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a b s t r a c t
Background: More effective approaches are needed to enhance drinking and other health behavior (e.g.,
smoking) outcomes of alcohol brief intervention (BI). Young adult heavy drinkers often engage in other
health risk behaviors and show sensitivity to alcohol’s stimulating and rewarding effects, which predicts
future alcohol-related problems. However, standard alcohol BIs do not address these issues. The current
pilot study tested the utility of including feedback on alcohol response phenotype to improve BI outcomes
among young adult heavy drinkers who smoke (HDS).
Methods: Thirty-three young adult (M ± SD age = 23.8 ± 2.1 years) HDS (8.7 ± 4.3 binge episodes/month;
23.6 ± 6.3 smoking days/month) were randomly assigned to standard alcohol BI (BI-S; n = 11), standard
alcohol BI with personalized alcohol response feedback (BI-ARF; n = 10), or a health behavior attention
control BI (AC; n = 11). Alcohol responses (stimulation, sedation, reward, and smoking urge) for the BI-ARF
were recorded during a separate alcohol challenge session (.8 g/kg). Outcomes were past-month drinking
and smoking behavior assessed at 1- and 6-months post-intervention.
Results: At 6-month follow-up, the BI-ARF produced signiﬁcant reductions in binge drinking, alcoholsmoking co-use, drinking quantity and frequency, and smoking frequency, but not maximum drinks
per occasion, relative to baseline. Overall, the BI-ARF produced larger reductions in drinking/smoking
behaviors at follow-up than did the BI-S or AC.
Conclusions: Including personalized feedback on alcohol response phenotype may improve BI outcomes
for young adult HDS. Additional research is warranted to enhance and reﬁne this approach in a broader
sample.
© 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction
In the United States, rates of binge drinking (i.e., consuming
≥5 drinks in an occasion for men or ≥4 for women) are highest
among young adults age 18–29 years, placing this subgroup at
increased risk for negative alcohol-related consequences including sexual misconduct, accidents, injury, and premature death
(Abbey et al., 2001; Schoenborn et al., 2013). As young adults
may not be interested in or appropriate for more intensive alcohol treatments, brief interventions (BIs) have been developed as
time-limited (2–4 sessions) and cost-effective early interventions
designed to mitigate future hazardous drinking and related consequences. Standard alcohol BIs, such as the Brief Alcohol Screening
and Intervention for College Students protocol (BASICS; Dimeff
et al., 1999), feature several main elements including comparison
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of one’s drinking to age-matched norms, feedback on alcohol harm
and consequences, and education on practical techniques for drinking reduction. BASICS and other related alcohol BIs are modestly
effective at reducing overall alcohol consumption compared to no
treatment, alcohol education, or brief advice (ds = .18–.43; Vasilaki
et al., 2006) with similar effects for binge drinking (d = .25; Carey
et al., 2006).
Given these relatively modest effect sizes, efforts are underway
to improve and expand upon the scope of alcohol BI to reduce
binge drinking and other risky health behaviors in young adults.
These initiatives include providing additional educational materials, enhancing alternative non-drinking behaviors, and promoting
other health behaviors, such as sleep quality and duration (Fucito
et al., 2014; Murphy et al., 2012). Of note, smoking is not included in
traditional alcohol BI despite data showing that approximately 50%
of young adult heavy-drinkers also smoke (Weitzman and Chen,
2005), most often during drinking episodes (McKee et al., 2004).
In laboratory-based studies, we have shown that heightened alcohol stimulation and reward in young binge drinkers prospectively
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predicted future alcohol-related problems in early middle adulthood (King et al., 2011, 2014). We and other investigators have
also shown that alcohol acutely increases smoking urge (King and
Epstein, 2005; Sayette et al., 2005), which may perpetuate comorbid use of these substances and increase health risks such as cancer,
pulmonary, and cardiovascular disease (Negri et al., 1993; Pelucchi
et al., 2006; Prabhu et al., 2014). However, feedback on smoking
urge or alcohol response phenotype is not included in BASICS or
other standard alcohol BIs. The potential importance of including
alcohol response into BI has been recently highlighted by Schuckit
and colleagues in their work showing that college students assessed
for low sensitivity to alcohol’s intoxicating and impairing effects,
compared with those students with high sensitivity to these alcohol
effects, demonstrated lower maximum drinks per occasion after
viewing a video-based educational prevention module geared to
this response type (Schuckit et al., 2015). Given the prospective
role of alcohol responses to future drinking problems, measuring
and providing feedback on one’s response phenotype may improve
outcomes of alcohol BI in young adults with hazardous drinking and
smoking.
In sum, there is a need to enhance and improve outcomes with
standard alcohol BI by incorporating novel intervention elements,
and to reach drinkers who engage in other high-risk behaviors,
such as smoking. In the present pilot study, we randomized non
treatment-seeking young adult heavy (binge) drinkers who smoke
(HDS) to one of three BI conditions: a standard alcohol BI, a standard
alcohol BI with personalized feedback on alcohol response, and an
attention control group. We hypothesized that adding personalized
feedback on alcohol responses would produce greater reductions in
drinking quantity, frequency, binge drinking, and alcohol-smoking
co-use at 1- and 6-months after the intervention compared with
the other two conditions.

alcohol use and alcohol-related problems relative to age-matched
norms, education on low-risk drinking and potential harms of continued binge drinking, and motivational enhancement to change
drinking behavior and goal setting (Dimeff et al., 1999). In the
BI-ARF group, measures and intervention sessions were identical
to the BI-S group, but with the addition of an alcohol response
session (see below) prior (M ± SD = 4.1 ± 3.5 days) to the ﬁrst BI
session. Data acquired from that session were incorporated via
graphical feedback and discussion of the associations between alcohol responses and future risk for alcohol problems (King et al.,
2011, 2014). Speciﬁcally, participants received feedback with individual graphs of their responses to alcohol (stimulation, sedation,
liking, and wanting) along the breath alcohol curve (BrAC) and
whether this response pattern reﬂected how they typically respond
to alcohol. This was then integrated in a discussion that not all
drinkers are on the “same playing ﬁeld” with prior research indicating that those who show more sensitivity to alcohol’s positive
and rewarding effects and less sensitivity to sedative effects as
young adults were more likely to experience future alcohol-related
consequences (King et al., 2011; Schuckit and Smith, 1996). The discussion also included information on how alcohol, particularly at
intoxicating levels, serves as a potent cue to increase smoking urge
(Sayette et al., 2005) and behavior (King and Epstein, 2005). The AC
group also underwent a pre-intervention alcohol response session
but without feedback or discussion of the results. Instead, sessions
focused on general health behaviors (e.g., nutrition, safety, exercise;
ACHA, 2012) along with training on progressive muscle relaxation
for stress reduction. The latter has been shown to have little effect
on drinking outcomes (Miller and Wilbourne, 2002) and was used
to increase the face validity of the AC intervention. The University of
Chicago Institutional Review Board approved all study procedures.
2.3. Alcohol response session

2. Material and methods
2.1. Participants
Young adult heavy drinkers who smoke (HDS) were recruited
from online advertisements. Screening included online questionnaires assessing demographics and general health history, as well
as the Alcohol Use Disorders Identiﬁcation Test (Babor et al., 2001),
Fagerström Test for Nicotine Dependence (Heatherton et al., 1991),
and the Online Timeline Follow-back (O-TLFB; Rueger et al., 2012)
for past month alcohol and cigarette use. Inclusion criteria were
age between 21 and 29 years, having no major medical or psychiatric disorders, not seeking treatment for alcohol or tobacco use,
and engaging in 1–5 binge alcohol drinking episodes weekly with
10–40 drinks consumed per week, consistent with prior investigations (King et al., 2011). We recruited light- or nondaily-smoking
young adults (10–70 cigarettes/week) as these individuals smoke
most often during drinking episodes (McKee et al., 2004).

The standard alcohol response protocol (King et al., 2011) was
conducted several days prior to the ﬁrst intervention session for the
BI-ARF and AC groups. Brieﬂy, participants consumed an alcoholic
beverage (190-proof alcohol with water, ﬂavored drink mix, and
sucralose; target dose .8 g/kg) in two drink portions over 15 min
with a 5-min break in between and completed questionnaires of
alcohol response (Biphasic Alcohol Effects Scale, BAES; Martin et al.,
1993; Drug Effects Questionnaire, DEQ; Morean et al., 2013), and
smoking urge (Cox et al., 2001) at pre-drink baseline and at various
intervals (15–120 min) after drinking.
2.4. Follow-up
At 1- and 6-months after the second intervention session, participants completed an O-TLFB for past month alcohol and smoking
patterns and general health behaviors (e.g., nutrition, sleep).
2.5. Statistical analyses

2.2. Procedure
Eligible participants (n = 33) were randomly assigned to one
of three conditions: standard alcohol BI (BI-S; n = 11), standard
alcohol BI with personalized alcohol response feedback (BI-ARF;
n = 10), or an attention control group BI (AC; n = 11). Each group
received two 20–30 min BI sessions separated by at least 24 h
(M ± SD = 5.6 ± 4.3 days). In the BI-S group, participants completed
measures assessing current desire to change smoking and drinking behavior (anchored 0 = “no desire” and 10 = “strongest desire”)
and alcohol-related consequences (Brief Young Adult Alcohol Consequences Questionnaire; Kahler et al., 2005), and then attended BI
sessions in which they received feedback on quantity/frequency of

The groups were compared on background characteristics using
ANOVA and chi-square tests. Study outcomes included binge drinking and alcohol/smoking co-use frequency, overall drinking and
smoking frequency, drinks/drinking day, and maximum number of
drinks on one occasion. Outcomes were analyzed using generalized
estimating equations (GEE) models (Sutker et al., 1983) with binomial distribution to examine the main effects of group and time
(baseline, 1-month, and 6-month follow-ups), and their interaction. Post-estimation comparisons were used to clarify signiﬁcant
interaction terms. A Bonferroni correction was used to account for
multiple tests of signiﬁcance for the six outcomes with signiﬁcance
at p ≤ .008 (.05/6).
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Table 1
Demographic and baseline alcohol and smoking characteristics, by intervention group.

Age (yr)
Education (yr)
Sex, n (%)
Male
Race, n (%)
White
Beck depression inventory
AUDIT
FTND
BYAACQ
Desire to change – drinkinga
Desire to change – smokinga
Baseline drinking/smoking (past month)b
Binge drinking frequency (days)
Drinking and smoking co-use days
Drinking frequency (days)
Drinks/drinking day
Smoking days
Cigarettes/smoking day

BI-ARF

BI-S

AC

Sig.

22.9 (2.1)
15.4 (1.0)

23.55 (1.8)
14.5 (1.8)

24.73 (2.2)
15.1 (2.2)

.13
.52

7 (70)

5 (45)

6 (55)

.52

8 (80)
5.3 (3.9)
14.3 (3.7)
.6 (1.4)
10.6 (3.8)
3.6 (2.9)
4.8 (3.2)

5 (45)
9.1 (6.5)
14.4 (4.9)
2.0 (1.8)
9.9 (4.0)
3.7 (2.6)
5.7 (2.9)

4 (36)
10.6 (7.1)
15.0 (4.0)
1.8 (2.0)
–
4.4 (2.6)
5.5 (2.3)

.11
.14
.91
.16
.69
.78
.76

10.3 (4.9)
14.5 (5.3)
15.8 (6.0)
5.3 (1.4)
24.0 (4.4)
4.3 (2.49)

8.4 (4.7)
13.9 (6.0)
14.0 (6.2)
4.9 (1.2)
23.7 (6.3)
7.2 (5.0)

7.6 (3.3)
14.7 (6.1)
16.6 (7.1)
4.7 (.8)
23.0 (8.1)
5.1 (2.5)

.34
.94
.64
.51
.94
.18

Note. Values are mean (SD) unless otherwise noted.
a
Rated 0–10, with 0 = “no desire” and 10 = “strongest desire”.
b
Data from the online timeline follow-back assessing past month reported drinking and smoking behavior at study enrollment. BI-ARF = brief intervention with alcohol
response feedback, BI-S = standard brief intervention, AC = attention control, AUDIT = alcohol use disorders identiﬁcation test, FTND = Fagerström test for nicotine dependence,
BYAACQ = brief young adult alcohol consequences questionnaire.

3. Results

4. Discussion

The groups did not differ on demographic and baseline characteristics (Table 1). Results from the alcohol laboratory session
showed a mean peak breath alcohol concentration (BrAC) of
.086 ± .013 SD g/210 L. For the BI-ARF group, during the ascending limb of the BrAC (baseline to peak), the majority of participants
(90%) showed an increase in BAES stimulation, which was higher
than sedation, and showed alcohol rewarding effects (80%) indicative of liking and wanting above neutral, positive effects. These
effects are consistent with heavy drinkers’ alcohol response phenotype from our previous prospective study (King et al., 2011)
that was replicated in an independent sample (Roche et al., 2014)
and shown to predict future drinking-related problems and AUD
symptoms over time (King et al., 2011, 2014). For the one female
participant receiving BI-ARF who did not show this risky alcohol
response proﬁle, the feedback consisted of potential exteroceptive (e.g., environment, friends’ drinking, expectancies) rather than
interoceptive factors that may factor into heavy drinking. Overall
follow-up rates were excellent, with 97% and 94% of participants
completing their 1- and 6-month follow-ups, respectively.
For post-intervention outcomes, the BI-ARF intervention produced larger reductions in binge drinking and alcohol-smoking
co-use compared with the other two interventions (Group × Time
ps < .001; Fig. 1A and B). Speciﬁcally, the BI-ARF reduced binge
drinking from 10.3 to 3.7 occasions per month at six-month followup (64% reduction), compared to reductions of 16% and 25% for
the BI-S and AC groups, respectively. Similarly, co-use decreased
39% at six-month follow-up in the BI-ARF group versus 11% and
27% in the AC and BI-S groups, respectively. The BI-ARF also produced signiﬁcantly larger reductions in drinking frequency (32%)
(Group × Time p < .001) and drinks per drinking day (32% and 26%
reductions, respectively; Group × Time p < .001) versus the BI-S (2%
increase and 3% decrease), and fewer smoking days (39% reduction) relative to the AC (3%) (Group × Time p = .004) (Fig. 1C–E). The
Group × Time interaction for maximum drinks was not signiﬁcant
(p = .91; Fig. 1F). Effect sizes for the outcomes for which the BIARF group produced signiﬁcant reductions (Fig. 1A–E) were in the
medium to large range (Cohen fs = .35–.78), whereas the effect size
for the nonsigniﬁcant maximum drinks/day outcome (Fig. 1F) was
in the small-medium range (Cohen f = .26).

The results of this pilot study were promising for enhancing
outcomes with standard alcohol BI in young adult HDS by incorporating targeted, personalized feedback about alcohol response
phenotype and its implications into the intervention. Six months
after this intervention (BI-ARF), binge drinking rates decreased by
64%, drinking-smoking co-use by 39%, drinking smoking frequency
by 32%, and smoking frequency by 39%, compared to lesser reductions produced by either the standard BI (BI-S) or the attention
control (AC).
This is the ﬁrst study to tailor alcohol BI in heavy-drinking
young adults using personalized alcohol response feedback derived
from a validated alcohol response laboratory paradigm. The present
ﬁndings are consistent with those of a recent study showing that
matching participants to a video-based BI based upon their level
of response to alcohol’s intoxicating effects can improve outcomes
(Schuckit et al., 2015). Indeed, greater response to alcohol’s stimulating and rewarding effects coupled with lower response to its
sedating effects has been shown to predict increased binge drinking
frequency and alcohol-related problems at 2- and 6-year followups (King et al., 2011, 2014) and has been shown to remain elevated
5–6 years later in re-examination testing (King et al., in press).
Therefore, for young adult binge drinkers, assessing and highlighting the potential prognostic signiﬁcance of this response phenotype
may increase motivation for behavior change and enhance the
salience of standard alcohol BI materials.
The strengths of this study include the use of the laboratory alcohol response paradigm to assess the full range of alcohol responses
in vivo that minimized environmental confounds and recall bias
inherent in retrospective questionnaires (Quinn and Fromme,
2011), two active treatment comparison groups, and assessment
of both drinking and smoking outcomes. A limitation is the small
sample size precluding analyses of individual difference factors
in response to the interventions. The present pilot study was not
sufﬁciently powered to permit full exploration of potential moderators and mediators of the observed treatment effects, but this
is an important topic for future research. Another limitation is the
use of a time- and resource-intensive laboratory alcohol response
session, which may limit generalizability of the current approach
to real-world clinical settings. However, the medium-large effect
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Fig. 1. Drinking and smoking outcomes at baseline, 1-month, and 6-month follow-up for each group. Data shown are Mean ± SEM. BI-ARF = brief intervention with alcohol
response feedback, BI-S = standard brief intervention, AC = attention control, B = Baseline, 1 M = 1-month follow-up, 6 M = 6-month follow-up. * p < .008 for signiﬁcant withingroup comparisons relative to baseline. Signiﬁcant post-estimation between-group comparisons were as follows: at 1-month follow-up, (1B) Drinking/smoking co-use
days – BI-ARF < AC (p < .001); (1D) Smoking days – BI-ARF < AC (p < .001), BI-S < AC (p < .001); at 6-month follow-up, (1A) Binge drinking days – BI-ARF < BI-S (p < .001); (1B)
Drinking/smoking co-use days – BI-ARF < AC (p < .001), BI-S < AC (p = .003); (1C) Drinking days – BI-ARF < BI-S (p = .007), BI-ARF < AC (p = .003); (1D) Smoking days – BI-ARF < AC
(p < .001), BI-S < AC (p < .001).

sizes for most outcomes for the BI-ARF group increase conﬁdence
that including personalized alcohol response feedback in standard
alcohol BI may produce meaningful behavior change across a
variety of alcohol and smoking measures. Last, while this study
provided an initial proof-of-concept demonstration for including
alcohol response phenotype as a novel addition to standard alcohol BI approaches (Schuckit et al., 2015), ecologically-valid data
collection with modern technology to acquire alcohol responses in
participants’ natural environments (Kuntsche and Labhart, 2014;
Piasecki et al., 2012) may be more time- and cost-effective than

assessing these responses in the laboratory in larger-scale future
studies.
In sum, the present study results support the utility of
incorporating individualized feedback on alcohol response phenotype to improve outcomes of standard alcohol BI in young
adults with hazardous drinking and smoking. Future research in
larger, diverse samples and using novel methods for collecting
individual alcohol response data is warranted to further reﬁne
this intervention approach and improve BI outcomes in at-risk
drinkers.
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