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Abstract

Childhood adversity and genetic variant ADH1B-rs1229984 have each been shown to influence
heavy alcohol consumption and disorders. However, little is known about how these factors jointly
influence these outcomes. We assessed the main and additive interactive effects of childhood
adversity (abuse, neglect, parental divorce) and the ADH1B-rs1229984 on the quantitative
phenotypes “maximum drinks in a day” (Maxdrinks) and DSM-Alcohol Use Disorder (AUD)
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severity, adjusting for demographic variables, in an Israeli sample of adult household residents
(n=1,143) evaluated between 2007-2009. Childhood adversity and absence of the protective
ADH1B-rs1229984 A allele were associated with greater mean Maxdrinks [Mean Differences:
1.50; 1.13 respectively] and AUD severity [Mean Ratios: 0.71; 0.27 respectively]). In addition,
childhood adversity moderated the ADH1B-rs1229984 effect on Maxdrinks (p<0.01) and AUD
severity (p<0.05), in that there was a stronger effect of ADH1B-rs1229984 genotype on Maxdrinks
and AUD severity among those who had experienced childhood adversity compared to those who
had not. ADH1B-rs1229984 impacts alcohol metabolism. Therefore, among those at risk for
greater consumption, e.g., those who experienced childhood adversity, ADH1B-rs1229984 appears
to have a stronger effect on alcohol consumption and consequently on risk for AUD symptom
severity. Evidence for the interaction of genetic vulnerability and early life adversity on alcohol-
related phenotypes provides further insight into the complex relationships between genetic and
environmental risk factors.
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Introduction

Heavy alcohol consumption significantly impacts public health by increasing physical and
mental health problems and related costs (Rehm et al., 2009). Alcohol use disorders (AUDSs)
are also associated with substantial impairment and comorbidity (Merikangas & McClair,
2012). Many factors influence the risk for these drinking phenotypes, including genetic and
environmental factors (Kendler, Myers, & Prescott, 2007), which may act together to
increase risk for problematic alcohol use. While the evidence for gene-environment
interactions in substance use is growing (Dick & Kendler, 2012a; Xie et al., 2012; Young-
Wolff, Enoch, & Prescott, 2011), much remains to be understood about the interaction of
specific genetic variants with specific environmental risk factors in the etiology of harmful
drinking phenotypes.

Associations between ADH1B and Alcohol-Related Phenotypes

Alcohol dehydrogenase 1B (ADH1B) encodes a key enzyme for alcohol metabolism. The A
allele of rs1229984 results in the substitution of Histidine for Arginine48 (ADH1B*2),
which greatly increases the activity of the ADH1B enzyme (Hurley & Edenberg, 2012). This
allele has been consistently associated with a protective effect against alcoholism in Asian
populations (Li, Zhao, & Gelernter, 2011), in which there is a high prevalence (~40%; (Li et
al., 2011; Yokoyama et al., 2013)) of the protective ADH1B allele. Even in populations of
European origin, in which the frequency of the protective allele is low (generally under 5%),
a strong effect has been demonstrated (Bierut et al., 2012). Among the Jewish population in
Israel, a relatively high prevalence of the ADH1B protective allele (20-41%) has been
identified (Meyers et al., 2013; Neumark et al., 2004). Associations between ADH1B and
alcohol phenotypes have been shown in Israeli Jews (Hasin et al., 2002; Neumark et al.,
1998), including association with maximum drinks consumed in a 24-hour period
(“Maxdrinks™) and AUD severity in recent work in a large household sample (Meyers et al.,
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2013). This large sample of Jewish Israelis presents an important opportunity to investigate
whether the association of ADH1B and alcohol phenotypes is moderated by environmental
factors.

Childhood Adversity

One environmental risk factor for AUDs is exposure to adverse events during childhood
(Keyes, Hatzenbuehler, & Hasin, 2011). Childhood adversity can refer to a wide range of
exposures including sexual, emotional and physical abuse and neglect, and parental death or
separation that occur during the first 18 years of life. Despite variability in measurement and
study design, most (Bensley, Spieker, et al., 1999; Kessler, Davis, & Kendler, 1997; Sartor
et al., 2007) although not all (Bulik, Prescott, & Kendler, 2001; Sher et al., 1997) studies
show that childhood adversities are associated with earlier onset of adolescent alcohol
consumption and with AUDs in adulthood. Since the protective ADH1B variant exerts its
effect by limiting alcohol consumption (Hurley & Edenberg, 2012), ADH1B may show a
stronger effect among those whose risk for heavy drinking is increased by childhood
adversity than among those without this increased risk.

Gene-Environment (GxE) Interactions

Studies of whether the relationship between candidate genes and alcohol use outcomes is
moderated by childhood adversity (GXE interaction) have largely focused on genes affecting
neuronal pathways (Young-Wolff et al., 2011). For example, in youths, the higher risk
serotonin transporter promoter “s” variant together with childhood adversity (maltreatment)
increases risk for early-onset alcohol use (Brody et al., 2007; Kaufman et al., 2006).
Similarly, in women, the monoamine oxidase A risk allele was associated with alcoholism,
but only among those experiencing childhood adversity (sexual abuse (Ducci et al., 2008)).
Another study suggested that a variant in the DRD2/ANKK1 region is associated with
alcohol problems among individuals exposed to stress (Madrid et al., 2001). While these
studies are all important, the neuronal pathways underlying substance phenotypes remain to
be elucidated, while the relationship of alcohol metabolizing liver enzymes to alcohol
consumption is better understood. Therefore, investigating the effects of interaction between
childhood adversity and ADH1B on heavy alcohol consumption and related alcohol disorder
phenomena could more specifically address how adversity moderates direct gene effects on
alcohol use and disorders.

Among the most significant challenges of GXE research is the lack of robust genetic main
associations (Duncan & Keller, 2011); most studies in the literature focused on genetic
variants whose relationships to alcohol phenotypes were inconsistent. Additionally, power to
detect interactions is typically lower than power to detect main effects. Since continuous
phenotypes offer more information than binary phenotypes by providing a range of values,
and typically have more statistical power to detect genetic associations (Kuo et al., 2008;
Waldman, Robinson, & Rowe, 1999), evaluating alcohol consumption and AUD with
graded variables should increase power for detecting interactions, and is consistent with a
general movement in psychiatry to address dimensional rather than binary traits (Ehlke,
Hagman, & Cohn, 2012; Hasin et al., 2012). Studying GXE interaction using robust genetic
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and environmental risk factors and informative, graded phenotypes therefore offers a
promising strategy.

Since childhood adversity and a lack of the protective ADH1B-rs1229984 “A” allele both
increase risk for problematic drinking behaviors, we investigated whether the association
between ADH1B and drinking problems was stronger among individuals who experienced
childhood adversity than among those who did not. We previously demonstrated ADH1B
effects on alcohol consumption and AUD severity in a household sample of Israeli Jews
(Meyers et al., 2013); we began the present study in the same sample by determining the
association of early childhood adversity with these two alcohol phenotypes. We then tested
for additive interaction of childhood adversity and ADH1B on these phenotypes. While
previous studies of ADH1B-rs1229984 have focused on the protective effects of the minor
“A” allele, here we focus on the lack of the protective allele (i.e., the GG genotype — which
is the higher-risk genotype) for ease of interpretation. We consider childhood adversity as
the moderator of the ADH1B-rs1229984/alcohol phenotype relationships (and not the
opposite) to integrate these findings into two literatures. The first is the gene-environment
interaction literature, which typically examines the environmental moderation of a genetic
effect (Brody et al., 2007, Kaufman et al., 2006, Madrid et al., 2001, Dick et al., 2011, van
der Zwaluw CS et al., 2012). The second literature is the stress sensitization literature, which
suggests that early stress may heighten sensitivity to other risk factors, including genetic
predispositions (Enoch, 2011; Zhang et al., 2013). Therefore, this study examines the effect
of ADH1B-rs1229984 on alcohol phenotypes in the presence or absence of childhood
adversity, for interpretability in this context.

Study procedures and sample—Data were collected in 2007-2009 from 1,349 adult
household residents, as described elsewhere (Hasin et al., 2002). This sample was designed
to investigate environmental and genetic influences on alcohol-related traits. Because
drinking among Israeli women is limited (Hasin et al., 1998; Shmulewitz et al., 2012;
Spivak et al., 2007), males were oversampled. Interviewers received structured training and
administered face-to-face computer-assisted interviews after obtaining written informed
consent as approved by relevant IRBs (Shmulewitz et al., 2012). The overall response rate
was 68.9%. Quality control included field observation, reviews of recorded interviews, and
telephone verification of responses. The present analysis included 1,143 ever-drinkers (ever
drank alcohol, lifetime) who provided information about childhood experiences and were
genotyped for ADH1B-rs1229984. Of these, 78.3% (N=895) were male; 23.9% (N=273)
were immigrants from the Former Soviet Union (FSU); 13.1% (N=177) met criteria for
DSM-IV AUD; and the mean age was 41.3 (SD=12.9).

Heavy Alcohol consumption—Consistent with previous genetic studies (Saccone et al.,
2009; Yang et al, 2005), we created a variable measuring maximum number of drinks in a
24-hour period (Maxdrinks) during the period of lifetime heaviest drinking. Maxdrinks
ranged from 1-40. This was assessed using the Alcohol Use Disorders and Associated
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Disabilities Interview Schedule (AUDADIS (Grant et al., 1995; Hasin et al., 2007)) adapted
for the present study. The AUDADIS measure for lifetime maximum quantity consumed has
very good inter-rater reliability (intraclass correlation coefficients [ICC] of 0.70 (Hasin et
al., 2007)).

Lifetime AUD severity—The AUDADIS uses 21 items to assess the 11 alcohol
dependence and abuse criteria according to DSM-IV (American Psychiatric Association.,
2000). As the lifetime dependence and abuse criteria were unidimensional in this sample
(Shmulewitz et al., 2010), we created a quantitative measure of AUD severity by counting
the number of lifetime criteria endorsed; AUD severity ranged from 0-11. Test-retest
reliability of lifetime AUDADIS alcohol criterion count is excellent in general population
samples (ICCs=0.86-0.89 (Hasin et al., 2007)).

ADH1B-rs1229984—A detailed description of the genotyping is available in Meyers et
al., 2013 (Meyers et al., 2013). The ADH1B-rs1229984 SNP was genotyped on the
Sequenom MassArray system (Sequenom, USA) as previously described (Meyers et al.,
2013). No deviation from Hardy-Weinberg equilibrium was observed (;2=2.04, p-
value=0.141). Because the effects of ADH1B-rs1229984 on Maxdrinks and AUD severity
remained unchanged after adjusting for ancestry (Meyers et al., 2013), no adjustment was
necessary in the present interaction analyses. 8.8% of the overall sample and 9.0% of
drinkers had the AA genotype, 38.9% of the overall sample and 38.5% of drinkers had the
AG genotype, and 52.3% of the overall sample and 52.5% of drinkers has the GG genotype;
the minor allele (A) frequency was 28.3% in the overall sample and 28.2% in drinkers
(Supplemental Table 1).

Childhood adversity—Childhood adversity was defined by one or more of three
experiences: (1) Neglect was assessed by a single item asking if participants were ever
seriously neglected by either of their parents or any of the people who raised them before
age 18 (response options were yes/no). (2) Physical abuse was assessed by a single item
asking if participants were ever physically attacked, badly beaten up or injured by their
parents or any of the people who raised them before age 18 (response options were yes/no).
(3) Parental divorce was assessed by a single item asking participants if their parents
(adoptive or biological) were divorced or permanently stopped living together before they
were age 18 (response options were yes/no). The three adversity variables (abuse, neglect,
parental divorce) were associated, with correlation coefficients ranging from 0.13 (for abuse
and parental divorce) to 0.48 (for abuse and neglect). Exploratory factor analyses of abuse,
neglect, and parental divorce indicated one underlying construct, as a single factor fit the
data best (Comparative Fit index=0.96; Tucker-Lewis index=0.86; Root-mean squared error
of approximation = 0.02). Factor loadings for abuse, neglect, and parental divorce were 0.82,
0.80, and 0.50, respectively. Neglect, abuse and parental divorce were reported by 3.6%,
4.8%, 11.0% of the sample, respectively; any childhood adversity was reported by 15.7%
(N=180).
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Main effects—Regression models (using SAS 9.3) were used to investigate the main
effects of childhood adversity and ADH1B-rs1229984 with each alcohol phenotype,
controlling for sex, age, and former Soviet Union immigrant status, as drinking differs by
these subgroups in Israel (Hasin et al., 2002; Shmulewitz et al., 2012; Spivak et al., 2007).
Poisson regression models with overdispersion were used, as that distribution provided the
best fit for the data (Meyers et al., 2013). Maxdrinks and AUD severity were also modeled
using normal, Poisson (without overdispersion), negative binomial, and zero-inflated
distributions; data best fit the overdispersed Poisson distribution best based on the likelihood
and goodness-of-it indices (Akaike’s Information Criterion and the Bayesian Information
Criterion). Furthermore, since the lowest value for Maxdrinks was 1, we re-ran analyses
using a zero truncated model; results remained unchanged. Means were adjusted for
demographic variables (sex, age, ethnicity), and mean differences indicating the difference
in the mean trait value given the presence of the risk factor, and corresponding 95%
confidence intervals (Cls), were computed on the additive scale using an identity link in
SAS 9.3 (Spiegelman & Hertzmark, 2005) to remain consistent with interaction analyses.
Similar means for the alcohol phenotypes were observed in the genotype groups with
protective allele A (AA and AG), while phenotype means were higher in those without allele
A (GG) (see Table 1). Therefore, the GG group was compared to those with genotypes AA
or AG. The ADH1B-rs1229984 variable (GG vs. AA/AG) was not related to demographics
(sex, age, and ethnicity).

Interaction—The interaction between ADH1B-rs1229984 and childhood adversity was
assessed by including an interaction term (ADH1B*childhood adversity) in separate linear-
Poisson regression models (Spiegelman, Hertzmark, & Wand, 2007) for each alcohol
phenotype, performed using Proc GENMOD in SAS 9.3. We assessed this interaction on the
additive scale, as additive interaction corresponds more closely than multiplicative
interaction with the current conceptual understanding of biological interaction and causal
synergism (“Modern Epidemiologic Approaches to Interaction: Applications to the Study of
Genetic Interactions,” 2006; Spiegelman et al., 2007; Spiegelman & Hertzmark, 2005). The
estimate for the interaction term represents the interaction contrast (1C), a “difference in
differences” effect. This “difference in differences” is evaluated as follows. First, among
those who experienced childhood adversity, the mean difference in the alcohol phenotypes
between those with the GG genotype and those with the AA/AG genotypes is evaluated.
Next, among those without childhood adversity the mean difference in the alcohol
phenotypes between those with the GG genotype and those with the AA/AG genotype is
evaluated. Last, the IC, i.e., the difference in these two mean differences is evaluated, to
determine if the ADH1B effect is greater among those who experienced childhood adversity
compared with those who did not. Likelihood ratio chi-square tests were used to assess the
statistical significance of the IC and mean differences. Furthermore, as the IC indicates the
difference in the slopes between those with the AA/AG genotypes and those with the GG
genotype by childhood adversity status, plots of regression adjusted (for sex, age and
ethnicity) mean phenotypes are presented to facilitate interpretation. No significant
association was observed between childhood adversity and ADH1B-rs1229984, thus gene-
environment correlation was not observed and was not a potential confounder of the results.
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Results

Among the 1,143 ever-drinkers, mean Maxdrinks was 4.95 (s.d.=6.01) and AUD severity
was 1.47 (s.d.=1.96), with skewed distributions (Figure S1). The two alcohol phenotypes,
Maxdrinks and AUD severity, were highly correlated (r?=0.56, p-value<0.0001).

Maxdrinks, main effects

Childhood adversity showed a significant association with Maxdrinks (Table 1). The
adjusted mean number of Maxdrinks was 1.50 greater in those who experienced childhood
adversity compared to those who did not. In addition, ADH1B-rs1229984 was significantly
associated with Maxdrinks (Table 1). The adjusted mean number of Maxdrinks was 1.13
higher in the GG group compared to the AA/AG group.

Maxdrinks, additive interaction

Childhood adversity and ADH1B-rs1229984 showed a significant additive interaction effect
on Maxdrinks (p-value<0.01). Among participants who experienced childhood adversity, the
adjusted mean difference in Maxdrinks between those with the GG genotype and those with
the AA/AG genotype was 3.22. Among participants who did not experience childhood
adversity, the adjusted mean difference in Maxdrinks by genotype was only 0.80. The
interaction contrast [IC] (difference in differences) was 2.42 (Table 2, Figure 1a).

AUD severity, main effects

Childhood adversity showed a significant association with AUD severity (Table 1). The
adjusted mean AUD severity (number of criteria) was 0.71 greater in those who experienced
childhood adversity compared to those who did not. In addition, ADH1B-rs1229984 was
significantly associated with AUD severity (Table 1). The adjusted mean AUD severity was
0.27 greater in the GG group than in the AA/AG group.

AUD severity, additive interaction

Childhood adversity and ADH1B-rs1229984 showed a significant additive interaction effect
on AUD severity (p-value<0.05). Among participants who experienced childhood adversity,
the adjusted mean difference in AUD severity between those with the GG genotype and
those with the AA/AG genotype was 0.92. Among participants who did not experience
childhood adversity, the adjusted mean difference in AUD severity by genotype was only
0.17. The interaction contrast [IC] (difference in differences) was 0.75 (Table 2, Figure 1b).

Discussion

This is the first study to demonstrate an interaction between ADH1B-rs1229984 and
childhood adversity, a stressful environmental risk factor, which each show robust main
effects on alcohol phenotypes (Maxdrinks and AUD severity). In an Israeli household
sample, we observed that childhood adversity moderated the ADH1B-rs1229984 effect on
alcohol use and problems, in that there was a stronger effect of the ADH1B-rs1229984 on
heavy alcohol consumption and AUD severity among those who had experienced childhood
adversity.
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ADH1B x Childhood Adversity

Similar to previous studies examining interaction between childhood adversity and genes
affecting neuronal processes putatively related to substance addiction (Caspi et al., 2003;
Kaufman et al., 2007), we found that both ADH1B-rs1229984 (higher-risk genotype, i.e.
lack of the protective allele) and childhood adversity together increase risk for problematic
alcohol use beyond the influence of each risk factor individually. Specifically, ADH1B-
rs1229984 has a significantly greater impact on problematic drinking among individuals
who experienced childhood adversity than among those who did not. We propose this is due
to the direct impact of ADH1B on alcohol metabolism and, consequently, consumption.
Since the ADH1B-rs1229984 protective A allele leads to an enzyme with greater activity
than the more common variant, individuals with the AA and AG genotypes may limit
alcohol consumption because of subtle adverse effects that accompany the degradation of
ethanol (Hurley & Edenberg, 2012). Therefore, ADH1B-rs1229984 appears to have a
stronger effect on alcohol consumption, and consequently the progression to AUDs, among
those with childhood adversity, a group in which alcohol consumption would likely be
increased. We considered the effect of ADH1B-rs1229984 on alcohol phenotypes in the
presence or absence of childhood adversity (instead of the effect of adversity in the presence
or absence of the GG genotype) to be consistent with much of the gene-environment
interaction literature, which considers environmental moderation of a genetic effect (Brody
et al., 2007, Kaufman et al., 2006, Madrid et al., 2001, Dick et al., 2011, van der Zwaluw CS
etal., 2012). However, due to the “agnostic” nature of statistical interaction analysis, results
also support the alternative interpretation that ADH1B-rs1229984 moderates the effects of
childhood adversity on risk for alcohol-related phenotypes in this sample.

Etiological Implications

AUDs develop via complex processes beginning with (1) drinking initiation, followed by (2)
regular consumption, progressing to (3) heavier and potentially maladaptive consumption,
culminating in (4) AUD criteria. Twin studies indicate that each of these steps is influenced
by shared and unique environmental and genetic risk factors (Dick & Kendler, 2012b;
Slutske et al., 1998). Childhood adversity increases risk for earlier age of initiation
(Kilpatrick et al., 2000), most likely due to associated risk factors, such as increased access
to alcohol and poor parental monitoring (Young-Wolff et al., 2011). As one transitions to
regular consumption followed by heavier alcohol consumption, genes directly affecting
alcohol metabolism (e.g. ADH1B) become increasingly relevant (Kendler et al., 2011). For
example, ADH1B-rs1229984 can impact alcohol consumption through a physiological
response to alcohol metabolism, potentially leading individuals with the protective A allele
to drink less regularly or heavily, even after exposure to other strong risk factors such as
childhood adversity. Furthermore, regular heavy consumption provides alcohol to the brain,
where alcohol exerts its addictive effects via a cascade of biochemical actions, mainly
encoded by neuronal genes (Heinz et al., 2003), which promote the progression to
experiencing AUD criteria. Childhood adversity may also lead to psycho-biological changes
that promote maladaptive coping strategies, such as stress-related drinking, and heighten
sensitivity to genetic predispositions (Enoch, 2011), further increasing risk for heavier
consumption and AUDs. Longitudinal studies should formally assess the exact roles of
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childhood adversity, ADH1B and other genes in this progression, as such relationships are
beyond the scope of this study.

Strengths and Limitations

Study limitations are noted. First, studies of a specific gene have the advantage of providing
information about that gene, but largely ignore other genes potentially involved (Dick &
Kendler, 2012b). However, studying a strong candidate gene provides specific information
regarding the mechanism by which a gene influences an outcome. Second, most studies of
adult populations use retrospective reporting of adverse childhood events (Hardt & Rutter,
2004). However, self-reports may be unstable over time (Fergusson, Horwood, &
Woodward, 2000; Polanczyk et al., 2009), resulting in underestimation of childhood
adversity prevalence. Thus, our retrospective items of childhood abuse and neglect are a
potential limitation of this study. However, this bias is likely insufficient to invalidate
retrospective studies of easily defined major adversities (Hardt & Rutter, 2004) such as
parental divorce. Furthermore, as parental divorce showed higher prevalence than abuse or
neglect, we examined the association between parental divorce and both alcohol phenotypes.
Parental divorce alone showed a weaker relationship to the alcohol phenotypes (p
[MaxDrinks]=0.121, p-value<0.01; p [AUD severity]=0.122, p-value<0.01) than the
combined abuse/neglect/parental divorce variable (8 [MaxDrinks]=0.136, p-value<0.001;
[AUD severity]=0.139), p-value<0.001); Therefore, results do not appear to be driven by the
effects of divorce alone. In addition, while some epidemiologic studies suggest that family
history of alcohol problems may confound the relationship between childhood adversity and
adult alcohol disorders (Bulik et al., 2001; Sher et al., 1997), others indicated a persistent
relationship between childhood adversity and alcohol disorders after adjusting for family
history of alcoholism (Young-Wolff et al., 2011). AUDADIS modules assessed history of
alcohol problems in fathers and mothers, using examples of AUD diagnostic criteria
including readily observable manifestations, which are mostly likely to be known to
offspring (Andreasen, Endicott, Spitzer, & Winokur, 1977; Heiman, Ogburn, Gorroochurn,
Keyes, & Hasin, 2008; Slutske et al., 1996). The test-retest reliability of AUDADIS family
history variables is very good to excellent (Grant et al., 2003; Hasin et al., 1997). The binary
parental history variable was coded as “yes” if alcohol problems were reported for either the
father or mother, since the frequency of a maternal history alone or of two parents with a
history of problems was very low. Prevalence of a parental history of alcohol problems was
~16%; 24% of participants who had experienced childhood adversity also reported a
parental history of alcohol problems, compared with 14% of those who had not experienced
childhood adversity. Secondary analyses adjusting for parental history of alcohol problems
in the relationship between childhood adversity and alcohol phenotypes yielded results that
were virtually unchanged. Further, a concern that associations could be confounded by
parental alcohol problems is addressed in part by ADH1B-rs1229984 genotype GG not being
associated with the adversity group (p=0.90), or with parental history of alcohol problems
(p=0.44). The lack of association between genotype GG and parental alcoholism is most
likely due to the low rates of alcohol consumption (and related problems) in the parental
cohort of older Israelis (Levav et al., 1993). Finally, the interaction results described in this
study should be replicated in additional well-powered samples.
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Additional study strengths are noted. Since the lack of robust genetic main associations is a
major challenge for GXE research in psychiatric disorders (Duncan & Keller, 2011), we
investigated a genetic risk factor with such a robust effect, which yielded positive GXE
results. Second, ADH1B directly affects alcohol metabolism, which is a pathway to alcohol-
related phenotypes that is better understood than the genes affecting neuronal pathways that
have been the main focus of previous SUDs GxE literature (Young-Wolff et al., 2011).
Finally, we used graded alcohol phenotype variables (Maxdrinks and AUD severity). These
typically have more statistical power to detect associations (Kuo et al., 2008; Waldman et
al., 1999), and our use of them is consistent with a general movement in psychiatry to
address dimensional rather than binary phenotypes (Ehlke et al., 2012; Hasin et al., 2012).,
These strengths enhance the possibility of successful replication in a similarly powered
sample (i.e., moderate ADH1B-rs1229984 prevalence and informative phenotypes), which
has been challenging in GXE studies of SUDs (Duncan & Keller, 2011).

In conclusion, we examined the influence of a robust genetic factor that has direct effects on
alcohol consumption and a well-validated environmental risk factor on informative alcohol
outcomes in a large general population sample of adult Israeli Jews. This study provides
evidence for the interaction between the genetic variant (ADH1B-rs1229984) and early
adversity on alcohol-related phenotypes, and proposes a role for the interaction within the
multi-factorial progression from initiation of alcohol use to disorder. Since individuals with
pervasive environmental risks (e.g. childhood adversity) are more susceptible to the
psychological, environmental and genetic factors that promote the progression to AUDs,
prevention efforts should target development of healthy and effective alternative coping
strategies to stress-related drinking among vulnerable individuals.
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Figure 1.
Additive interaction between childhood adversity and ADH1B-rs1229984 on (a) Maxdrinks

and (b) AUD severity in 1,143 ever-drinkers
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