2 groups exhibited little difference in terms of drinking frequency and problem 
drinking. Furthermore, some genotypes influenced only the variant group: ADH1B*2/*2 was associated with a lower drinking frequen-
cy, and CYP2E1 c2 allele was associated with an increased risk of problem drinking. In 2006, drinking frequency and risk of problem 
drinking were significantly lower in the variant group than in the wild-type group. However, the TPH AA genotype disturbed that differ-
ence, meaning that the subjects in the variant group had developed a similar level of risk of problem drinking to that in the wild-type group.
ConclusionaaKorean university freshmen who were identified as a variant group drank as frequently as those in the wild-type group. 
For the subsequent 6 years they drank less frequently, thus decreasing the risk of problem drinking. However, that frequency drop was in-
terrupted in those with gene polymorphisms such as ADH1B*1, CYP2E1 c2, and TPH A.	 Psychiatry Investig 2010;7:270-277
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INTRODUCTION

Drinking habits tend to form in early adulthood when con-
suming alcohol becomes legal, and they often remain for the 
entire lifetime.1 Therefore, problem drinking can be effectively 
prevented by studying young adults’ drinking behaviors and 
managing the identified risk factors. Problem drinking is caused 
by a combination of genetic, psychological, social, and cultur-
al factors. Among these, genetic factors account for 40-60% of 
an individual’s risk of developing problem drinking behaviors 
such as alcohol dependence.2

The ALDH2*2(487Lys) variant of aldehyde dehydrogenase 
(ALDH) genes produces a preventive effect against alcohol de-
pendence by encoding inactive ALDH2 (ALDH2) and aggra-
vating toxic reactions in individuals who consume alcohol.3,4 
However, the impact of ALDH2 activity on drinking behavior 
varies among Asians. For example, when compared with other 
Asian American populations, Korean Americans drink more 
alcohol, are less sensitive to it, and are more often vulnerable to 
alcohol use disorders, even when they carry inactive ALDH2. 
These tendencies are attributable to ethnic features unrelated to 
alcohol-metabolizing enzymes.5,6 This makes it necessary to as-
sess how psychosocial, psychopathological, cultural, and genet-
ic factors influence the impact of the ALDH2 gene on alcohol 
drinking behavior among Koreans.7

Other alcohol-metabolizing enzymes pertaining to alcohol 
dependence include alcohol dehydrogenase (ADH) 1B, AD-
H1C, and cytochrome P450 (CYP) 2E1.8 The genes of these en-
zymes influence drinking behavior by accumulating and re-
moving acetaldehyde to varying degrees depending on the 
activities of the enzymes expressed. ADH1B*2(*47His)9 and 
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ADH1C*1(*350Ile)10,11 alleles express active ADH, which helps 
to prevent alcohol dependence, although their preventive ef-
fects are not as consistent as those of ALDH2 gene polymor-
phisms. The CYP2E1 c2 allele also promotes alcohol metabo-
lism in persons with chronic drinking problems.12

A study involving the gene polymorphisms of tryptophan 
hydroxylase (TPH), an enzyme that limits the oxidation rate of 
tryptophan into serotonin, found that the A allele can be asso-
ciated with early-onset alcohol dependence.13 Therefore, prob-
lem drinking may develop early in life under the influence of 
serotonin-related gene polymorphisms, including TPH. Some 
psychopathological factors often influence this type of alcohol-
ism, including impulsivity and criminal tendencies.

In a previous study conducted in 2000 on 551 university 
freshmen, we identified a relationship between drinking behav-
iors and ALDH2 and TPH genotypes.14 We also examined how 
changes in their drinking behavior in the subsequent 6 years 
were related to ALDH2 activity15 and psychosocial stress.16 The 
present study was designed as a follow-up to that study, to 
identify whether drinking behavior is affected differently in 
subjects with different types of ALDH2 and other genetic poly-
morphisms of alcohol-metabolizing enzymes such as ADH1B, 
ADH1C, and CYP2E1, and those of serotonin-related proteins 
such as TPH, 5-HTR2A 1438A/G, and 5-HTR2A IVS. By iden-
tifying whether there exist other genetic factors that encourage 
drinkers to continue consuming alcohol despite the adverse re-
actions caused by variant ALDH2 genes, this study sought to 
understand drinking behaviors that are unique to Koreans, and 
the risks presented by such behaviors in order to provide infor-
mation that can be used to devise countermeasures against prob-
lem drinking.

METHODS

Subjects
The cohort in this study was the same as that in our previous 

study (n=551 persons; 308 males and 243 females).14 As of March 
2006, when the follow-up study was initiated, 293 of these were 
still at school and the remaining 241 were not. This follow-up 
study was therefore conducted on 150 (102 males and 48 fe-
males) of the original subjects.

Procedures
Before the study was initiated, approval was obtained from 

the Bioethics Committee in Chungbuk National University 
College of Medicine. To obtain the consent of the subjects of the 
2000 study for this additional research, those still attending 
school were contacted with the assistance of the university’s ad-
ministrative office, informed of the purpose of the study, and 
asked to complete a survey. To obtain the consent of the grad-

uates, the survey was mailed to their most recent home address-
es, which were obtained with the help of the administrative of-
fice and the alumni association. The study was carried out be-
tween March and September 2006.

Measurements
Retaining the same basic categories used in the previous 

study’s survey questions, the 2006 survey included questions on 
the subjects’ demographic features, drinking severity, and drink-
ing behavior. To evaluate drinking severity and behavior, a 
questionnaire developed in 1998 by the Korea Institute for 
Health and Social Affairs, entitled the “Korea National Health 
and Nutrition Examination Survey,”17 was revised by incorpo-
rating parts of the CAGE questionnaire18 and the Korean ver-
sion of the Alcohol Use Disorder Identification Test (AU-
DIT-K).19 As in the previous study, the drinking severity index, 
which quantifies drinking severity on a scale of 1 to 30, is calcu-
lated by multiplying a frequency score (from 1 to 6 points) by an 
amount score (1 to 5 points).

Genotyping
The results of the previous study14 on ALDH2 and TPH geno- 

types were utilized once again in this study. Further informa-
tion was obtained by performing additional experiments on 
the subjects’ DNA, which had been obtained in 2000 and pre-
served in a frozen state after obtaining the subjects’ consent. In 
2006, genotyping was carried out using an ABI SNaPshot Mul-
tiplex Kit (ABI, Foster City, CA, USA) according to the manufac-
turer’s recommendations. Following amplification, removal 
of primers and dNTP, and addition of extension primers to 
six SNP sites, SNaPshot products were run on an ABI 3100 sys-
tem and analyzed using GeneScan 3.1 software (ABI). The details 
of the genotyping method have been described previously.20

Data analysis
Based on their ALDH2 genotypes, the subjects were divided 

into the wild-type ALDH2 gene group (ALDH2*1/*1, wild-type 
group) and the variant ALDH2 gene group (ALDH2*1/*2, *2/ 
*2, variant group). Chi-square tests were performed to confirm 
whether the genotypes of proteins such as ADH1B, ADH1C, 
CYP2E1, TPH A218C, TPH2 1463G/A, 5-HTR2A 1438A/G, and 
5-HTR2A IVS2 are relevant to drinking frequency and amount, 
and whether the probability of being classified by CAGE and 
AUDIT-K as being at risk of developing a drinking problem 
(henceforth referred to as simply “at risk”) varied between the 
wild-type and variant groups. When differences among groups 
showed a trend (p≤0.10), Fisher’s exact tests were conducted 
after merging multiple cells of a 2×2 table. In the process of 
merging, subjects who achieved CAGE21 scores of 2 points or 
higher and AUDIT-K19 scores of 12 points or higher were 
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Figure 1. The data-analysis process. ALDH2: aldehyde dehydrogenase, AUDIT-K: Alcohol Use Disorder Identification Test, TPH: 
tryptophan hydroxylase, CYP: cytochrome p450, 5-HTR: 5-hydroxytryptamine receptor.

Searching Candidate Risk Genotypes with χ2 test : 2×3 or 3×3 table
2 or 3 groups : �risk (high or low risk by CAGE, AUDIT-K), frequency (<1/month, 1-4/month, >1/week), 

amount (≤½ bottle, ½-2 bottle, ≥2 bottle)
×

3 Genotypes: TPH (AA, AC, CC), 5HTR2A, 5HTRIVS, ADH1B, ADH1C (AA, GA, GG), CYP2E1 (CC, CT, TT)

Active ALDH2
(wild-type group)

Inactive ALDH2
(variant group)

Discard

p≤0.10 p≥0.10

p≥0.05

Subject
2000 (N=534)
2006 (N=150)

Specific Analysis with Fisher’s exact test: 2×2 table
2 groups: risk (high or low risk by CAGE, AUDIT-K), frequency (1/week), amount (1 bottle)

×
2 Genotypes: TPH (AA, AC+CC), 5-HTR2A (AA, AC+CC), ADH1B (AA, GA+GG), CYP2E1 (CC, CT+TT)

2006		  AA	 GA+

(wild-type)			   TT

Low risk		  156	 82

High risk		  22	 13

2006		  CC	 CT+

(wild-type)			   TT

Low risk		  156	 82

High risk		  22	 13

2000		  CC	 CT+

(wild-type)			   TT

Low risk		  156	 82

High risk		    22	 13

2006		  AA	 GA+

(wild-type)			   TT

Low risk		  156	 82

High risk		  22	 13

2006		  CC	 CT+

(wild-type)			   TT

Low risk		  156	 82

High risk		  22	 13

2000		  CC	 CT+

(variant)			   TT

Low risk		  98	 33

High risk		  10	 10

Logistic Regression
  Dependent Variables: Twp groups in risk, frequency, amount
  Covariants: AHD1B, CYP2E1, TPH

Determination of Risk Genotype in Specific Circumstances

	 Active ALDH2		  Inactive ALDH2

	 2000	 2006	 2000	 2006

     Risk	 CYP2E1 (0.850)	 TPH (0.209)	 CYP2E1 (0.032)	 TPH (0.041)
	 ADH1C (0.478)	 ADH1B (0.039)	 ADH1 (0.599)	 ADH1B (1.000)
		  CYP2E1 (1.000)		  CYP2E1 (0.347)
     Frequency	 ADH1B (0.732)	 TPH (0.632)	 ADH1B (0.016)	 TPH (0.011)
	 ADH1C (0.800)	 5-HTR (1.000)	 ADH1C (0.468)	 5-HTR (0.734)
     Amount	 5-HTR (0.696)		  5-HTR (1.000)			 
	 CYP2E1 (0.354)		  CYP2E1 (1.000)

p≤0.05
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identified as being at risk. The median values of drinking fre-
quency and amount scores were utilized to categorize sub-
jects as follows: those who drink once or less in a week and those 
who drink twice or more (for the frequency); and those who 
drink one bottle of soju or less at a time and those who drink 
more than one bottle at a time (for the amount).  Among Kore-
ans, soju is a popular liquor containing 20-25% alcohol by vol-
ume. One bottle of soju contains nearly seven units of alcohol.

Based on the obtained results, we performed logistic regres-
sion analysis: covariants were the genes confirmed as being as-
sociated with ALDH; dependent variables were the groups 
identified based on the risk of developing problem drinking 

(high-risk and low-risk groups), by frequency (those who drink 
once or less a week, and twice or more), and by drinking amount 
(those who drink one bottle or less at a time, and more than a 
bottle). The data-analysis process is shown in Figure 1.

RESULTS

Gene distribution
The distributions of ADH1B, ADH1C, CYP2E1, TPH A218C, 

TPH2 1463 A/G, 5HTR2A 1438A/G, and 5-HTR2A IVS2 among 
the subjects and their Hardy-Weinberg equilibria are given in 
Table 1. The study performed in 2000 analyzed the responses 
from 533 out of the 534 subjects whose ALDH2 genotypes 
were determined; the single excluded subject exhibited insuf-
ficient responses. Among these 533 subjects, 342 (64.2%) were 
wild-type and 191 (35.8%) were variant. Sixty-six subjects (12.4%) 
were identified by CAGE as being at risk, and their ALDH2 
genotypes did not affect that identification. Among the 150 sub-
jects included in the 2006 study, 149 were analyzed and identi-
fied as either wild-type (n=90, 60.4%) or variant (n=59, 39.6%). 
AUDIT-K identified 22 subjects (14.8%) as being at risk; the 
ALDH2 genotype was a significant factor in that identification 
(Table 2).

Genetic factors affecting drinking frequency 
and amount

In each ALDH2 genotype group we searched for genetic 
factors that varied with the drinking frequency. In 2000, the 
ADH1B genotype did not influence the drinking frequency of 
the wild-type group, but the frequency in the variant group 
was lower when the ADH1B*2/*2 allele was present. In the 
2006 study, the TPH genotype produced no frequency differ-
ences in the wild-type ALDH2 group, whereas the TPH C al-

Table 1. Gene distributions of the subjects

Gene (MIM number)
2000 

(N=551)
2006 

(N=150)
ALDH2 (+100650) *1/*1 342 (64.2) 090 (60.0)

*1/*2 160 (30.0) 053 (35.3)
*2/*2 031 (5.8) 007 (4.7)

HWE χ2 004.29* 000.05
TPH1 (*191060) AA 156 (31.8) 044 (32.4)

AC 238 (48.6) 065 (47.8)
CC 096 (19.6) 027 (19.9)

HWE χ2 000.09 000.11
5-HT2A 1438G/A 
  (*182135.0002)

AA 126 (25.1) 031 (22.0)
GA 252 (50.3) 073 (51.8)
GG 123 (24.6) 037 (26.2)

HWE χ2 000.02 000.20
5-HT2A IVS2 
  (*182135.00003)

AA 019 (3.7) 004 (2.8)
GA 154 (30.3) 039 (27.5)
GG 335 (65.9) 099 (69.7)

HWE χ2 000.06 000.00
ADH1B (+103720) *1/*1 030 (5.9) 005 (3.4)

*1/*2 202 (39.8) 057 (39.3)
*2/*2 276 (54.3) 083 (57.2)

HWE χ2 000.77 001.64
ADH1C (*103730) *1/*1 482 (95.1) 139 (95.2)

*1/*2 023 (4.5) 007 (4.8)
*2/*2 002 (0.4) 000 (0.0)

HWE χ2 007.90* 000.09
CYP2E1 
  (*124040.0001)

c1c1 286 (67.5) 081 (66.9)
c1c2 117 (27.6) 035 (28.9)
c2c2 021 (5.0) 005 (4.1)

HWE χ2 003.77 000.24
Data are presented as N (%). *p<0.05 by χ2 test. HWE: Hardy-
Weinberg equilibrium, ALDH: aldehyde dehydrogenase, TPH: 
tryptophan hydroxylase, 5-HT: 5-hydroxytryptamine, ADH: alco-
hol dehydrogenase, CYP: cytochrome p450

Table 2. Comparison of risk groups (high and low) determined by 
CAGE score (≥2) or Korean version of the Alcohol Use Disorder 
Identification Test (AUDIT-K) score (≥12) between the wild-type 
and variant groups

CAGE (2000)
Wild-type 

group
Variant group Total

Low risk 299 (87.4) 168 (88.0) 467 (87.6)
High risk 043 (12.6) 023 (12.0) 066 (12.4)
Total 342 (100.0) 191 (10.0) 533 (100.0)

AUDIT-K 
  (2006)*

Wild-type 
group

Variant 
group Total

ALDH2 ALDH2
Low risk 072 (80.0) 055 (93.2) 127 (85.2)
High risk 018 (20.0) 004 (6.8) 022 (14.8)
Total 090 (100.0) 059 (100.0) 149 (100.0)

Data are N (%) values. *p<0.05 by Fisher’s exact test. wild-type 
group: ALDH2*1/*1, variant group: ALDH2*1/*2 and ALDH2*2/*2
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lele reduced the drinking frequency in the variant group (Table 
3). With the exception of ALDH2, none of the studied genes 
affected the drinking amount (i.e., no effect was observed in ei-
ther the wild-type or variant group).

Genetic factors affecting identification 
of at-risk subjects 

The genetic factors affecting the probability of being identi-
fied as being at risk (i.e., subjects scoring 2 points or higher in 
CAGE and 12 points or higher in AUDIT-K) were investigat-
ed in both the ALDH2 genotype groups. In the 2000 study, the 
CYP2E1 genotype had a differential impact on the wild-type 
and variant ALDH2 groups, whereby no impact was observed 

in the wild-type group, whereas in the variant group the prob-
ability of being identified as being at risk increased when the 
subjects carried the CYP2E1 c2 allele. In 2006, TPH and AD-
H1B were found to be significant. TPH did not affect the prob-
ability of wild-type subjects being classified as at risk, but it 
considerably reduced that probability among subjects with the 
C allele in the variant group. The ADH1B genotype was be-
nign in the variant group, but increase the probability of being 
identified as being at risk among those with ADH1B*2/*2 in the 
wild-type group (Table 4).

Logistic regression analysis
Logistic regression analysis was carried out using the CY-

Table 3. Comparison of the gene distributions of ADH1B and TPH between the risk groups, determined by the drinking frequencies in the 
wild-type and variant groups

ADH1B (2000)*
Wild-type group Variant group

*2/*2 *1/*1+*1/*2 Total *2/*2 *1/*1+*1/*2 Total
-1/week 75 (48.7) 70 (46.7) 145 (47.7) 67 (63.8) 28 (44.4) 95 (56.5)
-2/week 79 (51.3) 80 (53.3) 159 (52.3) 38 (36.2) 35 (55.6) 73 (43.5)
Total 154 (100.0) 150 (100.0) 0304 (100.0) 105 (100.0) 063 (100.0) 168 (100.0)

TPH (2006)*
Wild-type group Variant group

AA AC+CC Total AA AC+CC Total
-1/week 14 (56.0) 27 (47.4) 41 (50.0) 08 (44.4) 27 (81.8) 35 (68.6)
-2/week 11 (44.0) 30 (52.6) 41 (50.0) 10 (55.6) 06 (18.2) 16 (31.4)
Total 025 (100.0) 057 (100.0) 082 (100.0) 018 (100.0) 033 (100.0) 051 (100.0)

Data are N (%) values. *p<0.05 by Fisher’s exact test only in the variant group. wild-type group: ALDH2*1/*1, variant group: ALDH2*1/*2 
and ALDH2*2/*2. ADH1B: alcohol dehydrogenase 1B, TPH: tryptophan hydroxylase

Table 4. Comparison of the gene distributions of CYP2E1, TPH, and ADH1B between the risk groups determined by CAGE score (≥2) or 
AUDIT-K score (≥12) in the wild-type and variant groups

Wild-type group Variant group
CYP2E1 (2000)* c1c1 c1c2+c2c2 Total c1c1 c1c2+c2c2 Total

Low risk 156 (87.6) 82 (86.3) 238 (87.2) 098 (90.7) 33 (76.7) 131 (86.8)
High risk 022 (12.4) 13 (13.7) 035 (12.8) 10 (9.3) 10 (23.3) 020 (13.2)
Total 0178 (100.0) 095 (100.0) 0273 (100.0) 0108 (100.0) 043 (100.0) 0151 (100.0)

Wild-type group Variant group
TPH (2006)* AA AC+CC Total AA AC+CC Total

Low risk 013 (52.0) 38 (69.1) 051 (63.8) 012 (70.6) 30 (93.8) 042 (85.7)
High risk 012 (48.0) 17 (30.9) 029 (36.3) 005 (29.4) 2 (6.3) 007 (14.3)
Total 0  25 (100.0) 055 (100.0) 0080 (100.0) 0017 (100.0) 032 (100.0) 0049 (100.0)

Wild-type group Variant group
ADH1B (2006)** *2/*2 *1/*1+*1/*2 Total *2/*2 *1/*1+*1/*2 Total

Low risk 023 (53.5) 29 (76.3) 052 (64.2) 028 (84.8) 18 (81.8) 046 (83.6)
High risk 020 (46.5) 09 (23.7) 029 (35.8) 005 (15.2) 04 (18.2) 009 (16.4)
Total 0043 (100.0) 038 (100.0) 0081 (100.0) 0033 (100.0) 022 (100.0) 0055 (100.0)

Data are N (%) values. *p<0.05 by Fisher’s exact test only in the variant group, **p<0.05 by Fisher’s exact test only in the wild-type group. 
wild-type group: ALDH2*1/*1, variant group: ALDH2*1/*2 and ALDH2*2/*2. CYP2E1: cytochrome P450 2E1, TPH: tryptophan hydroxy-
lase, ADH1B: alcohol dehydrogenase 1B, AUDIT-K: Alcohol Use Disorder Identification Test
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P2E1 c1c1, TPH AA, and ADH1B*2/*2 genotypes as covari-
ants, all of which were assumed to influence drinking behavior 
based on the aforementioned observations. In 2000, the CY-
P2E1 c1c1 and TPH AA genotypes were found to be signifi-
cant genetic factors influencing the CAGE-based identifica-
tion of being at risk in the variant group. It was found that the 
TPH AA genotype was still a factor in 2006, increasing the 
drinking frequency in the variant group. The CYP2E1 c1c1 
genotype reduced the probability of being identified as at risk 
by 0.24 times in 2000, while the TPH AA genotype was shown 
to increase that probability in 2000 and to increase the drinking 
frequency in 2006 by about 3.3 and 15.2 times, respectively (Ta-
ble 5).

DISCUSSION

The 2000 study revealed that the ALDH2 genotype does not 
affect an individual’s probability of being identified by CAGE 
as either being at risk or being a frequent drinker, although rel-
evant data for the latter were not reported. However, the ALDH2 
genotype was found to influence the drinking amount. For ex-
ample, 52.6% of the subjects in the wild-type group drank more 
than one bottle of alcohol at a time, while only 32.2% of the 
variant group did so.14 University freshmen with different 
ALDH2 genotypes showed no difference in drinking frequen-
cy, since they drank mainly in response to social pressure. More-
over, once they started drinking, these subjects continued until 
they reached a similar level of drunkenness, which is contingent 
on ALDH2 activity. Therefore, the subjects presented similar 
physiological responses and drinking frequencies, regardless of 
their ALDH2 genotype, albeit with some differences caused 
by ALDH2 activity. As a result, subjects with active and those 
with inactive ALDH2 responded to the CAGE questionnaire 

similarly in terms of whether they felt the need to cut down on 
drinking or whether they ever felt guilty about drinking. How-
ever, in the 6 years since the 2000 study, there have been 
some changes to these observations, since the subjects ap-
pear to have modified their drinking frequency depending 
on their ALDH2 activity, to arrive at different levels of risk of 
developing a drinking problem.

In 2000, it was found that the impact of ADH1B on drink-
ing frequency differed depending on ALDH2 genotype. While 
ADH1B did not reduce drinking frequency among the wild-type 
subjects, ADH1B*2/*2 decreased the drinking frequency among 
those in the variant group. Meanwhile, subjects with ADH1B*1/*1 
and ADH1B*1/*2 in the variant group drank as frequently as their 
wild-type counterparts. The variant ALDH2 gene alone cannot 
reduce the drinking frequency among freshmen, since this is de-
termined by social pressures; drinking frequency is reduced 
when the gene works together with the ADH1B*2/*2 geno-
type. The ADH1B*2 allele expresses the β2 subunit, whose 
turnover rate is 70-80 times higher than that of the β1 subunit ex-
pressed by the ADH1B*1 allele.22 Therefore, unlike ADH1B*1/*1, 
the ADH1B*1/*2 and ADH1B*2/*2 genotypes exert preven-
tive effects against alcohol-use disorder. However, since the 
study included very few subjects with the ADH1B*1/*1 gen-
otype, the gap in drinking frequency observed was attribut-
able to the differences between ADH1B*1/*2 and ADH1B*2/*2. 
The differences in ADH1B activity expressed by the two geno-
types were not distinctive enough to produce a gap in alcohol-
dependence risk.23 Yet, even this subtle difference produced a 
significant impact in the variant group (but not the wild-type 
group) in early adulthood.

The CYP2E1 gene did not affect the risks of problem drink-
ing identified by the CAGE in the wild-type group, while the 
CYP2E1 c2 allele did increase the risk in the variant group. CY-

Table 5. Influence of genotypes on risk groups determined by CAGE score (≥2) or drinking frequency in the variant group

β p Odds ratio 95% CI
CAGE (2000)*

CYP2E1 c1c1 genotype -1.450 0.006 0.235 0.083-0.666
TPH AA genotype -1.197 0.029 3.311 1.131-9.698
ADH1B*2/*2 genotype -0.167 0.766 1.182 0.393-3.552
Constant -1.531 0.014 0.216

Drinking frequency (2006)**
CYP2E1 c1c1 genotype -0.553 0.559 0.575 0.090-3.667
TPH AA genotype -2.720 0.002 15.179 2.738-84.165
ADH1B*2/*2 genotype -0.074 0.932 0.929 0.168-5.132
Constant -1.580 0.129 0.206

*by logistic regression analysis, for model: χ2=11.614, df=3, p=0.009, Hosmer and Lemeshow test: χ2=2.437, df=5, p=0.786, **by logistic re-
gression analysis, for model: χ2=13.898, df=3, p=0.003, Hosmer and Lemeshow test: χ2=3.114, df=5, p=0.682. CI: confidence interval, CYP2E1: 
cytochrome P450 2E1, TPH: tryptophan hydroxylase, ADH1B: alcohol dehydrogenase 1B
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P2E1 influences alcohol metabolism in chronic drinkers, with 
the c2 allele increasing it.12 Therefore, when CYP2E1 activity 
increases in the members of the variant group, they overcome 
their weak alcohol metabolism and continue problem drinking. 
This results in the generation of high levels of toxic substanc-
es such as free radicals. Therefore, those with both the CYP2E1 
c2 allele and the variant ALDH2 gene who continue problem 
drinking are especially susceptible to the physical damage 
caused by alcohol consumption.

CYP2E1 did not produce any differences in the wild-type 
group, whose members promptly metabolize toxic substances. 
However, among the variant group, even subtle physiological 
responses caused by CYP2E1 or ADH1B genotypes produced 
a difference in drinking behavior. Sun et al.24 reported that the 
risk of excessive drinking increases in Japanese males aged 23-
64 years when they carry both the ALDH2*1 and CYP2E1 c2 
alleles. However, the risk of regular excessive drinking increased 
among young Koreans when they carried the ALDH2*2 geno 
type and the CYP2E1 c2 allele. Such a difference, which appears 
to be linked to race, age, and research methods, requires addi-
tional research.

In the 2006 study, the impact of TPH genotype on drinking 
frequency differed with the ALDH2 activity. In the wild-type 
group, nearly 50% of subjects drank two or more times in a 
week, regardless of their TPH genotype. Meanwhile, the pro-
portion of subjects who drank at the same frequency fell to 
18.2% among those with the TPH C allele in the variant group, 
although the variant and wild-type groups had similar propor-
tions of members carrying TPH AA.

Furthermore, the TPH genotype was found to have an impact 
on problem drinking. Those in the wild-type group present-
ed a 36.3% risk of being identified by AUDIT-K as being at 
high risk, regardless of their TPH genotype. In contrast, the risk 
was lower in the variant group, dropping to as low as 6.3% 
among those with the TPH C allele, but to only 29.4% among 
those carrying the TPH A allele. These results indicate that the 
TPH AA allele restrains the process by which inactive ALDH2 
inflicts the adverse reaction that reduces problem drinking.

When they began drinking alcohol in 2000, those in the 
variant group drank as frequently as their counterparts in the 
wild-type group. However, over time, they reduced their drink-
ing frequency, and by 2006 many had ceased to be classified 
as being at risk. As noted above, the TPH AA genotype inter-
feres with the reduction in drinking frequency, which is why peo-
ple with the genotype of the variant group are at a higher risk of 
developing a drinking problem.

A study that examined Korean patients with alcohol depen-
dence found that the TPH A allele is associated with early on-
set of alcohol dependence in people aged 25 years and older.13 
This study again confirmed the gene’s effect, since all of the 

subjects became older than 25 years during the subsequent 
6-year period. This pathogenesis could be attributed to sero-
tonin-related psychosocial factors such as impulsivity, aggres-
sion, and depression.

The results of the logistic regression analysis are similar to 
those of the aforementioned study.13 The 2000 study devised a 
valid model of factors that help to identify those with a risk of 
problem drinking only in the variant group. According to the 
model, the CYP2E1 c1c1 genotype decreases the probability of 
being classified as a problem-drinker. When CYP2E1 activity 
that bypasses ADH and ALDH metabolism is reduced, geneti-
cally weak alcohol metabolism resulting from the variant group’s 
inactive ADLH2 combines with an intensified adverse reac-
tion after drinking to reduce the probability of developing a drink-
ing problem. In contrast, TPH AA increases the probability of be-
ing classified as being at risk by helping to overcome weak alcohol 
metabolism through psychosocial mechanisms, and thus of con-
tinuing drinking.

The 2006 study established a valid model of factors identify-
ing frequent drinkers that applies only to the variant group. 
According to the model, the TPH AA genotype increases the 
probability of being included in a frequent-drinker’s group. 
Subjects with inactive ALDH2 suffered an adverse reaction 
after drinking, which resulted in most of them reducing their 
drinking frequency over the 6-year study period. However, 
those in the variant group with the TPH AA genotype were able 
to resist drinking-related distress and maintain their drinking 
frequency, leading them to be identified as being at risk.

This study was subject to several limitations. The study tracked 
only a small number of demographically homogeneous people 
who were the subjects of the 2000 study. In fact, it was easier to 
track down subjects who remained in school than to locate the 
entire original cohort that had graduated and become scattered 
throughout the country. For that reason, the 2006 study includ-
ed twice as many student subjects as graduates. It also included 
more male than female subjects, because male students returned 
to school after completing their military service, while the wom-
en-who do not serve in the South Korean military-tended to 
graduate earlier than their male counterparts. Thus, the results 
of the 2006 study might apply only to Korean men in their late 
twenties. Going forward, a more comprehensive and systematic 
approach is needed to complement these weaknesses.

Furthermore, different tools were used to identify the at-risk 
group in the 2000 and 2006 studies: CAGE in 2000 and AU-
DIT-K in 2006. CAGE was utilized in 2000 because AUDIT-
K was not widely used at that time. Since CAGE and AUDIT-
K might define aspects of problem drinking differently, caution 
is required when directly comparing and interpreting the results 
of the two studies. However, since both are established tests used 
in alcoholism screening, it would be ideal to utilize both in future 
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follow-up studies and to compare the results.
Despite its limitations, this study is meaningful in that it track-

ed the drinking behavior of Koreans starting from the age 
when it became legal for them to drink alcohol, and compre-
hensively identified the factors affecting their drinking behav-
ior. It can be concluded that Korean university freshmen with 
the variant ALDH2 genotype drink just as frequently as those 
with the wild-type ALDH2 genotype. Although the members 
of variant group on average drink less than the wild-type group, 
both experience similar physical and psychological effects af-
ter drinking due to the weaker alcohol-metabolizing capabil-
ity of the former. Therefore, unlike those in older age groups with 
the variant ALDH2 genotype who drink less and present a low-
er risk of developing problem drinking than those with the 
wild-type gene, young adults with the variant genotype do not 
appear to experience a reduced risk. However, by their late 
twenties their risk falls to a lower level than that of the wild-type 
group due to less-frequent drinking. However, if other metab-
olizing enzymes such as ADH1B and CYP2E1 compensate for 
the weaker alcohol metabolizing capability, or if TPH and psy-
chosocial factors work together to interrupt the drop in drink-
ing frequency, the risk of problem drinking does not decrease. 
Further studies are needed in order to elucidate the psychoso-
cial features and alcohol metabolism of those at risk of prob-
lem drinking.

REFERENCES

1.	 Lee MK. Psychosocial factors for drinking behavior. Korean J Clin Psy-
chol 1993;12:165-179.

2.	 Schuckit MA. Genetics on the risk for alcoholism. Am J Addict 2000;9: 
103-112.

3.	 Chen WJ, Loh EW, Hsu YP, Chen CC, Yu JM, Cheng AT. Alcohol-metab-
olising genes and alcoholism among Taiwanese Han men: independent 
effect of ADH2, ADH3 and ALDH2. Br J Psychiatry 1996;168:762-767.

4.	 Higuchi S, Matsushita S, Muramatsu T, Murayama M, Hayashida M. Al-
cohol and aldehyde dehydrogenase genotypes and drinking behavior 
in Japanese. Alcohol Clin Exp Res 1996;20:493-497.

5.	 Duranceaux NC, Schuckit MA, Luczak SE, Eng MY, Carr LG, Wall TL. Eth-
nic differences in level of response to alcohol between Chinese Americans 
and Korean Americans. J Stud Alcohol Drugs 2008;69:227-234.

6.	 Hendershot CS, Collins SE, George WH, Wall TL, McCarthy DM, Liang 
T, et al. Associations of ALDH2 and ADH1B genotypes with alcohol-re-
lated phenotypes in Asian young adults. Alcohol Clin Exp Res 2009;33: 
839-847.

7.	 Hendershot CS, MacPherson L, Myers MG, Carr LG, Wall TL. Psycho-
social, cultural and genetic influences on alcohol use in Asian American 

youth. J Stud Alcohol Drugs 2005;66:185-195.
8.	 Kang CJ, Kim SG, Kim HK, Hwang IB, Byun WT. Genetic polymor-

phism of alcohol metabolizing enzyme, CYP2E1, in Korean male and fe-
male alcoholic patients. J Korean Soc Biol Ther Psychiatry 2006;12:83-92.

9.	 Whitfield JB, Nightingale BN, Bucholz KK, Madden PA, Heath AC, Mar-
tin NG. ADH genotypes and alcohol use and dependence in Europeans. 
Alcohol Clin Exp Res 1998;22:1463-1469.

10.	 Shen YC, Fan JH, Edenberg HJ, Li T, Cui H, Wang YF, et al. Polymor-
phism of ADH and ALDH genes among four ethnic groups in China 
and effects upon the risk for alcoholism. Alcohol Clin Exp Res 1997;21: 
1272-1277.

11.	 Chen HJ, Tian H, Edenberg HJ. Natural haplotypes in the regulatory se-
quences affect human alcohol dehydrogenase 1C (ADH1C) gene expres-
sion. Hum Mutat 2005;25:150-155.

12.	 Takahashi T, Lasker JM, Rosman AS, Lieber CS. Induction of cytochrome 
P-4502E1 in the human liver by ethanol is cuased by a corresponding in-
crease in encoding messenger RNA. Hepatology 1993;17:236-245.

13.	 Hong JB, Lee SI, Shin CJ, Kim H, Chi KW, Chung IW. Polymorphism of 
tryptophan hydroxylase gene in alcohol dependent patients. J Korean 
Neuropsychiatr Assoc 2001;40:718-726.

14.	 Kim BL, Lee SI, Kim H, Shin CJ, Sohn JW, Chi KH, et al. Effects of psy-
chosocial factors and genotypes of aldehyde dehydrogenase II and tryp-
tophan hydroxylase on the alcohol use in freshmen of a university. Ko-
rean J Psychopharmacol 2004;15:361-370.

15.	 Kim SK, Lee SK, Kim MK, Lee SI. The genetic and psychosocial factors 
affecting the change of drinking behavior of male college students. J Ko-
rean Neuropsychiatr Assoc 2007;46:357-364.

16.	 Kim SK, Lee SI. Effects of ALDH2 genotypes and psychosocial stress 
on the change of drinking behavior in college students. J Korean Acad 
Addict Psychiatry 2008;12:29-36.

17.	 Chungbuk National University, Ministry of Health and Welfare. A pro-
spective study on the genetic and psychosocial effects on the change of 
alcohol drinking behavior of new college students. Report of Health 
Promotion Fund Research Project; 2000.

18.	 Ewing JA. Detecting alcoholism. The CAGE questionnaire. JAMA 1984; 
252:1905-1907.

19.	 Lee BO, Lee CH, Lee PG, Choi MJ, Namkoong K. Development of Ko-
rean version of alcohol use disorders identification test (AUDIT-K): Its 
reliability and validity. J Korean Acad Addict Psychiatry 2000; 4:83-92.

20.	 Park JY, Kim SK, Lee SI. The influence of ADH1B, ALDH2 activities and 
their combination on drinking behaviors of Korean young adults. Ko-
rean J Biol Psychiatry 2010;17:26-36.

21.	 Mayfield D, McLeod G, Hall P. The CAGE questionnaire: validation of 
a new alcoholism screening instrument. Am J Psychiatry 1974;131:1121- 
1123.

22.	 Edenberg HJ. The genentics of alcohol metabolism: role of alcohol de-
hydrogenase and aldehyde dehydroganse variants. Alcohol Res Health 
2007;30:5-13.

23.	 Kim DJ, Choi IG, Park BL, Lee BC, Ham BJ, Yoon S, et al. Major genetic 
components underlying alcoholism in Korean population. Hum Mol Gen-
et 2008;17:854-858.

24.	 Sun F, Tsuritani I, Honda R, Ma ZY, Yamada Y. Association of genetic 
polymorphisms of alcohol-metabolizing enzymes with excessive alcohol 
consumption in Japanese men. Hum Genet 1999;105:295-300.


