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Alcohol Challenge Responses Predict Future Alcohol
Use Disorder Symptoms: A 6-Year Prospective Study
Andrea C. King, Patrick J. McNamara, Deborah S. Hasin, and Dingcai Cao
Background: Propensity for alcohol misuse may be linked to an individuals’ response to alcohol. This study examined the role of alcohol
response phenotypes to future drinking problems.
Methods: One hundred four young heavy social drinkers participated in a within-subject, double-blind, placebo-controlled laboratory
alcohol challenge study with 6-year follow-up. Participants were examined for subjective responses before and after receiving an
intoxicating dose of alcohol (.8 g/kg) or a placebo beverage, given in random order. Follow-up was conducted in 5 waves over 6 years
after the sessions to assess drinking behaviors and alcohol use disorder (AUD) symptoms. Retention was high with 98% (509 of 520) of
possible follow-ups completed.
Results: Greater sensitivity to alcohol, in terms of stimulation and rewarding effects (like, want more) and lower sensitivity to alcohol
sedation predicted greater number of AUD symptoms through 6 years of follow-up. Cluster analyses revealed that for half the sample,
increasing levels of stimulation and liking were predictors of more AUD symptoms with the other half divided between those showing
like and want more and want more alone as signiﬁcant predictors.
Conclusions: The ﬁndings extend previous ﬁndings and offer new empirical insights into the propensity for excessive drinking and
alcohol problems. Heightened alcohol stimulation and reward sensitivity robustly predicted more alcohol use disorder symptoms over
time associated with greater binge-drinking frequency. These drinking problems were maintained and progressed as these participants
were entering their third decade of life, a developmental interval when continued alcohol misuse becomes more deviant.
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eavy alcohol consumption elevates the risk for many
adverse consequences, including disease, injury, and
premature death (1–3). Although most individuals who
drink can do so without incurring problems, others experience
signiﬁcant difﬁculties. Understanding the etiology of harmful
drinking and its relation to inherent brain reward pathways and
processes (4) is important for early identiﬁcation, prevention, and
treatment. One potentially important aspect of these processes
consists of individual responses to alcohol. Research has
attempted to elucidate these responses and how they may play
a critical role in the development and exacerbation of loss of
control over alcohol consumption, problems, and consequences
(5–11). Several theoretical models have been proposed to explain
how an individual’s response to alcohol may inﬂuence propensity
to hazardous drinking. These all involve aspects of potentially
rewarding and/or aversive responses to alcohol.
The low-level response model (12), the earliest of these
models, posits that less sensitivity to alcohol increases risk for
alcohol use disorders (AUDs). The model was developed primarily
from a large longitudinal study of Schuckit and colleagues
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examining response to alcohol challenge. In that study, less
intense alcohol responses, including subjective fatigue, stress
hormone levels, and body sway increased the likelihood of
subsequent alcohol abuse (AA) or alcohol dependence (AD) (9).
These lower responses to alcohol were likened to a lack of
inherent “brakes” that limit ethanol intake. However, this study
lacked measurement of hedonic responses to alcohol.
Subsequent human data failed to support low-level responses
in at-risk persons (13,14), and animal studies supported psychomotor stimulant mechanisms of drug reinforcement (15). Thus, a
competing theory, the differentiator model (7), was introduced by
Newlin and colleagues specifying that greater pleasurable and
excitatory effects of alcohol during the ascending limb of the
breath alcohol concentration (BrAC) curve, combined with lower
sedative responses during the declining limb, increase risk for
future AUD. The differentiator model differs from the low-level
response model in that it likens alcohol response in persons at
risk to having “an accelerator pedal without working brakes.” We
have shown that although differential limb-speciﬁc effects are
evident, responses simply measured at peak BrAC were predictive
of future drinking at 2 years in at-risk heavy drinkers (16) leading
to our proposed modiﬁed differentiator model. Finally, the
incentive sensitization model (17,18) speciﬁes the independence
of neural system changes underlying development of addiction.
The model posits that repeated heavy exposure to drugs (and
alcohol) over time increases the salience of drug cues and
sensitizes the neural systems of alcohol reward underlying
motivation (wanting) but not hedonic (liking) effects.
Support for these models has come from animal studies (19),
retrospective recall of alcohol responses in humans, or crosssectional alcohol challenge designs (6). Although important,
animal models have limitations in translation to the complexity
of human behaviors. In humans, measuring alcohol responses by
retrospective memory of early effects may incur recall bias and
attenuate the likelihood of producing sufﬁciently precise information (20,21). Cross-sectional alcohol challenge designs
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overcome this problem but may not elucidate the full scope of
subjective alcohol responses (8,11) or how alcohol responses
relate to future behavior. Therefore, combining alcohol challenge
measures with longitudinal follow-up is crucial to uncovering the
relationship of both positively and negatively valenced alcohol
responses to future drinking behaviors and AUD symptoms
over time.
We therefore established the Chicago Social Drinking Project
to conduct alcohol challenge and longitudinal research. We
previously showed (16) that heavy social drinkers exhibited
higher alcohol stimulation and reward (liking, wanting) and lower
sedation compared with light drinker controls, and that these
alcohol responses predicted future binge-drinking behaviors
through intensive 2-year follow up (16). This 2-year period
provided the ﬁrst prospective information on drinking relative
to baseline stimulation and sedation and formed the basis for the
modiﬁed differentiator model. However, because most participants were then in their 20s, we were not able to examine the
important transitional period between this decade of life and
ages 30 and older, when the prevalence of binge drinking,
drinking problems, and AUD declines sharply for many, but not
all, individuals (22,23). This transitional period is a crucial developmental life-stage interval to fully test the modiﬁed differentiator model because those who do not reduce binge
drinking by this phase may be at risk for chronic drinking
problems and AUD symptoms, from which much physical
morbidity and psychosocial impairment occurs.
Accordingly, an extensive, repeated-measure longitudinal
follow-up of this sample was extended through 6 years after
the original baseline placebo-controlled alcohol challenge. In this
unique long-term follow-up, the main questions examined were
as follows: 1) Do alcohol responses (stimulating, rewarding, and
sedative) measured in the well-controlled laboratory predict the
likelihood of meeting symptoms of AUD and frequency of binge
drinking over a 6-year interval after the challenge? 2) Are there
individual differences or subgroups evident in the predictive
relationship of alcohol response to future drinking?

Methods and Materials
The study was approved by the University of Chicago Institutional Review Board. The design was a double-blinded, placebocontrolled, within-subjects study of responses to alcohol challenge,
with longitudinal follow-up of alcohol drinking behaviors and
problems in 190 non-alcohol-dependent social drinkers. The
laboratory phase (March 2004 to July 2006) included three
sessions. After laboratory testing, each participant entered the
longitudinal follow-up phase, with no participants lost to followup. Follow-ups were conducted from March 2005 to October 2012,
at the end of years 1, 2, 4, 5, and 6 after laboratory challenge. In
this report, we focus on the 104 nonalcoholic, heavy social drinkers
in the sample who met inclusion criteria (consume ﬁve or more
drinks for men [four for women] on an occasion one to ﬁve times
per week as their predominant adult pattern [i.e., at least the past
2 years], with at least 10 but no more than 40 standard drinks
weekly). The binge criteria were consistent with Substance Abuse
& Mental Health Services Administration and National Institute on
Alcohol Abuse and Alcoholism guidelines (24,25); the weekly
consumption criteria assured overall regular alcohol exposure (26).
The 86 light drinkers in the original sample (i.e., those who
consumed ⬍6 drinks weekly with no/rare bingeing) are not
described in this report because they continued with largely
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low-risk drinking through follow-up, averaging 1.7 ⫾ .07 SEM
drinking days per week, 1.8 ⫾ .07 drinks per drinking day, and
3.1 ⫾ .6 binge occasions per year. They showed primarily sedative
alcohol responses (16), and no alcohol response factor predicted
their future drinking behaviors or problems because there was
little signal or variability in target behavior to detect.
Eligibility and Screening
Participants were recruited from advertisement and screened
for these eligibility criteria: aged 21 to 35 years, weight 110 to 210
pounds, meeting heavy drinking criteria, and good general health
with no current or past major medical or Axis I psychiatric
disorders, including alcohol and drug dependence (excluding
nicotine). Screening measures included Alcohol Quantity—Frequency (27), Timeline Follow-Back (28), the Alcohol Use Disorders
Identiﬁcation Test (AUDIT) (29), and a modiﬁed Structured Diagnostic Interview for DSM-IV (SCID) (30) with the screening modules
for major psychiatric disorders and the full lifetime modules for AA
and AD. Standard cutoff thresholds were used to rule out persons
with psychiatric comorbidities, and candidates could not be taking
centrally acting medications. Screening also included a brief
physical examination, urine toxicology, and a blood sample for
complete blood count and liver function panels. Candidates with a
positive breathalyzer or urine toxicology screen (cocaine, opiates,
benzodiazepines, amphetamines, barbiturates, and phencyclidine),
a positive pregnancy test (women), or an abnormal blood
chemistry or hepatic panel result ($2 SD above mean) were
excluded. Biological family history of AUD, a risk factor in
development of AUD, was not an inclusion criterion but ascertained after enrollment through a family history tree and Research
Diagnostic Criteria for alcohol consequences (31) to conﬁrm
likelihood of AUD in identiﬁed relatives. Positive family history
(FH) was deﬁned as having at least one primary relative or two or
more secondary relatives with AUD, and negative FH was deﬁned
as having no AUD in the previous two generations. Twenty-three
participants (22%) either did not meet these criteria or were
unsure about family members, so they were not classiﬁed.
Laboratory Sessions
In the individual laboratory sessions separated by at least 48
hours, participants ingested a beverage given in random order
that contained a high alcohol dose (.8 g/kg alcohol) or a placebo
(.0 g/kg; 1% volume of ethanol as taste mask). Another session was
conducted with .4 g/kg alcohol, but this dose was subthreshold to
produce subjective changes (16) and not included in this study.
Doses for women were 85% of those of men to adjust for sex
differences in total body water (32). To reduce alcohol expectancy,
the Alternative Substance Paradigm (33) was used, with instructions that the beverage might include alcohol, a stimulant, a
sedative, a placebo, or a combination of these substances. All
beverages contained water, ﬂavored drink mix, a sucralose-based
sugar substitute, and the applicable dose of 190-proof ethanol.
The beverage was divided into two equal portions in clear-lidded
cups. Each portion was consumed within 5 minutes with a
5-minute rest interval between portions. The sessions commenced
between 3:00 and 5:00 PM and proceeded for 4.5 to 5 hours in
comfortable, living room–like laboratory testing rooms. Each
session began with self-report assessments of abstinence compliance of 48 hours for alcohol and drugs, and 3 hours for food,
caffeine, and smoking. A urine sample was collected for a random
drug toxicology screen before at least one session. For women, a
urine sample was collected before every session to test for HcG to
verify nonpregnancy. After these compliance measures, the
www.sobp.org/journal
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participant then consumed a snack at 20% of daily kilocalorie
needs consisting of 55% carbohydrate, 10% protein, and 35% fat.
Prebeverage subjective and objective measures were conducted
after the snack, followed by the beverage consumption interval
accompanied by light conversation with the research assistant.
Postbeverage measures were repeated at 30, 60, 120, and 180
minutes after beverage initiation. Between time points, the
participant could view movies or read magazines from a standardized list provided by the study. At the end of each session
when BrAC was #.04 mg/dL (.04%), a car service transported
participants home. At the end of the third session, the participant
was debriefed and given instructions for follow-up.
Objective Measures
Breathalyzer readings were obtained via the Alco-Sensor IV
(Intoximeter, St. Louis, Missouri), which displays .000 mg/dL at
each reading with actual values downloaded to a computer.
Average BrAC peaked at 60 minutes following the initiation of
drinking was .091 (.02 SD) mg/dL [see King et al. (16) for detailed
BrAC curve data].
Subjective Measures
The main dependent measures for alcohol response in this
report were the brief stimulation (B-STIM) and sedation (B-SED)
subscales from the Brief Biphasic Alcohol Effects Scale (B-BAES)
(34,35) and items from the Drug Effects Questionnaire (36) for like
(“I LIKE the effects I am feeling right now”), with the midpoint
indicating neutral, and want more (“I would like MORE of what I
consumed right now”). On the basis of our previous work (16), net
change scores were computed for stimulation and sedation as the
rating at peak BrAC (60 minutes) from baseline, minus the same
change score in the placebo session; for liking and wanting, net
change scores were the 60-minute rating for alcohol minus placebo
because there was no baseline. Secondary measures included similar
net change scores at rising (30 minutes) and declining (120) BrAC
limb as a direct test of the differentiator model. Participants were
asked to respond on the basis of their current feeling state; the
beverage content was not divulged.
Follow-up
Each follow-up took approximately 30 to 40 minutes to
complete, including 20 to 25 minutes for self-report measures
and 10 to 15 minutes for an interview. Self-report measures were
completed by a Web-based program or by a mailed packet and
included items for demographic updates and estimates of
drinking quantity, frequency, and maximum quantity, the AUDIT,
and the Drinker Inventory of Consequences—Recent (37). The
interview was completed by telephone or online calling with a
trained staff member and included a Timeline Follow-Back for the
previous four Monday-to-Sunday weeks and SCID modules for
past year incidence of the 11 items comprising DSM-IV AUDs
(abuse and dependence) for years 1, 2, 5, and 6 (there was no
follow-up at year 3, and SCID at year 4 to minimize participant
burden). Compensation for each follow-up was a $40 gift card
with a $20 bonus for timely completion.
Statistical Analyses
Baseline and 6-year follow-up background and drinking characteristics were compared by dependent sample Student t tests.
Generalized equation estimation (GEE) models, which are similar to
generalized linear mixed models for analyzing longitudinal data
but are more robust in specifying variance-covariance structures
using a sandwich algorithm, were used to examine alcohol
www.sobp.org/journal

responses and future drinking outcomes. The primary alcohol
response variables were B-BAES derived B-STIM and B-SED to test
directly low-level response and differentiator models. Secondary
measures were DEQ derived “like” and “want more” to test the
incentive sensitization theory. The primary outcome was the mean
number of AUD symptoms met during follow-up, analyzed using
GEE with a log link function for count data. The GEE models
included standardized alcohol response (stimulation, sedation,
wanting, liking), follow-up time, and their interaction. Whereas
age, sex, race, education, and disinhibited personality (38) were
not associated with AUD symptom count, FH was signiﬁcantly
associated (positive vs. negative: β [SE] ¼ .327 [.125], p ¼ .009);
therefore, GEE analyses controlled for FH by including two dummy
variables (FH positive vs. negative, FH unsure vs. negative). The
analyses also controlled for BrAC given the variability in levels from
oral alcohol administration. The false discovery rate method was
used to correct p values for multiple comparisons (39).
As a complementary analysis for GEE to illustrate the AUD
variation over follow-up, subgroups were formed on the basis of
trajectory analysis of AUD symptom count derived from zeroinﬂated Poisson mixture model (40), with a cubic trajectory for
each group and the number of groups determined by model
Bayesian information criterion (BIC). Finally, to discern individual
differences in the prospective relationship between acute alcohol
responses and future drinking problems, exploratory k-means
cluster analyses, which partitioned observations into k clusters
with each observation belonging to a cluster with the nearest
mean, were conducted (41) to create subgroups that exhibited
different relationships between alcohol responses (stimulation,
sedation, liking, wanting) and AUD symptoms. The optimal
number of clusters was determined by the Variance Ratio
Criterion (42). Statistical packages used were Stata 12.0 (StataCorp, College Station, Texas) for GEE and trajectory analyses and
SPSS 17.0 (SPSS, Chicago, Illinois) for cluster analyses.

Results
Including missing follow-ups of two participants who withdrew (2 men in Year 4) and one who died (a woman in Year 3),
98% (509 of 520) of follow-ups were successfully conducted at 1,
2, 4, 5, and 6 years. Table 1 presents demographic and drinking
characteristics at baseline when the average age was 25.3 years
(range 21–34) years and at year 6 when the average age was 31.4
years (range 27–40). From baseline to Year 6, alcohol drinking
decreased for any drinking frequency (from 51% to 44% of days),
binge-drinking frequency (from 28% to 23% of days), and maximum
number of drinks consumed on one occasion (from 9.7 to 8.4). The
AUDIT scores decreased but remained above cutoff threshold levels
for heavy drinking (43), and drinks per drinking day and alcohol
consequences did not decrease over time (Table 1).
Table 2 depicts the GEE results for the main effects of each
alcohol response variable and their interaction with follow-up
time. Results showed that heightened sensitivity to alcohol
stimulation, liking, and wanting and lower sensitivity to sedation
were signiﬁcant predictors of AUD symptoms. Consistent with the
modiﬁed differentiator model, at peak BrAC (60-minute net
change score), higher alcohol stimulation and lower sedation
predicted increases in AUD symptoms over time, but they were
not signiﬁcant predictors on either the rising and declining BrAC
limbs after correction for multiple comparisons. In terms of
incentive sensitization theory, both alcohol liking and wanting
predicted more AUD symptoms but did not predict additional
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Table 1. Heavy Drinker Background Characteristics at Baseline and at 6-year Follow-up
Baseline
General Characteristics
Age (years)
Education (years)
Sex (male)
Race (Caucasian)a
FH Positiveb
Alcohol-Related Measuresc
AUDIT total score
DrInC-2R total score
AUD symptom countd
Average Past Month Drinking Behaviore
Drinking frequency (days/month)
Drinks per drinking day
Max no. drinks per occasion
Binge drinking frequency (days/month)f
Liver Function Tests
AST (units/L)g
ALT (units/L)g

Six-year Follow-up

Signiﬁcance Testing (Time)

31.16 (.31)
16.26 (.20)
—
—
—

t ¼ 89.20, p ⬍ .001
t ¼ 4.29, p ⬍ .001
—
—
—

11.60 (.36)
14.24 (.86)
1.67 (.18)

10.53 (.56)
14.29 (1.16)
1.26 (.17)

t ¼ 2.02, p ¼ .046
t ¼ .04, p ¼ .966
t ¼ 2.12, p ¼ .036

14.32
5.16
9.69
7.90

12.33
4.77
8.43
6.43

t
t
t
t

25.28
15.70
61
87
43

(.30)
(.14)
(58.7%)
(83.7%)
(52%)

(.51)
(.18)
(.40)
(.33)

23.0 (1.2)
22.1 (2.1)

(.72)
(.28)
(.45)
(.54)

22.2 (1.2)
21.6 (2.0)

¼
¼
¼
¼

2.63,
1.45,
2.60,
2.56,

p
p
p
p

¼
¼
¼
¼

.010
.150
.011
.012

t ¼ 1.05, p ¼ .298
t ¼ .49, p ¼ .625

Data are mean (SEM) or n (%).
ALT, alanine aminotransferase; AST, aspirate aminotransferase; FH, family history.
Race was self-reported by the participant from a list consistent with National Institutes of Health
classiﬁcations.
b
FH data are based on the 81 participants with whom FH positive or negative could be determined.
c
Alcohol-related measures are total scores for the Alcohol Use Disorder Identiﬁcation Test (AUDIT) and the
Drinker Inventory of Consequences-Recent (DrInC-2R) at baseline and at 6-year follow-up.
d
Alcohol use disorder symptom count was based on lifetime at baseline and past year AUD symptom count
at 6-year follow-up.
e
Drinking variables were taken from Timeline Follow-Back Interview for the month preceding study
enrollment at baseline and the month preceding 6-year follow-up.
f
Binge was deﬁned as $5 drinks per occasion for men and $4 drinks for women.
g
AST and ALT were taken from blood samples in 85 participants at baseline and repeated in the laboratory
at 5 years.
a

increases in symptoms through the 6 years (no signiﬁcant
interactions with follow-up time).
Trajectory analysis of AUD symptom counts over follow-up
showed the model BIC for two, three, or four trajectory groups of –
674, –667, and –672, respectively. That is, 2ΔBIC increased by 15

comparing the two- and three-trajectory models but decreased by
10 when comparing three- and four-trajectory models. Using
2ΔBIC $10 as strong evidence for rejecting the null model (40),
the three-group model best described the data. This yielded low
(n ¼ 34), intermediate (n ¼ 60), and high (n ¼ 10) AUD symptom

Table 2. Alcohol Response Variable Predictors of DSM-IV AUD Symptoms Through Follow-up
Six-year Follow-up Outcome: AUD Symptom Count
Peak BrAC (T2)
Alcohol Responses
Stimulation (B-STIM)
Stimulation  Follow-up Time
Sedation (B-SED)
Sedation  Follow-up Time
Like
Like  Follow-up Time
Want More
Want More  Follow-up Time

Rising Limb (T1)

Declining Limb (T3)

β

SE

p

β

SE

p

β

SE

p

.044
.029
.111
.042
.156
.023
.158
.011

.066
.013
.062
.013
.061
.013
.063
.013

.506
.025a
.074
.001a
.011a
.072
.012a
.417

.054
.022
–.018
-.028
.183
.021
.192
.023

.063
.013
.064
.013
.065
.014
.064
.014

.396
.082
.773
.033
.005a
.117
.003a
.089

.059
.012
–.023
–.029
.111
.019
.243
.006

.063
.013
.062
.013
.060
.012
.063
.013

.351
.343
.707
.026
.064
.113
⬍.001a
.631

Results from generalized equation estimation analyses (coefﬁcient [β], SE, and p value) for B-BAES and DEQ derived alcohol response measures and
their interaction with follow-up time. Follow-up time refers to Structured Clinical Interview for DSM interview intervals 1, 2, 5, and 6 years after alcohol
challenge. Alcohol responses were net change score from alcohol session minus placebo at peak breath alcohol content (Time 2 [T2], 60 minutes), rising
limb (Time 1 [T1], 30 minutes), and declining limb (Time [T3], 120 minutes), relative to baseline (T0). Note follow-up time was included in each model and
signiﬁcant (ps ⬍ .003), indicating a decrease in AUD symptoms for the whole sample over follow-up but not shown for ease of presentation. All analyses
controlled for family history of alcohol use disorder and BrAC level at that interval.
AUD, alcohol use disorder; BrAC, breath alcohol content.
a
Signiﬁcant p values after false discovery rate correction for multiple comparisons.
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Table 3. General and Drinking Characteristics in AUD Symptom Count Groups from Trajectory Analysis
Low AUD Symptom
Count (n ¼ 34)
General Characteristics
Age at study enrollment (years)
25.82 (.53)
Sex (male)
17 (50%)
10 (43%)
FH positivea
DSM-IV Diagnostic Criteria
AUD symptom countb
.88 (.13)
0%
Alcohol dependence (DSM-IV)b
32%
Alcohol abuse without dependence (DSM-IV)b
Average for 6 Years Drinking Behavior and Related Measuresc
Drinking frequency (days/month)
14.86 (1.16)
Drinks per drinking day
5.88 (.39)
Maximum no. drinks per occasion
10.56 (.81)
Binge drinking frequency (days/month)
7.82 (.63)
Average Alcohol Drinking Measuresd
AUDIT total score
10.18 (.59)
DrInC-2R total score
14.97 (1.43)

Intermediate AUD Symptom
Count (n ¼ 60)

High AUD Symptom
Count (n ¼ 10)

25.08 (.38)
38 (63%)
27 (54%)

24.60 (1.09)
6 (60%)
6 (75%)

3.17 (.16)
23%
72%

6.60 (.52)
100%
0%

17.35
6.92
12.45
11.10

(.71)
(.31)
(.53)
(.52)

15.60 (.67)
25.30 (1.39)

20.10
9.82
17.60
17.30

p Value

.179
.318
.053
⬍.001
⬍.001
⬍.001

(2.43)
(1.03)
(2.83)
(2.24)

.008
⬍.001
⬍.001
⬍.001

23.20 (1.80)
46.00 (3.07)

⬍.001
⬍.001

Data are mean (SEM) or %. AUD symptom count groups based on Bayesian information criterion models and trajectory analysis. Analyses included χ2,
Fisher’s exact, and linear trend analysis as appropriate. Signiﬁcance testing results reﬂect the comparison of AUD subgroups, as high ⬎ intermediate ⬎ low for
all comparisons with the exception of alcohol abuse without dependence, which was signiﬁcant for intermediate ⬎ low ⬎ high AUD symptom count group.
AUD, alcohol use disorder; AUDIT, Alcohol Use Disorder Identiﬁcation Test; DrInC-2R, Drinker Inventory of Consequences—Recent; FH, family history.
a
FH based on 81 participants who could be classiﬁed as either FH⫹ or FH–.
b
Variables from Structured Clinical Interview for DSM interview indicate maximum number of AUD symptoms from 11 DSM-IV criteria met during any
follow-up at 1, 2, 5, or 6 years, and alcohol abuse and alcohol dependent diagnoses consistent with DSM-IV criteria for alcohol abuse and dependence.
c
Drinking variables were average maxima of 1-, 2-, 4-, 5-, and 6-year follow-up.
d
AUDIT and DrInC-2R average maximum total scores at 1-, 2-, 4-, 5-, and 6-year follow-up.

groups. The validity of these groups as showing meaningful
behavioral differences was supported by other measures including
drinking quantity, drinking frequency, binge-drinking frequency,
AUDIT, and Drinker Inventory of Consequences scores, which
showed a linear progression among the AUD groups (Table 3).
Notably, all participants in the high AUD group met AD criteria at
least once during follow-up, compared with 26% in the intermediate group and none in the low group. The progression of
AUD symptoms and binge-drinking frequency are shown in
Figure 1A and B. Alcohol responses, relative to placebo, for
stimulation, sedation, like, and want more for the AUD groups
are shown in Figure 1C and F. There was a linear progression in
responses with the high AUD symptom group showing pronounced stimulation, like, and want more ratings compared with
the other groups. Sedation did not differ across groups.
Additional exploratory examination of individual differences by
cluster analysis revealed three clusters that best described the
relationship of baseline alcohol responses to future AUD symptoms
(Figure 2). Among half the participants (n ¼ 51), increasing levels
of stimulation and liking were predictors of more AUD symptoms;
the remaining half included clusters with increasing levels of liking
and wanting more (n ¼ 25) or wanting more alone (n ¼ 28) as
signiﬁcant predictors. The cluster groups did not differ on age, sex,
race, education, FH, or absolute number of AUD symptoms.

Discussion
Our results provide important evidence for the role of alcohol
stimulation and reward sensitivity, in addition to lower sedation, in
the development of future AUD symptoms and persistence and
exacerbation of bingeing and other drinking behaviors. The study
extends our previous ﬁndings (16) to a critical longer 6-year followup interval when most participants were entering their third decade
www.sobp.org/journal

of life and provides crucial and broader longitudinal evidence to
reconcile theoretical debate about models of alcohol response and
risk for future drinking problems. Young adult heavy drinkers who
exhibited an alcohol response phenotype characterized by greater
sensitivity to stimulant and rewarding effects progressed in their
drinking and reported more AUD symptoms over a 6-year interval
approaching their early 30s compared with those without this
response proﬁle. The high and intermediate AUD trajectory groups
showed clinically relevant signs of departure from drinking norms
over follow-up: average binge-drinking frequency throughout
follow-up was 62% and 40% of days, respectively, compared with
28% of days in the low AUD group. Furthermore, these groups
averaged 6.6 and 3.2 AUD symptoms, respectively, during their
heaviest follow-up. Extrapolating to the new DSM-5, these would
correspond to mild to severe AUD (44). The 6-year follow-up interval
therefore provided a more comprehensive picture than in our
original report of 2 years of follow-up (16) and support the link
between alcohol response and progression of excessive drinking,
particularly during the developmental transition to entering early
middle adulthood.
In terms of theoretical models, the data provide the most
support for the modiﬁed differentiator model (16), because
higher stimulation and lower sedation during peak BrAC at an
intoxicating dose of alcohol were predictive of the increase over
time in AUD symptoms. These effects were not predictive when
measured during rising and declining BrAC limbs, which may be
due to greater variability in responses at those temporal phases
as compared with the peak BrAC interval at 60 minutes.
Historically, the low-level response model has been widely
accepted, with less intense alcohol effects assumed to be the
mechanism for risk of development of AUD above and beyond
known risk factors such as FH (9). However, as we previously
suggested (5), a paradigm shift to greater emphasis on reward
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Figure 1. Baseline alcohol response factors in alcohol use disorder (AUD) trajectory subgroups. (A) Three trajectory groups were identiﬁed based on AUD
symptoms (total alcohol abuse and alcohol dependence symptoms; 0–11 possible) over 6 years of follow-up occurring at Years 1, 2, 5, and 6. The symbols
represent the mean AUD symptoms at each follow-up interval for each group with the dotted lines representing model ﬁts. (B) Binge drinking frequency
over follow-up in the AUD trajectory groups. (C–F). Stimulation, sedation, liking and wanting for alcohol, and placebo at 60 minutes (peak breath alcohol
content) for the AUD symptom subgroups derived from trajectory analyses. Results on ﬁgures are mainly for visual purposes and were derived from linear
trend analyses comparing groups on the net change score of alcohol response relative to placebo to be consistent with other analyses in this study, with
p ⬍ .05 indicating a signiﬁcant difference across groups. BAES, Biphasic Alcohol Effects Scale; DEQ, Drug Effects Questionnaire.

sensitivity in the development of AUD is now of paramount
importance in the alcohol ﬁeld. Although not explicitly stated, the
lower-level response model does not apply across the spectrum of
subjective alcohol responses but appears rather to focus on alcohol’s
impairing and sluggish effects. At peak BrAC, the only low-level

response that predicted future AUD was sedation, with high level of
response, in terms of stimulation and reward, also predictors.
Therefore, future alcohol challenge research should examine both
stimulating and sedating effects of alcohol within the same sample
for a complete picture of the differential effects of alcohol.
www.sobp.org/journal
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Figure 2. Cluster analysis results of the prospective relationship of B-BAES and DEQ derived alcohol response to alcohol use disorder (AUD) symptom
count over time. Raw data for both alcohol response measures (x axes) and mean AUD symptoms (y axes) are displayed for ease of presentation. Cluster
analyses were conducted on standardized scores for alcohol responses (to allow direct comparisons across measures), log-transformed mean AUD
symptoms (to correct for skewness), and the increase in AUD symptoms during Years 5 and 6 relative to Year 0, 1, and 2 (to account for AUD changes over
follow-up). Cluster analysis revealed three subgroups on the relationship of stimulation, sedation, liking, and wanting to AUD symptoms over time.
Regression analyses were used to assess the relationship between these variables.

Investigation of individual differences showed that half of
participants comprised a cluster group showing an association
of hedonic effects (i.e., stimulation and liking) and AUD
symptoms. The other half of the sample was equally divided
among those showing liking and wanting, or wanting alone, as
predictors. Therefore, incentive sensitization (wanting but not
liking) was evident only among a quarter of the sample. If the
theory is correct, with continued excessive drinking over a
longer interval, more participants would likely be included in
this cluster, and longer-term follow-up is underway. The
cluster analysis approach revealed that sedation was not as
highly associated with AUD as stimulating and rewarding
www.sobp.org/journal

effects. This individual difference approach complemented
the GEE and trajectory group approach by elucidating individual differences in the relationships among the alcohol
responses and AUD symptoms and underscore that the
relationships of different alcohol response factors to future
drinking problems is multifaceted.
The neurobiological underpinnings of the pleasurable effects
of alcohol are complex and not well understood but likely
involve inherent brain reward pathways including opioidergic
and dopaminergic circuits (45,46). In addition, neuroadaptations
in gamma-aminobutyric acid–ergic, glutaminergic, and corticotrophin systems are also likely involved in critical changes in the
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reward circuitry due to repeated alcohol exposures (4). On a
behavioral level, animal research indicates that alcohol, and
other addictive substances, are reinforcing through approach
behavior processes and psychomotor activation (15). Although
translation to human research has been challenging (47,48), the
observed sensitivity to hedonic (liking) and motivational (wanting) effects of alcohol, as well as stimulatory effects, may provide
important clues for targeting research on neurobiological substrates. Heightened striatal and mesolimbic system activity likely
underlie these rewarding and euphoric alcohol effects (49).
Indeed, work by Volkow and colleagues (50) suggests that faster
increases in dopamine correspond to more intense reinforcing
effects of drugs, including alcohol. Whether long-term use
depletes dopamine function and reduces alcohol sensitivity
remains an empirical question.
Despite numerous strengths in this study, including placebocontrolled assessment of alcohol responses, repeated follow-ups,
and successful retention (98%), there are several limitations worth
noting. First, light social drinkers were enrolled originally as a
control group, but they were not appropriate for testing of the
models in this study. Their drinking over follow-up remained light
(51), and analyses of the prospective role of alcohol response to
future drinking and alcohol problems were not signiﬁcant, likely
due to limited target behavior to detect. Although some light
drinkers showed positive-like alcohol responses, as a group, their
predominantly high sedative alcohol responses appear to protect
against alcohol problem development in adulthood in addition to
other psychosocial factors that may have mitigated their risk for
heavy drinking (52,53). Second, whether the observed alcohol
responses were inherent or if they were acquired or sensitized
over time in our sample with repeated binge-drinking exposures
in early adulthood remains unknown. Unfortunately, for ethical
reasons, alcohol challenge cannot be conducted in the United
States in persons under age 21 to address this issue. Third,
participants’ actual in vivo alcohol responses may differ from
those measured in the laboratory and differ depending on the
dose. Environmental and contextual effects are known to affect
alcohol responses (54–59) but such effects were minimized in our
well-controlled laboratory environment, and our dose was chosen
as an alcohol challenge to reach the limit for impaired driving in
the United States. Finally, consistent with DSM-5, a dimensional
approach of AUD symptom count was the primary outcome.
However, it was based on the 11 DSM-IV criteria for AA and AD;
this differs slightly from DSM-5, which replaces alcohol-related
legal problems with an item for craving, which was not ascertained in this study (60). Further, developmental diagnoses (i.e.,
conduct disorder or attention-deﬁcit disorder) that may relate to
drinking propensity (61,62) were not ascertained.
In sum, our results offer new empirical insights into the
propensity for alcohol misuse. Persons who continue to binge
drink in their 30s show increasing signs of departure from
normative social behavior and incur consequences and risk for
health harms from chronic excessive drinking (63–65). Study
ﬁndings indicate that heightened rather than lower alcohol
stimulation and reward sensitivity accounted for a large proportion of future drinking escalations and AUD symptoms. Alcohol
challenge responses prospectively predicted alcohol problems
through 6 years of follow-up and during the developmental
phase when many young heavy drinkers mature and bingedrinking behaviors becomes less normative (22,23). Delineation of
alcohol response phenotypes may add an important component
to prevention and educational efforts to reduce alcohol harm in
society. Additional neurobiological, genetic, and epigenetic
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research will provide important information on precise brain
pathways and mechanisms underlying this phenotype.
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