UC San Diego
UC San Diego Previously Published Works

Title
Age of Drinking Initiation as a Risk Factor for Alcohol Use Disorder Symptoms is
Moderated by ALDH2*2 and Ethnicity

Permalink
https://escholarship.org/uc/item/9ch7f31w

Journal
Alcohol Clinical and Experimental Research, 41(10)

ISSN
0145-6008

Authors
Luczak, Susan E
Liang, Tiebing
Wall, Tamara L

Publication Date
2017-10-01

DOI
10.1111/acer.13469

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/9ch7f31w
https://escholarship.org
http://www.cdlib.org/

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Alcohol Clin Exp Res. Author manuscript; available in PMC 2018 October 01.

-, HHS Public Access
«

Published in final edited form as:
Alcohol Clin Exp Res. 2017 October ; 41(10): 1738-1744. doi:10.1111/acer.13469.

Age of Drinking Initiation as a Risk Factor for Alcohol Use
Disorder Symptoms is Moderated by ALDH2*2 and Ethnicity
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Indiana University School of Medicine, Departments of Medicine and Pharmacology, Indianapolis,
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Abstract

Background—An early age of drinking initiation (ADI) has been associated with increased risk
for alcohol use disorders (AUDs), but the consistency of this risk across diverse samples has not
been well studied. The purpose of this study was to examine whether the pathway from ADI to
AUD symptoms by early adulthood is moderated by ethnicity and possessing an alcohol
metabolizing gene ALDH2*2 variant allele.

Methods—We used multigroup structural equation modeling, including five groups split by
ethnicity and ALDHZ2*2, to examine the consistency of the path from ADI to AUD symptoms in
604 Chinese-, Korean-, and White-American college students. We further examined the effects of
ALDHZ2#*2, ethnicity, and their interaction in Asians to better understand their unique contributions
to the moderation.

Results—The association between ADI and AUD symptoms was moderated, with ADI
negatively associated with AUD symptoms among Koreans without ALDH2#*2 and Whites, but
not among Koreans with ALDHZ2*2 or Chinese regardless of ALDH2*2. Both ALDHZ2*2and
ethnicity within Asians contributed unique variability in the effect.

Conclusions—Ethnicity and ALDH2#*2 altered the relationship of ADI as a risk factor for AUD
symptoms. Being Chinese and possessing an ALDHZ2*2 allele within Koreans both buffered
against the risk for AUD symptoms associated with earlier ADI, indicating that this relationship
can be attenuated by protective factors.

Keywords
ALDH?Z, ethnicity; conduct disorder; age at first drink; alcohol use disorders

An earlier age of drinking initiation (ADI) has been found to be a risk factor for the
development of alcohol use disorders (AUDS) in both cross-sectional (Chou and Pickering,
1992; DeWit et al., 2000; Grant and Dawson, 1997; Hingson et al., 2006) and longitudinal
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studies (Fergusson et al., 1994; Hawkins et al., 1997; Prescott and Kendler, 1999a). Twin
studies have found approximately one third of the variance in alcohol dependence is shared
with ADI (Fowler et al., 2007; Prescott and Kendler, 1999a). Behavioral genetics studies,
however, also indicate environmental factors are more strongly implicated in ADI, whereas
genetic factors are more strongly associated with AUDs (Agrawal and Lynskey, 2008;
Fowler et al., 2007; Maes et al., 1999; Pagan et al., 2006; Prescott and Kendler, 1999b).

Several explanations for mechanisms underlying the relationship between early ADI and the
development of AUDs have been hypothesized (see Kuntsche et al., 2013; Maimaris and
McCambridge, 2014). The causative model purports that early ADI causes disruption of the
normal course of both intellectual and social development, which increases risk for a number
of pathologies including AUDs (Brown et al., 2008; DeWit et al., 2000; Goudriaan et al.,
2007; York, 1999). Alternatively, the marker hypothesis proposes ADI is a marker of other
causal factors, such as the broader construct of behavioral undercontrol, which is expressed
as a constellation of early emerging problem behaviors including conduct disorder (CD),
poor academic achievement, and early drinking (Babor et al., 1992; Cloninger, 1987;
Donovan and Jessor, 1985; McGue et al., 2001; Sher et al., 1991). Support for the causal
model comes from studies that find ADI continues to predict AUDs even after covarying for
additional risk factors (Dawson et al., 2008; Grant and Dawson, 1997; Hingson et al., 2006;
Pederson and Skrondal, 1998; Sartor et al., 2006; 2008). For example, in a study of
Australian twins, Agrawal et al (2009) concluded that after adjusting for the genetic
confounding between ADI and AUD risk, ADI remained a risk factor for AUD. The marker
hypothesis is supported by prospective research findings that a variety of behavioral
problems assessed in middle childhood predict early ADI (McGue et al., 2001), and the
association between ADI and alcohol dependence becomes non-significant after covarying
for other risk factors (King and Chassin, 2007).

Limited research has examined ADI as a risk factor for AUDs in ethnically diverse samples,
although some support has been found (Grant and Dawson, 1997; Hawkins et al., 1997). For
example, in a longitudinal study ADI was found to mediate the effects of parental, peer, and
school factors and ethnicity on risk for alcohol misuse seven years later, and the effects of
other risk factors became non-significant after controlling for ADI (Hawkins et al., 1997).
However, a more recent study found ADI was a predictor of alcohol problems by early
adulthood in White- but not African-American females (Sartor et al., 2013). No previous
studies have examined whether this relationship is found in individuals of Asian descent.

ADI has been found to differ across ethnic groups. In the National Longitudinal Study of
Adolescent Health (1994-2008), Asian youth reported later ADI on average (16.1 years with
67.9% having initiated) than White youth (14.9 years with 84.1% having initiated; Clark et
al., 2013). Two recent studies also examined alcohol initiation rates within Asian American
subgroups (Shih et al., 2015, Kane et al., 2017). A study of middle school students in
Southern California (Shih et al., 2015) did not find significant differences in alcohol
initiation rates across seven subgroups of Asian American adolescents, although the authors
noted a few trends by subgroup including that initiation of alcohol use was higher for
Filipino (14.9%) and Korean (12.7%) adolescents and lower for Indian (4.4%) and Chinese
(6.7%) adolescents. Results from the National Survey on Drug Use and Health (2002-2013)
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found a different pattern for early alcohol initiation (defined as alcohol use prior to age 14
years) among Asian American subgroups (Kane et al., 2017). Viethamese American youth
had the highest rate of early alcohol initiation (13.5%) and Indian American youth had the
lowest rate (4.9%), with Chinese (9.4%) and Korean (9.5%) American youth having
intermediate rates.

These few studies indicate differences in ADI across Asian and White American youth, but
whether ADI is a consistent predictor of AUD across these ethnic groups remains to be
determined. Studies that examine diverse samples and also take into account additional risk
factors that vary across ethnic groups can provide insight into the stability of the relationship
between ADI and the development of AUDs. The purpose of this study is to examine ADI as
a risk factor for AUD symptoms after taking into account two additional risk factors for
AUD that also have been found to differ in their prevalence rates across Asian and White
American youth, CD symptoms and the alcohol metabolizing gene ALDHZ2*2variant allele
(rs671, ALDHZ2*Lys487), to better understand underlying pathways for the development of
AUDs and the mechanistic role of ADI in this process.

This study builds upon our prior work that examined CD, ALDHZ2*2, ethnicity, and alcohol
problems by incorporating ADI. In a previous study using path models with the current
sample, we examined whether ethnic group differences in alcohol dependence could be
explained by differences in CD and ALDH2*2 (Luczak et al., 2004). We found ALDH2*2
and CD partially accounted for ethnic group differences in rates of alcohol dependence in an
additive, not an interactive, manner. The additive effect for CD and ALDHZ2*2is consistent
with these two variables being part of separate mechanistic pathways (i.e. behavioral
undercontrol and pharmacological vulnerability pathways). In addition, we found ethnic
group differences that were not accounted for by these models, suggesting the importance of
other variables.

The current study extends this work to examine ethnicity and ALDHZ2*2 as moderators of
the pathway from ADI to AUD after covarying for CD. Importantly, the variant ALDH2*2
allele, which produces an inactive enzyme that results in increased levels of acetaldehyde
during alcohol metabolism that is associated with more intense responses to alcohol and
decreased risk for AUDs (see Li, 2000; Luczak et al., 2006; Wall et al., 2016), is expected to
exert an influence on AUDs once an individual begins to drink. ALDHZ2*2is extremely rare
in Whites, but the allele is present in about one third of Korean and one half of Chinese
individuals (see Eng et al., 2007), so studying these ethnic groups provides a unique
opportunity to incorporate this genetic risk factor into ADI-AUD developmental pathway
models. Examining the relationships between ADI and AUD in individuals with variant
ALDH2#*2alleles can help elucidate the stability and strength of the relationship between
ADI and AUD across individuals whose physical reactions to alcohol are expected to vary
once drinking is initiated.

Our primary hypothesis was that the relationship between ADI and AUD symptoms would
differ by ALDHZ2*2 status, with ALDH2*2 buffering the risk associated with earlier ADI.
We did not make a priori predictions about the role of ethnicity as a moderator of this
relationship, but we tested for differences in this relationships across ethnic groups given our
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prior finding of variation among Chinese-, Korean-, and White-Americans on alcohol
dependence that was not accounted for by either CD or ALDHZ2*2. Covarying for CD,
which we previously reported was highest in the Koreans and lowest in the Chinese in our
sample, enables us to examine the ADI-AUD relationship above and beyond the already
well-established relationship of CD with AUD while also removing any confound with ADI.
Understanding the stability of the ADI-AUD relationship in a diverse sample with variations
in the prevalence of multiple risk factors will help to advance our knowledge of how genetic
and ethnic group variables combine and interact with ADI to contribute to the development
of AUD.

Materials and Methods

Participants

Participants were 604 college students recruited from the University of California, San
Diego ranging in age from 21 to 26 years (M= 21.95, SD = 1.26). All participants reported
that both biological parents were entirely of Chinese (7= 190; 52% female), Korean (n=
214; 50% female), or White (n = 200; 47% female) heritage.

Procedure and Measures

Participants were recruited via advertisements on campus and in the school newspaper that
did not state the purpose of the study. Participants were informed about our procedures for
protecting confidentiality, including obtaining a Certificate of Confidentiality from the U.S.
Department of Health and Human Services that restricts access to individual data by
subpoena. Informed written consent for participation was obtained.

Each participant completed an individual assessment with a trained research interviewer.
The interview included the Semi-Structured Assessment for the Genetics of Alcoholism
(SSAGA; Bucholz et al., 1994), which obtains drinking milestones and DSM-/VVCD and
AUD symptoms. Participants also provided a blood sample via fingerprick onto filter paper,
which was sent to the Alcohol Research Center at Indiana University for genotyping at the
ALDH?Zloci using enzymatic amplification of genomic DNA and allele-specific
oligonucleotides as previously described (see Luczak et al., 2001).

Variables in the Models

Groups Based on ALDH2*2 and Ethnicity—ALDHZ genotyping indicated that 91
(48%) Chinese were ALDH2*1/*1, 84 (44%) were ALDHZ2*1/*2 and 15 (8%) were
ALDH2*2/*2, and that 141 (66%) Koreans were ALDHZ2*1/*1, 67 (31%) were
ALDHZ2*1/*%2, and 6 (3%) were ALDH2*2/*2. No Whites had an ALDHZ*2allele. Given
that the effects of these alleles are not linear (see Li, 2000; Luczak et al., 2006) and to
increase power, the groups were dichotomized for statistical comparisons on the basis of the
presence (+) or absence (=) of ALDHZ2*2allele, which is consistent with prior studies (e.g.,
Hendershot et al., 2005; Luczak et al., 2004). We then crossed Ethnicity (Chinese, Korean,
White) and ALDHZ2*2 (+/-) to create five groups for the multiple-group path model:
Chinese(-), Chinese(+), Korean(-), Korean (+), and White. Using ethnicity/ ALDHZ2*2
groups takes into account the issue of population stratification in our analyses and allows for
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the effects of a genetic variant that differs in prevalence across ethnic groups and the effects
of ethnicity to be examined in a single model.

ADI—Participants reported their age (in years) when they first had a full drink, not a sip, of

alcohol. A drink was defined as 12 oz of beer, 4 0z of wine, or a single shot (1-1.5 0z) of 80
proof of alcohol. Five Chinese, five Koreans, and four Whites had not consumed a full drink.
Five individuals reported ages of 5 and 7 years, which was >3 SD below the mean, and thus

were collapsed (i.e., winsorized) into the score of 8 years (coinciding with a zscore of —3.04
in the original distribution). This resulted in an 8-year-old age category that contained 1.7%

of the data.

AUD Symptoms—The dependent variable in our model was lifetime DSM-/V (APA,
1994) AUD symptoms. AUD symptom counts in the current sample ranged from 0 to 11. We
used a square-root transformation to account for the bottom-heavy distribution, improving
the skew statistic from 2.09 to —0.84.

CD Symptoms—We included CD symptoms prior to age 15 years as a covariate in the
model. A unique feature of the SSAGA is that it assesses psychiatric symptoms independent
of substance abuse. Thus, no symptom of CD in our data was the result of substance use. CD
symptom counts in the current sample ranged from 0 to 8. We used a square-root
transformation to account for the bottom-heavy distribution, improving the skew statistic
from 1.85 to 0.62.

Gender—We included Gender (0 = female, 1 = male) as a covariate in the model.

Analyses were conducted in SPSS version 24 (IBM corp, 2016) and Mplus version 8
(Muthén and Muthén, 1998-2017). Our primary analyses tested a single multigroup path
model using a series of constraints and releases across the five ALDHZ*2lethnic groups.
Means were free to vary across groups, and gender and CD Symptoms were included as
covariates. Model constraints were compared using loglikelihood (—2LL), Akaike
information criterion (AIC), and Ay ? statistics. We first compared the model fit with the
ADI-AUD Symptoms path fixed versus freed across the five groups. When we found the
model fit significantly improved by freeing this path, we then tested whether a series of 2
and 3 groups could be constrained without significantly reducing model fit to determine
which groups were statistically equivalent and which were not. In a final step, we tested
whether the relationship between ADI and AUD Symptoms was significantly different from
0.

Lastly, in a follow-up analysis of Asians only, we further examined whether ethnicity
(Chinese, Korean) and ALDHZ2*2were each significant moderators of the relationship ADI
and AUD Symptoms using Model 3 in the PROCESS macro version 2.16.3 (Hayes, 2012—
2016; 2013). ALDHZ2*2was included as a moderator of ethnicity, which itself was a direct
moderator of the relationship ADI and AUD Symptoms, and gender and CD Symptoms
were entered as covariates (see Figure 1). Because there is no ALDHZ2*2variation in
Whites, only Asians were included in this analysis. This analysis allowed us to more fully
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explicate the extent to which ALDHZ2#*2, Asian ethnic subgroup, and their interaction each
accounted for the significant group effects we found in the multigroup models using groups
created from the combination of ALDH2*2and ethnic group.

Results

Descriptive Statistics

Table 1 shows the means and intercorrelations for the model variables stratified into the five
ALDHZ2*Zlethnic groups. CD Symptoms were positively associated with AUD Symptoms
among all groups and were negatively associated with ADI among all groups except
Chinese(-). ADI was negatively associated with AUD Symptoms among all groups except
Chinese(=). ANOVAs indicated ADI, £ (4,599) =5.21, p<.001, CD Symptoms, F (4, 599)
=4.30, p=.002, and AUD Symptoms, £ (4, 599) = 16.35, p< .001, levels differed across
the five groups. Tukey HSD posthoc comparisons found significant mean differences in ADI
for Whites with Korean(-) and Chinese(+); in CD Symptoms for Korean(=) with Chinese(-)
and Chinese(+); and in AUD Symptoms for Whites with Chinese(-), Chinese(+), and
Korean(+), and for Korean(=) with Chinese(-) and Chinese(+).

Multigroup Model

Table 2 shows the relative fits of our model after imposing various multigroup constraints.
The baseline model with the ADI-AUD Symptoms path fixed across all five groups is shown
in row 1. Releasing the path in row 2 improved the model fit, indicating this path was
moderated by group. We then constrained the path across select groups based on ethnicity
and ALDHZ2#*2to determine which groups had similar model fits and thus could be
constrained to be equivalent (shown in rows 3-9). Constraining the Chinese(-) and (+)
groups did not significantly affect model fit, but constraining the Korean(-) and (+) groups
did. Constraining the Chinese(+) and Korean(+) groups did not affect model fit, whereas
constraining the Chinese(—) and Korean(-) groups did. Constraining Koreans(-) and Whites
(who also have no ALDHZ2*2allele) also did not significantly affect model fit. Finally,
constraining Chinese(-), Chinese(+), and Korean(+) groups did not significantly reduce fit.
Thus, the groups were parsimoniously constrained into Whites/Korean(=) and Chinese(—/+)/
Korean(+). In this model, the ADI-AUD Symptoms path was significant for Whites/
Korean(-), b = -.121, p<.001, but not for Chinese(—/+)/Korean(+), b = -.019, p=.140.
Finally, given the small and non-significant ADI-AUD Symptoms path loading for
Chinese(-/+)/Korean(+), in our final model (row 10) we constrained the ADI-AUD path to
zero for Chinese(—/+)/Korean(+), which did not significantly affect model fit. Thus, the
ADI-AUD Symptoms path was significantly negative for the White/Korean(-) groups, but
was not statistically different from zero for Chinese(—/+)/Korean(-) groups.

Moderated Moderation Model

In a final analysis of Asians only (17 =394), we examined a moderated moderation model
with ALDHZ2*2 moderating ethnicity, which was a direct moderator of the ADI-AUD
Symptoms relationship. The model accounted for an R? of .239, A9, 384) = 13.43, p< .001.
The three-way interaction of ADI X ALDH2*2 X Ethnicity was significant (AR? = .018, p
=.003), all two-way interactions were p< .10 (ranging from p < .001 to p=.052), and all
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simple effects were significant for Chinese/Korean (b = 1.34, p<.001), ALDHZ2*2-I+) (b =
1.88, p=.047), and ADI (b = 0.07, p=.044). When conditional effects were examined,
ALDH2*2(-) was driving the moderation of Ethnicity X ADI interaction (b = -0.13, p<.
001), and Korean(-) was driving the moderation of the ADI-AUD Symptoms relationship (b
=-0.07, p<.001). These results are consistent with the multigroup models and further show
that ALDHZ2*2, Asian ethnic subgroup, and their interaction each contributed to the
significant group effects we found in the multigroup models where the five groups were
based on both ALDHZ2*2and ethnic group.

Discussion

The present study examined whether ethnicity and ALDHZ2#*2 moderate the risk for AUD
symptoms associated with earlier ADI in a sample of Chinese—, Korean—-, and White-
American college students. The prevalence of several risk and protective factors along the
development path for AUDs varies between White and Asian American ethnic groups,
which provides an opportunity to examine the ADI-AUD relationship among varying levels
of risk. The results of this study extend previous research by revealing a pattern of risk for
AUD that varies by both ethnicity and ALDHZ2*2. Our findings indicate that ADI is not
associated with AUD symptoms in Koreans with an ALDHZ2#*2allele or in Chinese
regardless of ALDHZ2*2status. Thus, both ALDHZ2*2and ethnic subgroup are moderators of
this relationship, with the risk of ADI being buffered by possessing a genetic variation that
heightens responses to alcohol as well as by additional factors among Chinese that remain to
be determined.

This novel finding of variations in the ADI-AUD relationship indicates that it is not just an
earlier initiation of drinking that predicts subsequent drinking problems, but that factors
involved in the process once an individual has begun to drink are influential in determining
whether earlier drinking is predictive of later problems. Our finding that ALDH2*2 alters
the effects of earlier drinking on the development of AUD symptoms suggests the
relationship between ADI-AUD symptoms is modifiable. In a prospective study of Asian
Americans over four years of college (beginning at age 18 years), we previously showed that
the relationship between binge drinking and alcohol-related problems differed for
individuals with and without an ALDHZ2*2allele (Luczak et al., 2014). In that study, which
examined only alcohol consumption patterns and problems, the path from consumption to
problems was moderated by possession of an ALDHZ#*2allele, with binge drinking being a
less strong predictor of problems in those with ALDH2*2. These findings suggest an
individual’s level of response to alcohol contributes to the likelihood of drinking heavily, but
also variability in the relationship between heavy drinking and developing problems. Along
these lines, the pharmacological vulnerability model predicts not only that a higher response
to alcohol is protective against developing AUDs, but also that a lower response is a risk
factor for AUDs (see Luczak et al., 2011; Schuckit et al., 2004; Sher, 1991). Thus, research
examining the relationship between ADI and AUD in individuals with a low response to
alcohol could provide further insight into variation in the progression from drinking
initiation to alcohol-related problems. In addition, longitudinal studies that incorporate both
risk and protective factors along the ADI-AUD pathway including a detailed assessment of
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early drinking patterns would provide a more nuanced understanding of mechanisms
underlying developmental differences in the path from initiation to problems.

This study cannot speak directly to whether ADI is a causal factor or a marker, but our
findings do indicate that the path from ADI to AUD symptoms can be altered by other
factors. Earlier ADI does place individuals at risk for developing AUD symptoms, but it is
clear that this relationship has variability that involves a greater constellation of factors than
these two factors alone. Genetically informative studies have found environmental factors
are more involved in ADI whereas genetic factors are more implicated in AUDs (Agrawal
and Lynskey, 2008; Fowler et al., 2007; Maes et al., 1999; Pagan et al., 2006; Prescott and
Kendler, 1999b). Our results also suggest that specific genetic variations like ALDH2*2
further affect how more environmentally-influenced risk factors like ADI relate to the
development of AUDs, thus helping to inform how gene-environment interactions are
involved in the mechanistic pathways. It will also be important to examine what other
genetic and environmental factors are found in Chinese Americans that offer further
protection from AUDs beyond those afforded by ALDHZ2*2.

The ADI-AUD relationship was significant in some of our groups after covarying for CD
symptoms and gender but not in others, suggesting sample differences may help explain why
only some studies have found this ADI-AUD relationship after covarying for CD. In this
study, CD symptoms were correlated with AUD symptoms in all ALDH2*2lethnic groups,
and with earlier ADI in all groups except Chinese without ALDH2#*2. These results are
consistent with the behavioral undercontrol model, with childhood CD symptoms being
related to both earlier ADI and higher AUD symptoms by early adulthood, regardless of
ALDHZ2#*2 or ethnicity. The robust relationship of CD-ADI and CD-AUD across our groups
provides additional support for the generalizability of this developmental pathway in diverse
samples. However, once accounting for CD symptoms, ADI remained a significant predictor
of AUD symptoms only in Whites and Koreans without ALDHZ2#*2. Understanding when
and how ADI contributes additional risk for AUD symptoms above and beyond CD
symptoms can be examined in future research with other diverse samples.

It is important to acknowledge the limitations of the study. The data collected are based on
retrospective self-report interviews, which are subject to response bias. This is particularly
important to consider given the possibility of differential accuracy of self-report across
ethnic groups (e.g., Bauman and Ennett, 1994), although accuracy is not expected to differ
based on ALDHZ2*2. Longitudinal studies with ages of initiation obtained over time will
provide further support of these developmental processes. In addition, the use of a college
student sample limits the generalizability of the results to different age groups as well as to
the population of non-college attending individuals of the same age. Finally, we were unable
to take into account additional genetic (e.g., ADH1B), acculturation, and background-culture
variables in our analyses. Future research is needed with additional variables such as
acculturation, parental respect, permissive attitudes toward alcohol, etc. (Hahm et al., 2004;
Iwamoto et al., 2016; Shih et al., 2012) to investigate how these factors are related to ethnic
differences in ADI and alcohol problems.

Alcohol Clin Exp Res. Author manuscript; available in PMC 2018 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Luczak et al.

Page 9

Despite these limitations, this study contributes to the literature by providing an example of
how risk and protective factors combine to alter the development of AUD symptoms,
particularly the role of ADI. It also indicates a possible point to intervene in this pathway
once drinking has occurred, for example based on response to alcohol and heavy
consumption patterns. Finally, this study shows that ethnic group differences in AUD
symptoms result not only from different prevalence of risk and protective factors, but also
are due to variation in the relationships between vulnerability factors and alcohol outcomes.
Such moderation models can be used in future studies to examine mechanistic pathways
between risk/protective factors and drinking outcomes in prospective designs.
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