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Gene variants encoding several of the alcohol-metabolizing enzymes, alcohol
dehydrogenase (ADH) and aldehyde dehydrogenase (ALDH), are among the largest
genetic associations with risk for alcohol dependence. Certain genetic variants (i.e.,
alleles)—particularly the ADH1B*2, ADH1B*3, ADH1C*1, and ALDH2*2 alleles—have
been associated with lower rates of alcohol dependence. These alleles may lead to
an accumulation of acetaldehyde during alcohol metabolism, which can result in
heightened subjective and objective effects. The prevalence of these alleles differs
among ethnic groups; ADH1B*2 is found frequently in northeast Asians and occasionally Caucasians, ADH1B*3 is found predominantly in people of African ancestry,
ADH1C*1 varies substantially across populations, and ALDH2*2 is found almost
exclusively in northeast Asians. Differences in the prevalence of these alleles may
account at least in part for ethnic differences in alcohol consumption and alcohol
use disorder (AUD). However, these alleles do not act in isolation to influence the risk
of AUD. For example, the gene effects of ALDH2*2 and ADH1B*2 seem to interact.
Moreover, other factors have been found to influence the extent to which these alleles
affect a person’s alcohol involvement, including developmental stage, individual characteristics (e.g., ethnicity, antisocial behavior, and behavioral undercontrol), and environmental factors (e.g., culture, religion, family environment, and childhood adversity).
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Epidemiological studies have demonstrated that drinking patterns and the
prevalence of alcohol-related adverse
consequences, including alcohol use
disorder (AUD), differ substantially
among racial/ethnic groups in the
United States. For example, analyses
comparing drinking patterns and
their consequences among Whites,
Blacks, Asians, and Hispanics found
the following: Whites have the highest
risk and Asians have the lowest risk
of AUD among these ethnic groups;
Hispanics have higher rates and Asians
have lower rates of heavy drinking

than do Whites; and Hispanics and
Blacks are more likely to have health
and social problems from drinking
than are Whites and Asians (Chartier
and Caetano 2010). Other studies
have found subgroup differences within
racial/ethnic groups for alcohol-related
problems; for example, individuals of
Korean ancestry have higher rates of
AUD than those of Chinese ancestry
(Helzer et al. 1990; Luczak et al. 2004).
These differences among racial/
ethnic/ancestry groups result from a
variety of biological, genetic, and environmental influences, some of which

relate to the metabolism of alcohol
and are explored in this article. Genes
encoding several variants of alcoholmetabolizing enzymes are among the
largest genetic associations with the
risk for alcohol dependence (Li 2000).
This article briefly reviews how alcohol
is metabolized in the body and describes
ethnic differences in some of the genes
encoding the enzymes involved in
alcohol metabolism, as well as the
mechanism by which these genes are
thought to give rise to differences in
rates of alcohol dependence. The article
also summarizes what is known about
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potential individual and environmental influences that may moderate the
effects of these gene variants.

Alcohol Metabolism
The key enzymes involved in alcohol
metabolism in the liver are alcohol
dehydrogenase (ADH) and aldehyde
dehydrogenase (ALDH). ADH mediates (i.e., catalyzes) the oxidation of
beverage alcohol (ethanol) into acetaldehyde. Acetaldehyde then is further
metabolized by ALDH into acetate.
These two reactions need to be properly
coordinated in the body because accumulation of acetaldehyde can lead
to heightened responses as well as
unpleasant reactions, such as flushing,
nausea, vomiting, hypotension, and/or
rapid heartbeat (i.e., tachycardia).
Variant forms of several ADH and
ALDH enzymes exist and are encoded
by an individual’s genes. These variants (i.e., alleles) produce enzymes
with different properties, resulting in
potential differences in the rates with
Table

which alcohol or acetaldehyde are
metabolized. As a result, these variants
also may influence a person’s response
to alcohol, drinking behavior, and
consequent risk of developing an
AUD. People possessing certain ADH
or ALDH alleles have significantly
lower rates of alcohol dependence.
The following sections review four
of the best-studied ADH and ALDH
variants—ADH1B*2 (rs1229984),
ADH1B*3 (rs2066702), ADH1C*1
(rs698), and ALDH2*2 (rs671)—and
their associations with a variety of
alcohol-related factors or phenotypes.
The table reports the allele frequencies
of these genes in different populations.

ADH Variants
To date, seven different ADH genes—
ADH1A, ADH1B, ADH1C, ADH4,
ADH5, ADH6, and ADH7—have
been identified clustered together
on the long arm of chromosome
4 (Edenberg 2007). Of these, the
ADH1A, ADH1B, and ADH1C genes
encode the majority of the ADH

enzymes that metabolize alcohol in
the liver. Several genome-wide association studies of alcohol dependence
have found significant results in the
region of chromosome 4q that
includes the ADH gene cluster in a
variety of ethnically diverse samples
(e.g., Gelernter et al. 2014). The ADH
gene with the largest effect size with
alcohol dependence is ADH1B.
Significant associations have been
found for the ADH1B*2 allele and
alcohol dependence in Asian populations (Li et al. 2012a; Luczak et
al. 2006a), as well as in European
and African-American populations
(Bierut et al. 2012; Whitfield 1997,
2002). Whitfield (2002) found that
Europeans with one ADH1B*2 allele
were about half as likely (odds ratio
[OR] = 0.47) to be alcohol dependent
as individuals without this genetic
variant (ADH1B*1/*1 genotype). In a
large meta-analysis of Asian, European,
African, Hispanic, and NativeAmerican samples, individuals with
an ADH1B*2 allele overall were about
half as likely to be alcohol dependent

Gene Frequencies of Specific Alleles of the Genes Encoding Alcohol Dehydrogenase (ADH) and Aldehyde Dehydrogenase (ALDH) in Different
Ethnic Populations

Allele

rs Number

ADH1B*2

rs1229984

ADH1B*3

rs2066702

ADH1C*1

rs698

ALDH2*2

rs671

Frequency in Different Populations
European
Asian
Sub-Saharan African
African American

A allele
0.000–0.008
0.739–0.771
0.000
0.000

G allele
0.992–1.000
0.229–0.261
1.000
1.000

European
Asian
Sub-Saharan African
African American

C allele
1.000
1.000
0.500–0.783
0.733

T allele
0.000
0.000
0.217–0.500
0.267

European
Asian
Sub-Saharan African
African American

C allele
0.523–0.527
0.927–0.975
0.938–0.958
0.800

T allele
0.473–0.477
0.025–0.073
0.042–0.062
0.200

European
Asian
Sub-Saharan African
African American

C allele
0.000
0.110–0.282
0.000
0.000

T allele
1.000
0.718–0.890
1.000
1.000

SOURCE: dbSNP Database (www.ncbi.nlm.nih.gov/snp).
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as those without this genetic variant
(OR = 0.49) (Li et al. 2012a). The
protective association is also greater
for individuals with two ADH1B*2
alleles (Li et al. 2012a; Luczak et al.
2006a). When subgroup analyses were
conducted, the associations were larger
in Asian populations (Li et al. 2012a).
This is likely a result of the combined
effects of the ADH1B*2 and
ALDH2*2 alleles, as expanded upon
below (Luczak et al. 2006a).
A second ADH1B gene variant, the
ADH1B*3 allele, has been related to
lower rates of alcohol dependence in
many but not all association studies
(Edenberg 2007; Edenberg et al.
2006, 2010; Ehlers et al. 2001, 2007;
Gizer et al. 2011; Luo et al. 2006;
Wall et al. 1997a). Significant associations for the ADH1B*3 allele and
alcohol dependence primarily have
been found in individuals of African
ancestry where this genetic variant is
most prevalent (Edenberg et al. 2006;
Luo et al. 2006).
A variant of the ADH1C gene, the
ADH1C*1 allele, also has been well
studied with respect to alcohol dependence, but the results have been
inconsistent because of limited sample
sizes, ethnic variation, and the close
proximity of the ADH1B and ADH1C
genes. Some studies showed that
ADH1C*1 and ADH1B*2 are in linkage disequilibrium, suggesting that
associations of ADH1C*1 with alcohol
dependence may be attributed to
correlation with ADH1B*2 (Borras et
al. 2000; Chen et al. 1999a; Osier et
al. 1999). A large meta-analysis of
Asian, European, African, and NativeAmerican samples found that individuals with an ADH1C*1 allele overall
were about one-third as likely to be
alcohol dependent as those without
this genetic variant (OR = 0.66)
and also demonstrated a larger effect
(OR = 0.48) in Asian populations
(Li et al. 2012b). Furthermore, linkage
disequilibrium analyses located the
ADH1C gene in a different haplotype
block than the ADH1B gene, suggesting the associations may be indepen-

dent of one another, even though the
two genes are close together.
The proposed mechanism by which
these ADH alleles lead to lower rates
of alcohol dependence relate to differences in the characteristics of the
enzymes that they ultimately encode.
The ADH1B*2 and ADH1B*3 alleles
are thought to encode enzymes that
oxidize ethanol at an increased rate
compared with enzymes encoded by
the more common ADH1B*1 allele,
resulting in faster acetaldehyde production. Because this increased production may lead to the accumulation of
acetaldehyde and potentially more
intense and/or unpleasant alcohol
reactions (e.g., a flushing response),
people carrying these alleles may be
less likely to drink alcohol, particularly
at high levels, and accordingly they
also may be less likely to develop an
AUD (Wall 2005; Wall et al. 2013).
Similarly, the ADH1C*1 allele is
thought to encode an enzyme that
accelerates the conversion rate of
alcohol into acetaldehyde relative to
the ADH1C*2 allele and thus may
lead to acetaldehyde buildup after
alcohol consumption, thereby promoting reduced alcohol consumption and
ultimately protection against AUD
(Li et al. 2012b).
The findings assessing this proposed
mechanism of action—that ADH1B
and ADH1C variations reduce alcohol
dependence risk through elevated
acetaldehyde levels, heightened
responses to alcohol, and reduced
drinking—have been inconsistent.
ADH1B*2, ADH1B*3, and ADH1C*1
have not been associated with elevations in acetaldehyde, although acetaldehyde is difficult to measure in the
low concentrations expected from
these alleles. Many but not all studies
have found that ADH1B*2 is associated with increased sensitivity to
alcohol (i.e., increased flushing and
associated symptoms; see Wall et al.
2013 for review). The ADH1B*3 allele
has been associated with a faster rate
of alcohol elimination and a more
intense response to alcohol in individ-

uals of African ancestry (McCarthy
et al. 2010; Thomasson et al. 1995).

ALDH Variants
The acetaldehyde generated by the
ADH-mediated oxidation of ethanol
is further oxidized by two main
ALDH enzymes—ALDH1 and
ALDH2—encoded by different genes.
With regard to ALDH, the ALDH2*2
allele has shown the largest association
with alcohol dependence. A metaanalysis of studies of Asian samples
(Luczak et al. 2006a) indicated that
having one ALDH2*2 allele was associated with a four- to fivefold reduction in alcohol dependence (OR =
0.22), and having two ALDH2*2
alleles was associated with an eight- to
ninefold reduction in alcohol dependence (OR = 0.12). This meta-analysis
also examined the effect of ALDH2*2
and ADH1B*2 alleles in combination
on the risk for alcohol dependence
(Luczak et al. 2006a). In ALDH2*1/*1
individuals (i.e., ALDH2*1 homozygotes), one ADH1B*2 allele was associated with about one-fourth (OR =
0.26) and two ADH1B*2 alleles were
associated with about one-fifth (OR =
0.20) the risk of alcohol dependence
compared with individuals with no
ADH1B*2 alleles. In ALDH2*1/*2
individuals (people who carry one
ALDH2*2 allele and one ALDH2*1
allele; i.e., who are heterozygous), one
ADH1B*2 allele was associated with
about one-sixth (OR = 0.17) and two
ADH1B*2 alleles were associated with
about one-eleventh (OR = 0.09) the
risk of alcohol dependence compared
with individuals with no ADH1B*2
alleles. These results suggest both
ALDH2 and ADH1B each contribute
unique protective effects on alcohol
dependence, and the level of protection may be even stronger in conjunction than alone (i.e., a gene × gene
interaction exists).
A similar mechanism of action has
been proposed for how ALDH2*2
results in lower rates of alcohol dependence (Wall 2005; Wall et al. 2013).
According to this model, ALDH2*2
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encodes a deficient protein subunit
that has low or no activity. As a result,
acetaldehyde generated by the actions
of ADH cannot be readily metabolized and accumulates in the body.
Consistent with this assumption, in
vitro and in vivo studies have demonstrated that compared with the
enzyme activity generated in cells or
organisms homozygous for ALDH2*1
(i.e., ALDH2*1/*1 genotype), those
who are heterozygous show only 12 to
20 percent of the enzyme activity and
elevated acetaldehyde levels, and those
who are homozygous for ALDH2*2
show no enzyme activity and even
higher acetaldehyde levels (Bosron
and Li 1986; Wall et al. 1997b).
Consequently, people who are homozygous for ALDH2*2 experience acetaldehyde buildup even after consuming
only small amounts of alcohol. As a
result, these individuals rarely consume
large amounts of alcohol, and there
are very few documented cases of
people with this genotype having
alcohol dependence (Chen et al.
1999b; Luczak et al. 2004).
Because of the accumulation of
acetaldehyde, people carrying the
ALDH2*2 allele are thought to experience heightened responses to alcohol.
This has been confirmed in self-report
and alcohol-challenge studies. Thus, in
self-report studies ALDH2*2 has been
related to indicators of alcohol sensitivity, such as alcohol-induced flushing
and other symptoms (e.g., nausea,
headaches, and palpitations). Similarly,
numerous alcohol-challenge studies
found that people who are heterozygous for ALDH2*2 experience flushing
as well as changes in pulse rate, hormone
levels, psychomotor performance, and
neurophysiological reactivity compared
with people homozygous for ALDH2*1
who had the same blood alcohol
concentrations. People who are homozygous for ALDH2*2 experience even
more intense subjective and objective
reactions to alcohol (see Wall et al.
2013).
As a result of this heightened sensitivity to alcohol, people with the
ALDH2*2 allele may have lower posi62| Vol. 38, No. 1 Alcohol Research: C u r r e n t

tive and higher negative expectancies
about alcohol’s effects. Alcohol expectancies are thought to be mediators
between the biological factors that
determine the physiological consequences of alcohol consumption and a
person’s actual alcohol use. Thus, people
who are highly sensitive to alcohol’s
unpleasant effects because they carry
the ALDH2*2 allele may be less likely
to drink because they do not expect
alcohol to have pleasant, reinforcing
effects and instead may expect it to
have unpleasant, aversive ones. Several
studies examining the association
between ALDH2*2 and alcohol expectancies support this hypothesis. Two
studies (McCarthy et al. 2000, 2001)
found that ALDH2*2 was associated
with reduced positive expectancies but
was unrelated to negative expectancies.
In another analysis (Hendershot et al.
2009b), people with ALDH2*2 alleles
reported greater negative expectancies
and thought that alcohol had greater
physiological effects than did people
without the allele.
The greater sensitivity to alcohol
and the resulting altered alcohol
expectancies then are likely to lead to
lower rates of drinking and of heavy
drinking. Thus, several studies have
found that people with one ALDH2*2
allele showed lower quantity and
frequency of alcohol use and engaged
in less binge drinking than did people
without this allele; the presence of two
ALDH2*2 alleles exacerbated these
effects (see Wall et al. 2013). Reduced
consumption, in turn, leads to fewer
alcohol-related adverse consequences,
as indicated by lower scores on questionnaires measuring hazardous alcohol
use and alcohol-related problems
(Hendershot et al. 2009a, 2011).
Similarly, hangovers and blackouts as
consequences of heavy drinking also
are inversely associated with ALDH2*2
(Luczak et al. 2006b; Wall et al.
2000). A longitudinal study found
that ALDH2*2 changes the association
between alcohol consumption and
problems over time, with ALDH2*2
group differences in alcohol-related
problems fully accounted for by differReviews

ences in frequency of binge drinking
(Luczak et al. 2014).
Similar to the results from metaanalyses showing that the ALDH2 and
ADH1B genes may have an interactive
effect on alcohol dependence (Luczak
et al. 2006a), some self-report and
alcohol-challenge data in Asians suggest
that the effects of ADH1B*2 may
be stronger in individuals with
ALDH2*1/*2 genotype (e.g., Chen
et al. 1999b; Cook et al. 2005; Luczak
et al. 2006b; Takeshita et al. 1996,
2001). For example, in one study of
Asians who carried the ADH1B*2
allele, a heightened sensitivity to alcohol
was reported only if they also carried
the ALDH2*2 allele, whereas no
increase in sensitivity was reported by
people carrying ADH1B*2 in combination with only ALDH2*1 alleles
(Luczak et al. 2011). Similarly, an
alcohol-challenge study only found an
increased response to alcohol in people
with ADH1B*2 who also were heterozygous for ALDH2*2 (Cook et al.
2005). These results suggest that the
effects of ADH1B*2 may be felt more
strongly in Asians who already have
some heightened sensitivity to alcohol
from possessing one ALDH2*2 allele,
but additional research is needed to
confirm these findings.

Ethnic Differences in
Prevalence of ADH1B,
ADH1C, and ALDH2 Alleles
Prevalence of ADH1B
and ADH1C Alleles
The ADH1B*2 allele is found in 80
percent or more of northeast Asians
(i.e., Chinese, Japanese, and Koreans)
and about 50 percent of Russians and
Jews, but only in 10 percent or less of
Caucasians of European ancestry
(Goedde et al. 1992; Osier et al. 2002).
However, within the large Asian
ethnic group, variations in the prevalence of the ADH1B*2 allele exist
among subpopulations (Eng et al. 2007).

The ADH1B*3 allele is found
predominantly in people of African
ancestry (about 30 percent) and in
much lower prevalence in certain
Native Americans (i.e., Mission Indians),
likely because of admixture (Bosron et
al. 1983; Edenberg et al. 2006; Wall
et al. 1997a, 2003). This allele rarely
has been found in Asians and Whites.
The ADH1C*1 allele varies substantially across different populations. It is
highly prevalent in Asian and African
groups (80 percent or more) and
lower in Caucasians of European
ancestry (about 50 percent) (Eng et
al. 2007; Li et al. 2012b).

Prevalence of ALDH2 Alleles
ALDH2*2 is found almost exclusively
in northeastern Asian populations,
albeit with varying prevalences among
different Asian ethnicities (see Eng et
al. 2007). For example, among Han
Chinese, overall approximately
one-third of individuals possess at least
one ALDH2*2 allele, with different
studies determining prevalence ranging
from 20 to 47 percent of participants.
In contrast, ALDH2*2 was much less
commonly found among Chinese and
Taiwanese natives. Studies of Japanese
identified prevalence rates of 41 to
52 percent for the ALDH2*2 allele,
whereas analyses of Koreans found
ALDH2*2 prevalence of 29 to 37
percent. In other Asian ethnicities
(e.g., Thais), the ALDH2*2 allele is
much less common and is found only
in 10 percent or less of individuals. In
all cases, only a small proportion of
the individuals were homozygous for
this allele (about 5 percent); most were
heterozygous (Eng et al. 2007).

Moderators of the Effects
of ADH1B*2 and ALDH2*2
Although the studies described above
demonstrate that ADH1B and
ALDH2 variants influence the risk of
AUD, it also is clear these genes and
their alleles do not act in isolation.
The effects of the ADH1B*2 allele on

a person’s risk of AUD also depend
on the person’s ALDH2 genotype.
Thus, Asians who carry the ALDH2*2
allele show a greater protective effect
(i.e., a lower risk of alcohol dependence) from the ADH1B*2 allele than
do people who only carry the functional ALDH2*1 allele (Luczak et al.
2006a). However, numerous additional factors may influence the extent
to which ALDH2*2 and ADH1B*2
affect a person’s risk of alcohol
involvement and AUD. Even the
design of the studies assessing the associations between genotypes and AUD
risk may influence the results. Thus,
results from a meta-analysis study
found that both the diagnostic system
used in a study and the recruitment
strategy used to identify study participants moderated the effects of
ALDH2*2 on risk of alcohol dependence (Luczak et al. 2006a). For
example, studies that used the more
stringent criteria of the International
Code of Diseases, 10th Edition (ICD–
10) to establish an AUD diagnosis
rather than the less stringent criteria
of the Diagnostic and Statistical Manual
of Mental Disorders, 3rd Edition,
Revised (DSM–III–R) revealed a
greater protective effect of ALDH2*2.
Similarly, studies in which participants were recruited from treatment
settings showed greater protective
effects of ALDH2*2 than did studies
involving recruitment of community
samples, Thus, these findings demonstrate the importance of methodological issues that must be considered
when examining the influence of
moderators of gene effects. Only by
accounting for these potential moderators will researchers be able to further
understand the influences of these
alleles and their interactions with
other variables on alcohol-related
behaviors and the risk of AUD.
Other possible moderators of these
gene effects include the following:
• Developmental stage;
• Individual characteristics, such as
ethnicity, antisocial behavior, and
behavioral undercontrol; and

• Environmental factors, such as
culture, religion, family environment, and childhood adversity.
These factors are discussed in the
following sections. Because ALDH2*2
has the largest effect on alcohol dependence and because it is found almost
exclusively in Asian populations, most
of this discussion will focus on this
gene and these ethnic groups.

Developmental Stage
The magnitude of ALDH2*2 effects
on alcohol use phenotypes has been
shown to change over the course of
development. In particular, associations of ALDH2*2 with alcoholrelated measures become stronger over
the course of adolescence and young
adulthood as alcohol use increases
(Doran et al. 2007; Irons et al. 2007,
2012; Luczak et al. 2014). These findings are consistent with twin studies
and studies of other candidate genes
where genetic influences on alcohol
phenotypes increase with age (Dick
et al. 2006; Rose and Dick 2005).
Furthermore, although ALDH2*2
protects against the development of
alcohol dependence, the protection
is not complete. In the presence of
alcohol dependence or at lower levels of alcohol use, individuals with
ALDH2*2 alleles are more vulnerable
to alcohol-related pathologies—particularly head and neck cancers, but
also liver disease, pancreatitis, and
Alzheimer’s disease—consistent with
a role of acetaldehyde in the pathogenesis of organ damage (Brennan et al.
2004; Brooks et al. 2009; Hao et al.
2011; Lewis and Smith 2005; Yang et
al. 2010; Zhang et al. 2010; Zintzaras
et al. 2006). Thus, the influence of
ALDH2*2 seems to change over the
course of drinking; that is, ALDH2*2
is protective at one stage of alcohol use
(i.e., progression to heavy drinking)
but becomes a risk factor at another
stage (i.e., progression to alcoholrelated medical problems). Prospective
studies are needed to determine how
Biology, Genetics, and Environment| 63

Antisocial Behavior
Antisocial behavior and conduct disorder (CD) consistently have been identified as risk factors for alcohol use
and AUD (see Krueger et al. 2002;
Waldman and Slutske 2000). In
both genders, symptoms of antisocial
behavior and CD precede alcoholrelated problems (Disney et al. 1999;
Slutske et al. 1998). The prevalence
of antisocial behavior as indicated by
a diagnosis of antisocial personality
disorder (ASPD) and CD differs
among men and women and also

shows racial/ethnic differences. In all
populations studied, the prevalence
for these conditions is significantly
higher among men than among women
(e.g., Lee et al. 1990; Luczak et al.
2004). Ethnic differences have been
demonstrated particularly among
Asian populations. For example,
the rates of ASPD were substantially
higher among South Koreans (1.6
percent) (Lee et al. 1990) than among
Taiwanese (0.1 to 0.2 percent) (Hwu
et al. 1989). Similarly, the prevalence
of CD was higher among KoreanAmerican college students (29 percent
of men and 2 percent of women)
than among Chinese-American college
students (9 percent of men and 2
percent of women) (Luczak et al. 2004).
Several studies have analyzed
whether differences in prevalence of
protective alleles of alcohol-metabolizing
enzymes and ASPD/CD could account
for differences in the prevalence of
AUD in different populations. A
study assessing the relationship between
ALDH2*2, CD, and alcohol dependence in Korean Americans and Chinese
Americans found that although CD
was a significant mediator of alcohol
dependence, no significant interaction
existed between CD and ALDH2*2.
In other words, both ALDH2*2 and
CD influenced the risk of alcohol
dependence, but these effects were
independent of each other (Luczak
et al. 2004). Other studies, however,
have suggested that ASPD might
interact with ALDH2*2 to influence
alcohol dependence. A study comparing ALDH2 and ADH1B allele status
in Taiwanese with and without ASPD
and/or alcohol dependence found that
ALDH2*2 showed reduced association
with alcohol dependence in people
with ASPD compared with people
without ASPD. ADH1B*2 also no
longer showed any association with
alcohol dependence in antisocial
alcoholics (Lu et al. 2005). Another
study found that the prevalence of
ASPD was higher in alcoholics with
the ALDH2*2 allele than in alcoholics
without this allele (Iwahashi 1995).
These findings suggest that the protec-
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gene effects may change over the
lifespan.

Individual Characteristics
Ethnicity
A study comparing Korean Americans
and Chinese Americans examined
whether differences in the prevalence
of the ALDH2*2 allele mediated
ethnic differences in AUD and whether
the effect of ALDH2*2 was moderated
by ethnicity (Luczak et al. 2004).
These analyses found that ALDH2*2
was a significant mediator of protection
against alcohol dependence across
different ethnic groups. However, no
significant interaction existed between
ALDH2*2 and ethnicity. Another
study, in contrast, found an interaction
between ALDH2*2, ethnicity (i.e.
Korean vs. Chinese), and alcohol
dependence (Luczak et al. 2001).
Chinese with an ALDH2*2 allele
were about one-quarter as likely to be
alcohol dependent as those without
the allele, whereas among the Koreans
those with ALDH2*2 were half as
likely to be alcohol dependent. This
finding suggests that ALDH2*2 may
have a stronger protective effect in
Chinese than in Koreans. However,
additional studies are needed to further
explore this issue to conclusively determine the interplay between ALDH2*2
and ethnicity, as well as other factors
that might underlie ethnic differences.

tive effects of ALDH2*2 may be less
strong in people with more antisocial
behavior.

Behavioral Undercontrol
One of the personality traits known to
predict alcohol and other drug use and
abuse is behavioral undercontrol, a
personality trait characterized by
impulsivity, sensation seeking, and
disinhibition (Sher et al. 2000). It also
can explain, at least in part, the association between CD and AUD discussed
above—that is, people with behavioral
undercontrol also are more likely to be
diagnosed with CD (Slutske et al. 2002).
Researchers have investigated whether
the increase in AUD risk conferred by
behavioral undercontrol interacts with
the reduction in risk conferred by
ALDH2*2. One study (Doran et al.
2007) examined whether ALDH2
status and the levels of behavioral
undercontrol influenced the risk of
binge drinking over a 2-week period
in 18- to 29-year-old college students.
The study found that, as expected,
ALDH2*2 reduced the risk of binge
drinking, whereas behavioral undercontrol increased binge-drinking
frequency. However, behavioral
undercontrol did not seem to moderate
the effects of ALDH2*2; instead, the
effects of both factors were additive.
This finding may be explained by the
fact that behavioral undercontrol
seems to act primarily at the level of
alcohol use initiation (i.e., people with
high levels of impulsivity and sensation
seeking may be particularly likely to
try alcohol and other drugs). In contrast,
ALDH2*2 influences not alcohol
use initiation but continued use (i.e.,
people with ALDH2*2 are less likely
to continue using alcohol because they
experience more intense effects).

Environmental Factors
Culture
Cultural influences, such as societal
beliefs regarding alcohol use, which

are shaped by traditions, religious
beliefs, and other philosophies widely
acknowledged within a society, also
shape drinking behaviors. For example, both Chinese and Korean cultures
are influenced by Confucian philosophy, which emphasizes drinking in
moderation (Bond and Hwang 1986;
Cheng 1980). In addition, however,
in Korean culture it also is important,
especially for men, to socialize and
drink heavily, which may result in
greater acceptance of heavy drinking
and alcohol problems (Cho and
Faulkner 1993; Higuchi et al. 1996;
Park et al. 1998a,b). Such cultural
differences may contribute to the
observed higher prevalence of AUD
in people of South Korean heritage
compared with those of Chinese or
Taiwanese heritage (Helzer et al. 1990;
Luczak et al. 2004). However, as
mentioned previously, differences
in the prevalence of ALDH2*2 and
ADH1B*2 between different Asian
ethnic groups also may account for
at least part of the difference in AUD
prevalence.
Further support for the relationship
between culture and drinking behavior
comes from observations that changes
in cultural influences over time also
may be followed by changes in drinking
behaviors. Such developments, which
have been observed in several Asian
countries, also may moderate the
influence of biological protective
factors such as ALDH2*2. For example,
a Japanese study found that between
1979 and 1992, when alcohol
consumption became more culturally
accepted and social pressure to drink
increased, the proportion of Japanese
patients who received treatment for
alcohol dependence and carried the
ALDH2*2 allele increased from 2.5
percent to 13 percent, indicating that
the protective effects of ALDH2*2 had
declined (Higuchi et al. 1994). Along
the same lines, increasing acculturation of Asian Americans to American
culture led to more heavy drinking
and binge drinking (Hendershot et al.
2005). However, the extent of this
effect was influenced by ethnicity.

Thus, greater levels of acculturation in
the United States may increase bingedrinking risk among people of
Chinese origin but not among those
of Korean origin.

Religion
Higher levels of religious behavior
(e.g., commitment, affiliation, and
service attendance, primarily with
Christian religions) have been associated with lower alcohol use and
related problems in the United States
(e.g., Cochran et al. 1988; Midanik
and Clark 1994; Wechsler et al.
1998). Similar analyses have been
conducted with Asian and AsianAmerican populations, with different
results depending on the population
studied. Thus, whereas religious affiliation and involvement, particularly
with Protestant denominations, was
related to lower rates of alcohol
involvement among Korean Americans
(Lubben et al. 1989), the findings
were inconsistent for Chinese
Americans (Chi et al. 1988, 1989). In
another study, religious affiliation as
measured by service attendance was
related to lower rates of binge drinking
in Koreans regardless of their religion;
among Chinese, however, such a relationship was found only among those
affiliated with Western religions
(Luczak et al. 2003).
Because twin studies have identified
gene–environment interactions of religiosity with alcohol use behavior
(Heath et al. 1999; Koopmans et al.
1999), researchers also have investigated
potential interactions with ALDH2*2
status. These analyses found that religiosity moderated the association
of ALDH2*2 with binge drinking
(Luczak et al. 2003). Specifically,
religious service attendance was related
to binge drinking only in people
homozygous for ALDH2*1, but not
in those with at least one ALDH2*2
allele, suggesting that the protective
effect of ALDH2*2 may be less strong
in people with higher levels of religiosity.

Family Environment
Adoption studies can be especially
informative for disentangling genetic
influences from those of social environment. In particular, studies of
adoptees can help determine if effects
may be due to genetic factors or
modeling behavior in the adoptive
family environment. A study of
adopted adolescents and young adults
of Asian descent found that the effect
of ALDH2*2 was moderated by environmental influences of parental
alcohol use and misuse as well as
sibling alcohol use. Specifically,
high parental alcohol use and misuse
reduced the protective effect of
ALDH2*2 on alcohol phenotypes,
whereas low parental alcohol use and
misuse enhanced the effect of the allele
(Irons et al. 2012). In a similar fashion, sibling alcohol use also appeared
to moderate the effect of ALDH2*2
on an adoptee’s drinking behavior
(Irons et al. 2007).

Childhood Adversity
Many but not all studies have shown
that exposure to adverse events in
childhood, such as sexual, emotional,
and physical abuse, is a risk factor for
developing an AUD in adulthood
(Keyes et al. 2011). In a sample of
Israeli adults with a relatively high
prevalence of the ADH1B*2 allele (47
percent either heterozygous or homozygous), a history of childhood adversity
moderated the influence of ADH1B*2
on alcohol-related phenotypes (Meyers
et al. 2015). There was a stronger
effect of ADH1B*2 on AUD severity
and the maximum number of drinks
consumed in a day in individuals who
had a history of childhood adversity
compared with those who did not.
Thus, ADH1B*2 seems to exert a
stronger effect in individuals whose
risk for drinking is increased by their
childhood adversity, although longitudinal studies are needed to confirm
this finding.
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Variations in the alcohol-metabolizing
enzymes ADH and ALDH and the
genes encoding them are associated
with alcohol-related behaviors and
the risk of AUD. In particular, the
ADH1B*2, ADH1B*3, ADH1C*1,
and ALDH2*2 alleles have shown
protective associations with alcohol
dependence. The ADH1B*2,
ADH1C*1, and ALDH2*2 alleles
have high prevalence in Asian populations and the ADH1B*3 and
ADH1C*1 alleles in African populations, which may contribute to the
differences in AUD prevalence
observed among larger racial groups
(i.e., Whites, Blacks, and Asians).
Moreover, the prevalence of these
alleles varies among different Asian
subpopulations and may account at
least in part for the different rates of
AUD among those populations.
However, it also is clear that these
alleles alone cannot explain all the
differences in AUD prevalence between
racial and ethnic groups; individual
and environmental factors also play a
role. In studies of Asian populations,
some of these factors demonstrate
additive effects to those imparted by
ADH1B*2 and ALDH2*2. In other
cases, however, these additional factors
interact with and moderate the effects
of these alleles. In addition, a gene–
gene moderating effect appears to exist
between ADH1B*2 and ALDH2*2,
such that among people of Asian descent
the effects of ADH1B*2 may be larger
in those who also carry ALDH2*2.
Further exploration of the interactions
between various genetic, individual,
and environmental factors influencing
drinking behavior and thus risk of
AUD is necessary to fully understand
how drinking behavior is shaped
across developmental stages, which
individual characteristics place people
at risk for alcohol-related problems
or AUD, when and where individuals
are at most or least risk, and how
preventive measures and interventions
can reduce risk.

The authors declare that they have no
competing financial interests.

Cho, Y.I., and Faulkner, W.R. Conceptions of alcoholism
among Koreans and Americans. International Journal of
the Addictions 28(8):681–694, 1993. PMID: 8349386

66| Vol. 38, No. 1 Alcohol Research: C u r r e n t

Reviews

References

Cochran, J.K.; Beeghley, L.; and Bock, E.W. Religiosity
and alcohol behavior: An exploration of reference group
theory. Sociological Forum 3:257–277, 1988.

Bierut, L.J.; Goate, A.M.; Breslau, N.; et al. ADH1B is
associated with alcohol dependence and alcohol
consumption in populations of European and African
ancestry. Molecular Psychiatry 17(4):445–450, 2012.
PMID: 21968928

Cook, T.A.; Luczak, S.E.; Shea, S.H.; et al. Associations
of ALDH2 and ADH1B genotypes with response to alcohol in Asian Americans. Journal of Studies on Alcohol
66(2):196–204, 2005. PMID: 15957670

Bond, M.H., and Hwang, K.-K. The social psychology of
Chinese people. In: Bond, M.H., Ed. The Psychology of
Chinese People. Hong Kong: Oxford University Press, pp.
213–266, 1986.
Borras, E.; Coutelle, C.; Rosell, A.; et al. Genetic polymorphism of alcohol dehydrogenase in Europeans: The
ADH2*2 allele decreases the risk for alcoholism and is
associated with ADH3*1. Hepatology 31(4):984–989,
2000. PMID: 10733556
Bosron, W.F., and Li, T.-K. Genetic polymorphism of
human alcohol and aldehyde dehydrogenases, and
their relationship to alcohol metabolism and alcoholism.
Hepatology 6(3):502–510, 1986. PMID: 3519419
Bosron, W.F.; Magnes, L.J.; and Li, T.-K. Human liver
alcohol dehydrogenase: ADH Indianapolis results from
genetic polymorphism at the ADH2 gene locus.
Biochemical Genetics 21(7–8):735–744, 1983. PMID:
6354175

Dick, D.M.; Bierut, L.; Hinrichs, A; et al. The role of
GABRA2 in risk for conduct disorder and alcohol and drug
dependence across developmental stages. Behavior
Genetics 36(4):577–590, 2006. PMID: 16557364
Disney, E.R.; Elkins, I.J.; McGue, M.; and Iacono, W.G.
Effects of ADHD, conduct disorder and gender on
substance use and abuse in adolescence. American
Journal of Psychiatry 156(10):1515–1521, 1999. PMID:
10518160
Doran, N.; Myers, M.G.; Luczak, S.E.; et al. Stability of
heavy episodic drinking in Chinese- and Korean-American
college students: Effects of ALDH2 gene status and
behavioral undercontrol. Journal of Studies on Alcohol
and Drugs 68(6):789–797, 2007. PMID: 17960296
Edenberg, H.J. The genetics of alcohol metabolism:
Role of alcohol dehydrogenase and aldehyde dehydrogenase variants. Alcohol Research & Health 31:5–13,
2007. PMID: 17718394

Brennan, P.; Lewis, S.; Hashibe, M.; et al. Pooled analysis
of alcohol dehydgrogenase genotypes and head and
neck cancer: A HuGE review. American Journal of
Epidemiology 159(1):1–16, 2004. PMID: 14693654

Edenberg, H.J.; Koller, D.L.; Xuei, X.; et al. Genome-wide
association study of alcohol dependence implicates a
region on chromosome 11. Alcoholism: Clinical and
Experimental Research 34(5):840–852, 2010. PMID:
20201924

Brooks, P.J.; Enoch, M.-A.; Goldman, D.; et al. The alcohol
flushing response: An unrecognized risk factor for
esophageal cancer from alcohol consumption. PLoS
Medicine 6(3):e50, 2009. PMID: 19320537

Edenberg, H.J.; Xuei, X.; Chen, H.J.; et al. Association of
alcohol dehydrogenase genes with alcohol dependence:
A comprehensive analysis. Human Molecular Genetics
15(9):1539–1549, 2006. PMID: 16571603

Chartier, K., and Caetano, R. Ethnicity and health disparities in alcohol research. Alcohol Research & Health
33(1–2):152–160, 2010. PMID: 21209793

Ehlers, C.L.; Gilder, D.A.; Harris, L.; and Carr, L.
Association of the ADH2*3 allele with a negative family
history of alcoholism in African American young adults.
Alcoholism: Clinical and Experimental Research
25(12):1773–1777, 2001. PMID: 11781511

Chen, C.-C.; Lu, R.-B.; Chen, Y.-C.; et al. Interaction
between the functional polymorphisms of the alcoholmetabolism genes in protection against alcoholism.
American Journal of Human Genetics 65(3):795–807,
1999a. PMID: 10441588
Chen, Y.-C.; Lu, R.-B.; Peng, G.S.; et al. Alcohol metabolism and cardiovascular response in an alcohol patient
homozygous for the ALDH2*2 variant gene allele.
Alcoholism: Clinical and Experimental Research
23(12):1853–1860, 1999b. PMID: 10630602
Cheng, T.K. The World of the Chinese: The Struggle for
Human Unity. Hong Kong: Chinese University Press, 1980.

Ehlers, C.L.; Montane-Jaime, K.; Moore, S.; et al.
Association of the ADHIB*3 allele with alcohol-related
phenotypes in Trinidad. Alcoholism: Clinical and
Experimental Research 31(2):216–220, 2007. PMID:
17250612
Eng, M.Y.; Luczak, S.E.; and Wall, T.L. ALDH2, ADH1B,
and ADH1C genotypes in Asians: A literature review.
Alcohol Research & Health 30(1):22–27, 2007. PMID:
17718397

Chi, I.; Kitano, H.H.; and Lubben, J.E. Male Chinese
drinking behavior in Los Angeles. Journal of Studies on
Alcohol 49(1):21–25, 1988. PMID: 3347072

Gelernter, J.; Kranzler, H.R.; Sherva, R.; et al. Genomewide association study of alcohol dependence and alcohol dependence: Significant findings in African- and
European-Americans including novel risk loci. Molecular
Psychiatry 19(1):41–49, 2014. PMID: 24166409

Chi, I.; Lubben, J.E.; and Kitano, H.H. Differences in
drinking behavior among three Asian-American groups.

Gizer, I.; Edenberg, H.J.; Gilder, D.A.; et al. Association
of alcohol dehydrogenase genes with alcohol-related

phenotypes in a Native American community sample.
Alcoholism: Clinical and Experimental Research
35(11):2008–2018, 2011. PMID: 21635275
Goedde, H.W.; Agarwal, D.P.; Fritze, G.; et al.
Distribution of ADH2 and ALDH2 genotypes in different
populations. Human Genetics 88(3):344–346, 1992.
PMID: 1733836
Hao, P.-P.; Chen, Y.-G.; Wang, J.-L.; et al. Meta-analysis
of aldehyde dehydrogenase 2 gene polymorphism and
Alzheimer’s disease in East Asians. Canadian Journal of
Neurological Sciences 38(3):500–506, 2011. PMID:
21515512
Heath, A.C.; Madden, P.A.; Bucholz, K.K.; et al. Genetic
differences in alcohol sensitivity and the inheritance of
alcoholism risk. Psychological Medicine 29(5):1069–
1081, 1999. PMID: 10576299
Helzer, J.E.; Canino, G.J.; Yeh, E.-K.; et al. Alcoholism—
North America and Asia. A comparison of population
surveys with the Diagnostic Interview Schedule. Archives
of General Psychiatry 47(4):313–319, 1990. PMID:
2322082
Hendershot, C.S.; Collins, S.E.; George, W.H.; et al.
Associations of the ALDH2 and ADH1B genotypes with
alcohol-related phenotypes in Asian young adults.
Alcoholism: Clinical and Experimental Research
33(5):839–847, 2009a. PMID: 19298323
Hendershot, C.S.; MacPherson, L.; Myers, M.G.; et al.
Psychosocial, cultural and genetic influences on alcohol
use in Asian American youth. Journal of Studies on
Alcohol 66(2):185–195, 2005. PMID: 15957669
Hendershot, C.S.; Neighbors, C.; George, W.H.; et al.
ALDH2, ADH1B and alcohol expectancies: Integrating
genetic and learning perspectives. Psychology of Addictive
Behaviors 23(3):452–463, 2009b. PMID: 19769429
Hendershot, C.S.; Witkiewitz, K.; George, W.H.; et al.
Evaluating a cognitive model of ALDH2 and drinking
behavior. Alcoholism: Clinical and Experimental
Research 35(1):91–98, 2011. PMID: 21039630
Higuchi, S.; Matsushita, S.; Imazeki, H.; et al. Aldehyde
dehydrogenase genotypes in Japanese alcoholics.
Lancet 343(8899):741–742, 1994. PMID: 7907720
Higuchi, S.; Matsushita, S.; Muramatsu, T.; et al. Alcohol
and aldehyde dehydrogenase genotypes and drinking
behavior in Japanese. Alcoholism: Clinical and Experimental
Research 20(3):493–497, 1996. PMID: 8727242
Hwu, H.-G.; Yeh, E.-K.; and Chang, L.-Y. Prevalence of
psychiatric disorders in Taiwan defined by the Chinese
Diagnostic Interview Schedule. Acta Psychiatrica
Scandinavica 79(2):136–147, 1989. PMID: 2923007
Irons, D.E.; McGue, M.; Iacono, W.G.; and Oetting, W.S.
Mendelian randomization: A novel test of the gateway
hypothesis and models of gene-environment interplay.
Development and Psychopathology 19(4):1181–1195,
2007. PMID: 17931442
Irons, D.E.; Iacono, W.G.; Oetting, W.S.; and McGue, M.
Developmental trajectory and environmental moderation
of the effect of ALDH2 polymorphism on alcohol use.
Alcoholism: Clinical and Experimental Research
36(11):1882–91, 2012. PMID: 22563891

Iwahashi, K.; Matsuo, Y.; Suwaki, H.; et al. CYP2E1 and
ALDH2 genotypes and alcohol dependence in Japanese.
Alcoholism: Clinical and Experimental Research
19(3):564–566, 1995. PMID: 7573775
Keyes, K.M.; Hatzenbuehler, M.L.; and Hasin, D.S.
Stressful life experiences, alcohol consumption, and
alcohol use disorder: The epidemiologic evidence for
four main types of stressors. Psychopharmacology
218(1):1–17, 2011. PMID: 21373787
Koopmans, J.R.; Slutske, W.S.; van Baal, G.C.; and
Boomsma, D.I. The influence of religion on alcohol use
initiation: Evidence for genotype X environment interaction. Behavior Genetics 29(6):445–453, 1999. PMID:
10857249

in Asian-American men and women. Journal of Studies
on Alcohol 63(1):74–82, 2002. PMID: 11925062
Luczak, S.E.; Pandika, D.; Shea, S.H.; et al. ALDH2 and
ADH1B interactions in retrospective reports of low-dose
reactions and initial sensitivity to alcohol in Asian
American college students. Alcoholism: Clinical and
Experimental Research 35(7):1238–1245, 2011. PMID:
21355870
Luczak, S.E.; Shea, S.H.; Hsueh, A.C.; et al. ALDH2*2 is
associated with a decreased likelihood of alcohol-induced blackouts in Asian-American college students.
Journal of Studies on Alcohol 67(3):349–353, 2006b.
PMID: 16608143

Krueger, R.F.; Hicks, B.M.; Patrick, C.J.; et al. Etiological
connections among substance dependence, antisocial
behavior, and personality: Modeling the externalizing
spectrum. Journal of Abnormal Psychology 111(3):411–
424, 2002. PMID: 12150417

Luczak, S.E.; Wall, T.L.; Cook, T.A.; et al. ALDH2 status
and conduct disorder mediate the relationship between
ethnicity and alcohol dependence in Chinese, Korean,
and White American college students. Journal of
Abnormal Psychology 113(2):271–278, 2004. PMID:
15122947

Lee, C.K.; Kwak, Y.S.; Yamamoto, J.; et al. Psychiatric
epidemiology in Korea, Part I: Gender and age differences in Seoul. Journal of Nervous and Mental Disease
178(4):242–246, 1990. PMID: 2319232

Luczak, S.E.; Wall, T.L.; Shea, S.H.; et al. Binge drinking
in Chinese, Korean, and White college students: Genetic
and ethnic group differences. Psychology of Addictive
Behaviors 15(4):306–309, 2001. PMID: 11767261

Lewis, S.J., and Smith, G.D. Alcohol, ALDH2, and esophageal cancer: A meta-analysis which illustrates the
potentials and limitations of a Mendelian randomization
approach. Cancer Epidemiology, Biomarkers &
Prevention 14(8):1967–1971, 2005. PMID: 16103445

Luczak, S.E.; Yanrell, L.M.; Prescott, C.A.; et al. Effects
of ALDH2*2 on alcohol problem trajectories of Asian
American college students. Journal of Abnormal
Psychology 123(1):130–140, 2014. PMID: 24661165

Li, D; Zhao, H; and Gelernter, J. Strong protective effect
of the aldehyde dehydrogenase gene (ALDH2) 504lys
(*2) allele against alcoholism and alcohol-induced
medical diseases in Asians. Human Genetics 131(5):
725–737, 2012a. PMID: 22102315
Li, D.; Zhao, H.; and Gerlenter, J. Further clarification of
the contribution of the ADH1C gene to vulnerability to
alcoholism and selected liver diseases. Human Genetics
131(8):1361–1374, 2012b. PMID: 22476623
Li, T.-K. Pharmacogenetics of responses to alcohol and
genes that influence alcohol drinking. Journal of Studies
on Alcohol 61(1):5–12, 2000. PMID: 10627090
Lu, R.B.; Ko, H.C.; Lee, J.F.; et al. No alcoholism-protection effects of ADH1B*2 allele in antisocial alcoholics
among Han Chinese in Taiwan. Alcoholism: Clinical and
Experimental Research 29(12):2101–2107, 2005.
PMID: 16385179
Lubben, J.E.; Chi, I.; and Kitano, H.H. The relative influence of selected social factors on Korean drinking
behavior in Los Angeles. Advances in Alcohol &
Substance Abuse 8:1–17, 1989. PMID: 2711913
Luczak, S.E.; Glatt, S.J.; and Wall, T.L. Meta-analyses of
ALDH2 and ADH1B with alcohol dependence in Asians.
Psychological Bulletin 132(4):607–621, 2006a. PMID:
16822169
Luczak, S.E.; Corbett, K.; Oh, C.; et al. Religious influences on heavy episodic drinking in Chinese-American and
Korean-American college students. Journal of Studies on
Alcohol 64(4):467–471, 2003. PMID: 12921188
Luczak, S.E.; Elvine-Kreis, B.; Shea, S.H.; et al. Genetic
risk for alcoholism relates to level of response to alcohol

Luo, X.; Kranzler, H.R.; Zuo, L.; et al. Diplotype trend
regression analysis of the ADH gene cluster and the
ALDH2 gene: Multiple significant associations with alcohol
dependence. American Journal of Human Genetics
78(6):973–987, 2006. PMID: 16685648
McCarthy, D.M.; Brown, S.A.; Carr, L.G.; and Wall,
T.L. ALDH2 status, alcohol expectancies, and alcohol
response: Preliminary evidence for a mediation model.
Alcoholism: Clinical and Experimental Research 25(11):
1558–1563, 2001. PMID: 11707629
McCarthy, D.M.; Wall, T.L.; Brown, S.A.; and Carr, L.G.
Integrating biological and behavioral factors in alcohol
use risk: The role of ALDH2 status and alcohol expectancies in a sample of Asian Americans. Experimental and
Clinical Psychopharmacology 8(2):168–175, 2000.
PMID: 10843299
McCarthy, D.M.; Pederson, S.L.; Lobos, E.A.; et al.
ADH1B*3 and response to alcohol in African Americans.
Alcoholism: Clinical and Experimental Research
34(7):1274–1281, 2010. PMID: 20477764
Meyers, J.L.; Shmulewitz, D.; Wall, M.M.; et al.
Childhood adversity moderates the effect of ADH1B on
risk for alcohol-related phenotypes in Jewish Israeli
drinkers. Addiction Biology, 20(1):205-214, 2015. PMID:
24164917
Midanik, L.T., and Clark, W.B. The demographic distribution of US drinking patterns in 1990: Description and
trends from 1984. American Journal of Public Health
84(8):1218–1222, 1994. PMID: 8059875
Osier, M.; Pakstis, A. J.; Kidd, J. R.; et al. Linkage
disequilibrium at the ADH2 and ADH3 loci and risk
of alcoholism. American Journal of Human Genetics
64(4):1147–1157, 1999. PMID: 10090900

Biology, Genetics, and Environment| 67

Osier, M.V.; Pakstis, A.J.; Soodyall, H.; et al. A global
perspective on genetic variation at the ADH genes
reveals unusual patterns of linkage disequilibrium and
diversity. American Journal of Human Genetics 71(1):
84–99, 2002. PMID: 12050823

Takeshita, T.; Yang, X.; and Morimoto, K. Association of
the ADH2 genotypes with skin responses after ethanol
exposure in Japanese male university students. Alcoholism:
Clinical and Experimental Research 25(9):1264–1269,
2001. PMID: 11584144

Park, J.Y.; Danko, G.P.; Wong, S.Y.; et al. Religious affiliation, religious involvement, and alcohol use in Korea.
Cultural Diversity and Mental Health 4(4):291–296,
1998a. PMID: 9818517

Thomasson, H.R.; Beard, J.D.; and Li, T.K. ADH2 gene
polymorphisms are determinants of alcohol pharmacokinetics. Alcoholism: Clinical and Experimental Research
19(6):1495–1499, 1995. PMID: 8749816

Park, S.C.; Oh, S.I.; and Lee, M.S. Korean status of alcoholics and alcohol-related health problems. Alcoholism:
Clinical and Experimental Research 22(3 Suppl):170S–
172S, 1998b. PMID: 9622398
Rose, R.J., and Dick, D.M. Gene–environment interplay
in adolescent drinking behavior. Alcohol Research and
Health 28:222–229, 2005.
Sher, K.J.; Bartholow, B.D.; and Wood, M.D. Personality
and substance use disorders: A prospective study.
Journal of Consulting and Clinical Psychology 68(5):
818–829, 2000. PMID: 11068968
Slutske, W.S.; Heath, A.C.; Dinwiddie, S.H.; et al.
Common genetic risk factors for conduct disorder and
alcohol dependence. Journal of Abnormal Psychology
107(3):363–374, 1998. PMID: 9715572
Slutske, W.S.; Heath, A.C.; Madden, P.A.; et al.
Personality and genetic risk for alcohol dependence.
Journal of Abnormal Psychology 111(1):124–133,
2002. PMID: 11871377
Takeshita, T.; Mao, X.-Q.; and Morimoto, K. The contribution of polymorphism in the alcohol dehydrogenase
beta subunit to alcohol sensitivity in a Japanese population. Human Genetics 97(4):409–413, 1996. PMID:
8834233

68| Vol. 38, No. 1 Alcohol Research: C u r r e n t

aldehyde dehydrogenase (ALDH2) gene. Journal of
Studies on Alcohol 61(1):13–17, 2000. PMID: 10627091
Wall, T.L.; Peterson, C.M.; Peterson, K.P.; et al. Alcohol
metabolism in Asian-American men with genetic polymorphisms of aldehyde dehydrogenase. Annals of Internal
Medicine 127(5):376–379, 1997b. PMID: 9273829

Waldman, I.D., and Slutske, W.S. Antisocial behavior
and alcoholism: A behavioral genetic perspective on
comorbidity. Clinical Psychology Review 20(2):255–
287, 2000. PMID: 10721500

Wechsler, H.; Dowdall, G.W.; Maenner, G.; et al.
Changes in binge drinking and related problems among
American college students between 1993 and 1997:
Results of the Harvard School of Public Health College
Alcohol Study. Journal of American College Health
47(2):57–68, 1998. PMID: 9782661

Wall, T.L. Genetic associations of alcohol and aldehyde
dehydrogenase with alcohol dependence and their
mechanisms of action. Therapeutic Drug Monitoring
27(6):700–703, 2005. PMID: 16404797

Whitfield, J.B. Meta-analysis of the effects of alcohol
dehydrogenase genotype on alcohol dependence and
alcoholic liver disease. Alcohol and Alcoholism 32(5):
613–619, 1997. PMID: 9373704

Wall, T.L.; Carr, L.G.; and Ehlers, C.L. Protective association of genetic variation in alcohol dehydrogenase with
alcohol dependence in Native American Mission Indians.
American Journal of Psychiatry 160(1):41–46, 2003.
PMID: 12505800

Whitfield, J.B. Alcohol dehydrogenase and alcohol
dependence: Variation in genotype-associated risk
between populations. American Journal of Human
Genetics 71(5):1247–1251, 2002. PMID: 12452180

Wall, T.L.; Luczak, S.; Orlowska, D.; and Pandika, D.
Differential metabolism as an intermediate phenotype of
risk for alcohol use disorder: Alcohol and aldehyde
dehydrogenase variants. In: MacKillop, J., and Munafo,
M.R., Eds. Genetic Influences on Addiction: An
Intermediate Phenotype Approach. Cambridge, MA: MIT
Press, pp. 41–63, 2013.
Wall, T.L.; Garcia-Andrade, C.; Thomasson, H.R.; et al.
Alcohol dehydrogenase polymorphisms in Native
Americans: Identification of the ADH2*3 allele. Alcohol
and Alcoholism 32(2):129–132, 1997a. PMID: 9105506
Wall, T.L.; Horn, S.M.; Johnson, M.L.; et al. Hangover
symptoms in Asian Americans with variations in the

Reviews

Yang, S.-J.; Yokoyama, A.; Yokoyama, T.; et al.
Relationship between genetic polymorphisms of ALDH2
and ADH1B and esophageal cancer risk: A meta-analysis. World Journal of Gastroenterology 16(33):4210–
4220, 2010. PMID: 20806441
Zhang, G.-H.; Mai, R.-Q.; and Huang, B. Meta-analysis
of ADH1B and ALDH2 polymorphisms and esophageal
cancer risk in China. World Journal of Gastroenterology
16(47):6020–6025, 2010. PMID: 21157980
Zintzaras, E.; Stefanidis, I.; Santos, M.; and Vidal, F.
Do alcohol-metabolizing enzyme gene polymorphisms
increase the risk of alcoholism and alcoholic liver disease?
Hepatology 43(2):352–361, 2006. PMID: 16440362

