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Abstract
There is increasing interest in health interventions that incorporate genetic risk information.
Although genetic feedback has been evaluated as an adjunct to smoking cessation interventions, its
efficacy for reducing alcohol-related risks is unknown. The purpose of this study was to evaluate
the feasibility, acceptability, and efficacy of a web-based alcohol intervention incorporating
genetic feedback and risk information specific to ALDH2 genotype. The ALDH2*2 variant is
associated with partial protection against alcohol dependence but confers significantly increased
risk for alcohol-related cancers as a function of alcohol exposure. Two hundred Asian-American
young adults were randomly assigned to receive web-based personalized genetic feedback or
attention-control feedback. Genetic feedback included health risk information specific to alcohol-
related cancer or alcohol dependence, depending on genotype. Outcomes included
postintervention drinking behavior and theoretical correlates of behavior change. Genetic feedback
and risk information resulted in significant reductions in 30-day drinking frequency and quantity
among participants with the ALDH2*1/*2 genotype. Genetic feedback was rated highly by
participants and also showed some effects on theoretical correlates of behavior change. Results
provide initial evidence of the feasibility, acceptability, and brief efficacy of web-based genetic
feedback for reducing alcohol-related health risks associated with ALDH2 genotype.
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The prospect of personalized medicine has generated substantial interest in behavioral
interventions that incorporate genomic risk information [1,2]. Given the complexities of
characterizing the genetic basis of common, multifactorial diseases, genome-based risk
prediction remains a challenging goal. While genome-wide association studies are
identifying risk alleles for common disorders [3], it is evident that these variants will be
large in number and characterized by small associations with disease outcomes [4–6],
currently yielding minimal predictive power above and beyond clinical indicators [7–9].
Additional challenges include the translation of empirically derived risk estimates into
individualized interventions and evaluating whether and how genetic risk information might
promote behavior change [10–12].

To date, the incorporation of genetic feedback in substance use interventions is almost
exclusive to studies of tobacco use. Two randomized trials evaluated the efficacy of genetic
feedback for GSTM1, which encodes an enzyme involved in detoxifying environmental
carcinogens and shows an association with lung cancer risk [13,14]. In one study, the
addition of GSTM1 feedback to a multicomponent intervention resulted in greater
abstinence rates 6 months (but not 12 months) later [15]. Another found that GSTM1
feedback led to decreases in smoking and greater motivation to quit smoking compared to a
control group [16]. In one nonrandomized study, participants who received GSTM1
feedback showed high utilization of smoking cessation services, but risk perception did not
differ across higher- and lower-risk genotype groups [17]. Other studies have focused on
CYP2D6, which also has functional significance for the metabolism of environmental
toxins. In one trial, the addition of CYP2D6 feedback to a multicomponent intervention
predicted perceived health risks and perceived benefits of smoking cessation, as well as
subsequent quit attempts, but did not predict cessation [18,19]. A study evaluating feedback
about the L-myc EcoR1 polymorphism found no overall effect on smoking rates [20].
Finally, providing smokers with genotype-specific feedback about risk for alpha-1
antitrypsin deficiency, a genetic condition that increases risk for emphysema, was associated
with greater cessation rates among those at higher genetic risk [21]. Overall, the use of
genetic feedback in smoking interventions has yielded modest and inconsistent effects on
cognitive outcomes (e.g., risk perception) and no evidence of consistent or sustained effects
on behavior.

The efficacy of genetic feedback interventions for reducing alcohol-related health risks has
not been studied. Heavy alcohol consumption and alcohol dependence are associated with
disease burden globally [22]; in particular, the risk for upper aerodigestive tract cancers
increases significantly with cumulative alcohol exposure [23,24]. Upper aerodigestive tract
cancers are attributed largely to exposure to acetaldehyde, a metabolic byproduct of ethanol
and an established animal carcinogen [23,24]. The primary pathway of alcohol metabolism
includes oxidation of ethanol to acetaldehyde by alcohol dehydrogenase enzymes, followed
by oxidation of acetaldehyde, which is catalyzed primarily by the mitochondrial aldehyde
dehydrogenase (ALDH) enzyme [25]. Genetic variations are demonstrated to influence the
catalytic properties of these enzymes, leading to differences in rates of acetaldehyde
production or elimination [25].

Variations in alcohol metabolizing genes are demonstrated to moderate risk for alcohol-
related cancers [24,26,27]. ALDH2, which encodes the mitochondrial aldehyde
dehydrogenase enzyme, shows the strongest association with cancer risk. The ALDH2*2
allele, which is almost exclusive to individuals of northeast Asian descent, encodes a
functionally inactive enzyme subunit that leads to impaired acetaldehyde metabolism.
Individuals with ALDH2*2 show increased levels of blood acetaldehyde and increased
physiological responses to alcohol (e.g., skin flushing, tachycardia) following alcohol
consumption [28]. For individuals homozygous for ALDH2*2 (ALDH2*2/*2 genotype),
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mitochondrial aldehyde dehydrogenase is completely inactive. As a result, these individuals
show strong physiological reactions to alcohol, low drinking rates, and virtually no risk for
alcohol dependence [28,29]. ALDH2*2 heterozygotes (ALDH2*1/*2 genotype) also show
elevated blood acetaldehyde during alcohol consumption and have lower rates of alcohol use
and dependence than those with the common ALDH2*1/*1 genotype. However, protection
against alcohol dependence in heterozygotes is incomplete; a sizable proportion report
moderate or heavy drinking and some develop alcohol dependence [29].

It is widely established that ALDH2*2 heterozygotes who drink alcohol are at significantly
increased risk for alcohol-related cancers, in particular squamous cell esophageal cancer
(e.g., [26,30–32]); this association shows a dose–response pattern [26,33,34]. Odds ratios for
esophageal cancer risk for ALDH2*1/*2 individuals (compared to ALDH2*1/*1) have been
estimated to range from four to 13 across Japanese studies [26], but odds ratios as high as
30–95 have been reported among heavy drinkers [26,30,34]. One meta-analysis, which
included seven studies, reported summary odds ratios of 7.07 (95% confidence interval
3.67–13.6) for heavy drinkers and 2.49 (95% confidence interval 1.29–4.79) for moderate
drinkers with the ALDH2*1/*2 genotype [35]. Notably, there is molecular evidence to
support that elevated cancer risk among heterozygotes is attributable to acetaldehyde
exposure during alcohol consumption [33]. Because ALDH2*1/*2 individuals are estimated
to number 540 million worldwide—comprising 8% of the global population—experts have
called for large-scale prevention efforts in this group [33].

One empirically supported approach for reducing alcohol-related risks is brief feedback and
motivational enhancement interventions [36,37]. Informed by motivational [38] and social
psychological theories [39], these interventions typically incorporate personalized feedback
about an individual’s drinking behavior relative to a given population or reference group.
Theoretically, such information can enhance awareness of alcohol-related risks and highlight
discrepancies between current behaviors and future goals [37,39]. Whereas these
interventions often provide normative feedback about the target behavior (alcohol use) in
comparison to a reference group (e.g., college students), genetic feedback interventions
provide individualized information about possible health risks based on one’s genotype
relative to individuals with a different genotype [15–21]. While these two approaches appear
compatible, personalized feedback interventions for alcohol use have not incorporated risk
information specific to genetic variants. Additionally, whereas alcohol interventions have
increasingly used web-based approaches to promote wide dissemination of personalized
interventions [40,41], few studies of genetic risk information have tested internet-delivered
interventions [17].

The current study evaluated the feasibility, acceptability, and short-term efficacy of brief,
web-based intervention incorporating personalized feedback and risk information specific to
ALDH2 genotype. The primary aim was to examine whether genetic feedback and
information about alcohol-related cancer risk would influence drinking behavior among
individuals with the ALDH2*1/*2 genotype. However, a focus on ALDH2 allowed the
additional goal of evaluating feedback about genetic risk for alcohol dependence.
Specifically, meta-analyses show that the risk for alcohol dependence among ALDH2*1/*1
individuals is roughly 4.5 times higher than for ALDH2*1/*2 individuals and 8.3 times
higher than for ALDH2*2/*2 individuals [29]. Thus, we evaluated genetic risk information
specific to (a) alcohol-related cancers (targeting ALDH2*1/*2 individuals) and (b) alcohol
dependence (targeting ALDH2*1/*1 individuals, given increased risk relative to ALDH2*1/
*2 individuals). Changes in drinking behavior over a 30-day period following the
intervention served as the primary outcome. Secondary outcomes included cognitive and
motivational correlates of behavior change that were conceptually relevant based on
theoretical considerations and prior empirical findings.
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Method
Participants

The sample included 200 college students (46.5% male, mean age=20.2 years [SD=1.5]) of
northeast Asian descent who participated in a prospective study of genetic and cognitive
correlates of drinking behavior. Participants were initially recruited via phone and email
based on university records and were eligible if they reported 100% Chinese, Korean, or
Japanese heritage. On the whole, participants showed moderate drinking rates.
Approximately 90% of the sample reported lifetime drinking; of these, 39% reported a
recent heavy drinking episode (i.e., 4+ drinks for women or 5+ drinks for men in a single
episode) and 17.5% met criteria for at-risk drinking based on a standardized measure.
Detailed information on recruitment and drinking characteristics for this sample is available
[42]. The racial composition of the sample was 57.5% Chinese, 33.5% Korean, and 9.0%
Japanese. ALDH2 genotype distribution was 52.5% ALDH2*1/*1, 36.5% ALDH2*1/*2, and
11.0% ALDH2*2/*2.

Study Design
The study design is depicted in Fig. 1. As part of a larger prospective study, participants had
completed an initial laboratory visit to provide informed consent and a blood sample for
DNA analysis. Subsequently, participants completed two web-based assessments of drinking
behavior; one occurred soon after the laboratory visit [42] and the other occurred 3 months
thereafter. The latter assessment served as the “baseline” for the current study, as it was the
assessment that directly preceded the intervention. Participants were randomly assigned to
personalized genetic feedback (n=100) or attention-control feedback (n=100).
Randomization was conducted within genotype group to ensure equal genotype distributions
across conditions. Although investigators were not blind to participants’ condition, all
personal contact with participants preceded randomization, minimizing chances of bias.
Participants were unaware of their condition assignment but had been told that they would
receive feedback about their ALDH2 genotype at some point during the study.

One month after randomization, participants received an email with a personalized
identification number and an embedded link that directed them to their online feedback
session. Web-based feedback and assessments were developed in DatStat Illume (DatStat.,
Inc., Seattle, WA, USA). Codes assigned to each participant based on genotype and
treatment condition were preloaded into the web survey and linked to personal identification
numbers to dictate which web-based feedback condition was presented. Participants
completed a final (postintervention) assessment of drinking behavior 30 days after viewing
their feedback. Upon completion of the study, individuals who had been assigned to
attention-control feedback received an email with a link to view their genotype result and
related risk information, ensuring that all participants had the chance to receive the
information contained in the genetic feedback condition.

Personalized Genetic Feedback—Web-based genetic feedback was designed to
provide participants with their ALDH2 test result and genotype-specific risk information.
The feedback session began with preliminary information designed to aid in feedback
interpretation. This information conveyed that (a) alcohol use and alcohol use disorders are
influenced both by genetic and environmental factors, (b) few genes have been consistently
associated with alcohol-related behaviors, and (c) ALDH2 shows the strongest association
with drinking behavior. This section also described the functional significance of ALDH2,
the role of the aldehyde dehydrogenase enzyme in acetaldehyde elimination, the functional
significance of ALDH2 variants (i.e., *1 and *2 alleles), and population differences in
genotype frequencies. This section also described that ALDH2*2 is associated with
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increased levels of blood acetaldehyde during alcohol consumption and lower rates of
alcohol dependence. Participants were prompted to proceed if they wanted to view their test
result, at which point the result was presented (e.g., Your genotype is ALDH2*1/*2. This
means that you have one copy of the *2 allele.).

Subsequent information varied based on genotype. ALDH2*1/*2 participants learned that
their genotype is associated not only with a lower risk for alcohol dependence but also with
significantly increased risk for alcohol-related cancers (i.e., five to 12 times greater risk for
esophageal cancer versus ALDH2*1/*1 individuals, based on published studies available
when the intervention was designed [31,32,34]). Feedback also explained that (a) increased
cancer risk in ALDH2*1/*2 individuals is attributed to acetaldehyde exposure, (b) higher
drinking levels are associated with increased risk, and (c) non-drinkers with this genotype do
not show elevated risk.

Risk information for ALDH2*1/*1 participants was specific to alcohol dependence. These
individuals learned that their genotype is associated with rates of alcohol dependence that
are 4- to 5-fold higher than ALDH2*1/*2 individuals and 8- to 9-fold higher than ALDH2*2/
*2 individuals [29]. Individuals with the ALDH2*2/*2 genotype did not receive information
concerning increased risk for alcohol-related outcomes, as this genotype is associated with
extremely low rates of alcohol use. These individuals received information that their
genotype is associated with a significantly lower risk for alcohol dependence.

To enhance the validity of the information presented, the genetic feedback was framed in the
context of empirical findings and was accompanied by hyperlinks that directed participants
to relevant studies in the PubMed database. The genetic feedback concluded with an explicit
statement that the information did not constitute a diagnosis or deterministic estimate of risk.
Information also conveyed that the optimal method for reducing alcohol-related health risks
is to moderate alcohol intake; this statement was accompanied by a brief list of generic
strategies for moderating alcohol consumption (e.g., planning ahead; spacing drinks).
Participants had the option of printing a summary of their feedback. All participants who
viewed their feedback were also mailed a copy unless they opted out (n=33). Participants
were encouraged to contact the study investigators with any questions. A genetic counselor
was available to provide consultation to participants; no requests for information were
received and no participants reported concerns.

Attention-Control Feedback—Participants assigned to the control group viewed a web-
based attention-control feedback session. Feedback consisted of normative information
about various college student behaviors collected from undergraduates in a prior survey
(e.g., Of the students we surveyed, 73% played high school athletic sports). The purpose of
using the attention-control feedback, as opposed to a wait-list control condition, was to
minimize differences between experimental conditions by ensuring that control participants
(a) received equivalent levels of contact with the study (e.g., email contact) and (b)
participated in a web-based session.

Overview and Theoretical Basis of Primary and Secondary Outcome Variables
One limitation of research on behavior change following genetic risk information is the
infrequent adoption of theory-based models [43]. Among studies that do invoke theoretical
models, no one conceptual framework has demonstrated superiority, although specific
constructs have emerged as important. These constructs include perceived susceptibility to
health risks, emotional responses to risk information, and intentions for modifying behavior
[43,44]. Rather than aiming to comprehensively test any one theoretical model, the goal of
the current study was to examine constructs that were conceptually relevant based on (a)

Hendershot et al. Page 5

Ann Behav Med. Author manuscript; available in PMC 2011 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



prior studies evaluating genetic feedback and risk information and (b) theories of substance
use behavior change.

The primary outcomes included three indices of alcohol use behavior at the baseline and
postintervention assessments. Changes in drinking between time points served as the
primary endpoints. Secondary outcomes included conceptually relevant cognitive, affective,
and motivational variables. Risk perception, motivation, and intentions were assessed at
baseline as well as immediately following the intervention (i.e., during the same web-based
session at which participants logged on to view their feedback) to allow examination of the
immediate impact of the feedback as influencing change in these variables. Fear arousal
was assessed immediately following feedback presentation to examine differences in this
outcome between genetic feedback and control conditions. Alcohol expectancies (measured
at baseline and postintervention assessments) were included as a theoretically relevant
variable that has been shown to correspond with changes in drinking [45]. Though not
theoretically specific to behavior change, we also examined participant satisfaction with the
feedback and interest in future genetic feedback (both assessed immediately following
feedback, with the latter one assessed only in the genetic feedback condition) as measures of
intervention acceptability.

Alcohol Use—Drinking quantity/frequency was assessed with the Daily Drinking
Questionnaire, a validated measure of alcohol consumption [46]. Primary outcomes were
30-day frequency of alcohol use (assessed on a scale of 1 (“Not at all”) to 7 (“Once a day or
more”)), maximum drinks consumed and typical number of drinks on weekend nights.

Risk Perception—Risk perception, a construct central to several theories of response to
health risk information [43,44], was measured in relation to alcohol-related health outcomes
specifically. Because there was not a precedent for examining perceived risk for alcohol-
related health outcomes in the context of genetic risk information, perceived risk was
assessed with an item developed for the current study (“In your opinion, how likely is it that
you will experience an alcohol-related health problem in the future?”), rated from 0
(completely unlikely) to 5 (completely likely).

Motivation—Motivation for reducing alcohol use was estimated using a change ruler used
in prior work [47] based on motivational theories of behavior change [38]. Participants
viewed a ruler with a analog scale numbered 0–10; lower numbers indicated
precontemplation (0 = “I never think about my drinking”) and progressively higher numbers
indicated commitment/action/maintenance (e.g., 5 = “I have decided to drink less,” 10 =
“My drinking has changed. I now drink less than before”).

Behavioral Intentions—Behavioral intentions were assessed using three items modified
from prior research on responses to genetic risk information [43]: “How likely are you to
reduce your drinking in the next month?” (0 = very unlikely; 6 = very likely), “I plan to
reduce my alcohol intake in the next month” (0 = very unlikely; 6 = very likely), and “I
expect I will reduce my alcohol intake in the next month” (0 = very unlikely; 6 = very
likely).

Fear Arousal—Given theoretical and empirical support for the role of affective response
in genetic risk interpretation [43], participants reported on affective experiences in response
to the feedback. We used items reported in prior research on genetic risk information [43]
(i.e., tense, nervous, anxious, frightened, uncomfortable, worried), which were rated on a
scale of 1 (not at all) to 7 (extremely). An exploratory principle component analysis with
varimax rotation extracted one factor for these items; they were thus combined to form one
scale (alpha=0.89).
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Alcohol Expectancies—Alcohol expectancies (anticipated effects of alcohol
consumption) were theoretically relevant to the current study in that expectancies
consistently predict drinking behavior and are shown to change in accordance with changes
in drinking [45]. Expectancies were assessed with the 38-item Comprehensive Effects of
Alcohol measure [48]. Each expectancy item (e.g., “I would act sociable”) is rated on two
components: the perceived likelihood of the outcome (1 = disagree, 4 = agree) and the
subjective evaluation of the outcome (1 = bad, 5 = good). The measure includes global
scales for positive and negative alcohol expectancies, resulting in four outcomes examined
in the current study (i.e., positive/negative subscales and subjective evaluations (good/bad)
of these expectancies).

Feedback Interest/Satisfaction—Participants rated their interest/engagement in the
feedback based on four items (informative, interesting, engaging, useful) assessed on a scale
of 1 (not at all) to 7 (very). In addition, two items assessed participants’ interest in receiving
future genetic information based on receiving feedback in this study. Items were phrased,
“Based on learning about your ALDH2 genotype, are you more interested or less interested
in having a genetic test in the future?” and “Based on this feedback, are you more interested
or less interested in receiving feedback about health risks based on your genetic profile in
the future?” Items were assessed on a scale of 1 (much less interested) to 7 (much more
interested).

Feedback Comprehension—Genetic feedback participants were asked to recall (a) their
genotype (ALDH2*1/*1, ALDH2*1/*2, or ALDH2*2/*2) and (b) whether the information
they received indicated increased or decreased risk for alcohol-related cancers (for
ALDH2*1/*2 participants) or alcohol dependence (for ALDH2*1/*1 participants).

Genotyping—Blood samples were analyzed at the Alcohol Research Center at Indiana
University. DNA was isolated using the “HotSHOT” method [49] and TaqMan probes for
allelic discrimination (Applied BioSystems, Foster City, CA, USA), as described previously
[42]. Based on results using banked samples, single nucleotide polymorphism calling with
this method was highly reliable (>99.9%). Any undetermined samples were repeated or
sequenced until genotypes were obtained.

Data Analysis—Because genetic feedback content varied by genotype, Mann–Whitney
nonparametric tests were conducted separately for each genotype group to detect significant
intervention effects on the outcome variables. Main analyses involving the motivation, risk
perception, and behavioral intentions scales made use of baseline to postintervention (i.e.,
self-report by participants immediately after receiving feedback) change scores as the main
outcome of interest. Expectancy and alcohol use outcome variables made use of baseline to
1-month posttest change scores. Satisfaction and fear arousal were assessed immediately
following the intervention and evaluated in between-group analyses. Effect sizes for Mann–
Whitney statistics were calculated for all significant effects using the methods discussed by
Newcombe [50,51].

Results
Completion Rates and Preliminary Analyses

Ninety-three percent of genetic feedback participants and 96% of attention-control feedback
participants viewed their feedback session. Among these groups, 94 and 85 individuals
completed the 30-day postintervention survey, respectively. Response rates across all items
assessed immediately following the feedback (i.e., risk perception, motivation, intentions,
feedback satisfaction, and fear arousal) were 99–100%. Forty-three of 46 ALDH2*1/*1
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participants, 34 of 36 ALDH2*1/*2 participants, and eight of 11 ALDH2*2/*2 participants
correctly recalled their genotype. Forty-four of 46 ALDH2*1/*1 participants and 33 of 36
ALDH2*1/*2 participants correctly recalled information that their genotype was associated
with relatively increased risk for alcohol dependence and alcohol-related cancers,
respectively. Exploratory data analyses (e.g., histograms, descriptive statistics, and tests of
normality) were conducted to examine outcome variables and thereby determine underlying
distributions and detect outliers. Because no outcome variables were normally distributed,
nonparametric analyses (i.e., Mann–Whitney tests) were applied. There were no significant
baseline differences between genetic feedback and attention-control feedback groups on
drinking variables (p’s>0.10). Descriptive statistics for outcome variables by genotype and
intervention group are shown in Table 1.

Primary Alcohol Use Outcomes
Results indicated significant intervention effects on drinking outcomes for ALDH2*1/*2
participants (Table 2). As shown in Fig. 2, ALDH2*1/*2 participants who received genetic
feedback showed significantly greater baseline to posttest decreases in drinking quantity and
frequency than attention-control feedback participants. No significant intervention effects
were found for other groups (p’s>0.25).

Secondary Outcomes
Within the ALDH2*1/*1 group, genetic feedback participants showed significantly greater
increases in risk perception and intentions to change drinking behavior, as well as greater
fear arousal, compared to attention-control feedback participants (Tables 1 and 2). Within
the ALDH2*1/*2 group, genetic feedback predicted greater baseline to posttest increases in
risk perception compared to attention-control feedback. Among ALDH2*1/*2 participants,
the genetic feedback group reported significant reductions in their evaluations of “positive”
alcohol expectancies following the intervention compared to those receiving attention-
control feedback. That is, positive alcohol expectancies were rated as being less desirable
after the intervention compared to before the intervention in this group. No other significant
intervention effects on secondary outcomes were observed (p’s>0.05).

Participant Ratings of Web-Based Feedback
Regardless of genotype, participants rated the genetic feedback as significantly more
informative, interesting, engaging, and useful than attention-control feedback (Table 2).
Ratings of the genetic feedback on these items averaged 5.8 on the 1–7 scale, indicating
good acceptability. These participants also reported high interest in receiving a genetic test
(M=5.87, SD=1.13) and genetic risk information (M=6.03, SD=1.16) in the future based on
receiving genetic feedback in this study.

Discussion
This study evaluated a brief, web-based intervention incorporating personalized genetic
feedback and risk information specific to ALDH2 genotype. Participants with the ALDH2*1/
*2 genotype who received personalized genetic feedback and risk information reported
significant reductions in 30-day drinking frequency, quantity, and peak consumption
compared to those assigned to a control condition. Genetic feedback also predicted
significant increases in risk perception (for ALDH2*1/*1 and ALDH2*1/*2 individuals) and
intentions to reduce drinking (for ALDH2*1/*1 individuals). Ratings of the genetic feedback
indicated high interest and engagement, as well as high interest in receiving future genetic
risk information. Overall, the results provide initial support for the feasibility and
acceptability of a web-based genetic feedback intervention targeting substance use behavior
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in college students, as well the potential efficacy of this approach for reducing health risks
associated with ALDH2*2.

Previous studies incorporating genetic feedback as an adjunct to smoking interventions have
focused primarily on adults who were motivated for cessation. In contrast, this study
targeted nontreatment-seeking young adults who generally reported little motivation to
reduce their drinking, perhaps reflective of modest drinking rates in this sample. In this
context, evidence for significant intervention effects among ALDH2*1/*2 individuals is
notable for at least two reasons. First, given that even moderate drinking is associated with
elevated cancer risk in this group, interventions for moderate drinkers could have a
significant impact on overall disease burden in this subgroup [33]. Second, the results are
consistent with the notion that personalized genetic feedback might be efficacious for
addressing complex behaviors even when individuals are precontemplative of change. These
results provide a basis for examining the efficacy of more comprehensive primary
interventions addressing alcohol use among young adults with the ALDH2*1/*2 genotype
[33]. To the extent that such interventions might influence drinking trajectories, primary
interventions could play a significant role in reducing cancer risk attributable to cumulative
alcohol exposure.

Our focus on ALDH2 allowed the secondary goal of evaluating health risk information
specific to genetic risk for alcohol dependence. In contrast to the risk information delivered
to ALDH2*1/*2 participants, providing ALDH2*1/*1 individuals with information about
increased risk for alcohol dependence did not influence drinking. Because genetic feedback
precludes random assignment to feedback conditions, the two feedback groups could not be
compared directly. However, evaluating these two types of feedback in same study allows
for some speculation about differential intervention effects. One possibility is that genetic
risk information specific to a medical diagnosis is more salient than risk information for a
substance use disorder. For example, consistent with existing theory on responses to genetic
risk information [44,52], to the extent that a cancer diagnosis is perceived as (a) more severe
or (b) having a stronger genetic basis compared to alcohol dependence, cancer-related risk
information would be perceived as more salient. Perceived disease severity and perceived
genetic contribution to disease are therefore two constructs of theoretical relevance for
future studies [44,52]. An alternative explanation for the differential intervention effects is
that preexisting differences across genotype groups could influence intervention response.
For instance, because ALDH2*1/*2 individuals show heightened physiological responses to
alcohol, genetic information could have been more salient for this group in that they could
explicitly relate genetic feedback information to past drinking experiences. Differences in
drinking history across genotypes could also contribute to differential intervention response.

Whereas associations of individual genetic variants with substance use behavior are usually
small, focusing on ALDH2 allowed for the communication of relatively large effect sizes
(i.e., odds ratios) with respect to alcohol-related health outcomes. Theoretically, the ability
to explain increasing variance in genetic risk should increase the efficacy of genetic
feedback interventions [53]. However, simulation studies suggest that explaining even
moderate variance in genetic risk for complex disorders will require the consideration of
vast numbers of susceptibility alleles [5]. Although such studies are underway, accurate
prediction of genetic risk for complex diseases using genome-wide panels is not yet a reality
[4]. In the interim, studies of genetic feedback that focus on established risk markers, as was
the goal in this study, can be informative from a proof-of-concept standpoint. It is also
noteworthy that genetic feedback appears capable of promoting health protective behaviors
irrespective of whether participants have the higher-or lower-risk genotype [17,54] or
whether preventative measures exist for the disorder in question [55]. Thus, one possibility
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is that simply providing personalized genetic feedback could enhance intervention uptake or
efficacy, irrespective of the specificity of test results.

Limitations of this study include a moderately sized sample, a relatively short follow-up
period, and a focus on a specific population. Additionally, given the preliminary nature of
this study and its goals to establish intervention feasibility and acceptability, we did not aim
to test a comprehensive theoretical model or to conduct formal meditational analyses in
evaluating intervention effects. Future studies could address additional theoretical constructs
relevant for health risk perception (for example, self-efficacy, coping appraisals, perceived
disease severity [43,44,52]) as mediators or moderators of intervention efficacy. Notably,
experimental analog studies have proven useful for evaluating effects of genetic risk
information on psychological and motivational responses in the context of established health
behavior theories [43,53] and would be useful for refining interventions such as the one
described here. Another limitation concerns our assessment of risk perception, which relied
on a single-item measure developed for the current study. Ideally, future studies could
develop improved risk perception measures with established psychometric properties. Using
self-report measures of drinking behavior is also a potential limitation, as the veracity of
participants’ reports cannot be confirmed.

The current findings offer initial evidence for the feasibility, acceptability, and short-term
efficacy of brief interventions for reducing alcohol-related health risks among individuals
with ALDH2*2. Whereas large-scale interventions in primary care settings have recently
been recommended for this purpose [33], the current results suggest that web-based
approaches, which have the capacity for broad impact, could also be feasible and effective
as a delivery method for primary interventions. Based on the established efficacy of
traditional brief motivational enhancement interventions for alcohol use [36–37], one
direction for future research would be to integrate genetic risk information with personalized
normative feedback specific to individual drinking patterns. Additionally, the feasibility of a
web-based genetic feedback approach for targeting alcohol use in this study of college
students suggests that similar methods could be useful for addressing other health behaviors
in young adult populations.
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Fig. 1.
Study design

Hendershot et al. Page 14

Ann Behav Med. Author manuscript; available in PMC 2011 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2.
Baseline to postintervention (30-day) changes in drinking outcomes for ALDH2*1/*2
participants (lines indicate median changes)
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