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Abstract
BACKGROUND—Alcohol-induced blackouts are associated with the development of alcohol
abuse and dependence, so it is important to consider potential neurobiological risk factors for
experiencing this problem prior to the onset of substance use. This study examines whether neural
activity during inhibitory processing might be atypical in substance-naïve youth who later
experience alcohol-induced blackouts.

METHODS—We examined inhibitory processing during fMRI with a go/no-go task that requires
withholding a prepotent response in substance-naïve youth who would later transition into heavy
drinking (n=40) and youth who remain abstinent (n=20). After approximately 5 years of annual
follow-up assessments, youth were classified as nondrinkers (n=20), and heavy drinking youth
were classified as having experienced an alcohol-induced blackout (blackout+; n=20) or not
(blackout−; n=20). Groups were matched on demographic variables, and youth who experienced
blackouts were matched on follow-up substance use.

RESULTS—Prior to initiating substance use, blackout+ youth showed greater activation during
inhibitory processing than nondrinkers and blackout− youth in frontal and cerebellar brain regions.
Mean activation during correct inhibitory responses relative to go responses in the left and right
middle frontal gyri at baseline predicted future blackout experience, after controlling for follow-up
externalizing behaviors and lifetime alcohol consumption.

CONCLUSIONS—Substance-naïve adolescents who later experience alcohol-induced blackouts
show increased neural effort during inhibitory processing, as compared to adolescents who go on
to drink at similar levels but do not experience blackouts and healthy, nondrinking controls,
suggesting a neurobiological vulnerability to alcohol-induced memory impairments.
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1. INTRODUCTION
Alcohol use during adolescence is a widespread problem in most Western societies with a
range of adverse consequences. Alcohol initiation typically occurs between ages 15 to 17
and escalates throughout adolescence and early adulthood (Sartor et al., 2009, 2007; York et
al., 2004). By 12th grade, nearly 25% of high school seniors report engaging in heavy
episodic drinking (i.e., consuming five or more drinks on one occasion) (Johnston et al.,
2011), which has been linked to an increased likelihood of alcohol-related problems, such as
alcohol-induced blackouts (Rose and Grant, 2010; White et al., 2004).

Alcohol-induced blackouts, or episodes of memory loss for a drinking occasion, have been
associated with negative consequences and behavioral risks, including criminal activity,
unprotected sex, and driving after drinking (White et al., 2002). Interestingly, some
individuals may be more likely to experience an alcohol-induced blackout than others, even
when matched on blood alcohol concentrations (BAC) reached (Hartzler and Fromme, 2003;
Wetherill and Fromme, 2011; Wetherill et al., 2012). Two alcohol challenge studies found
that, while sober, individuals with alcohol-induced blackout histories showed no memory
task performance differences from those without blackout history, but after a moderate dose
of alcohol, previous blackout experience was linked to poorer recollection performance
(Hartzler and Fromme, 2003; Wetherill and Fromme, 2011).

Recent functional magnetic resonance imaging (fMRI) studies extend the above findings and
provide insight into potential neural mechanisms underlying alcohol-induced blackouts.
Wetherill and colleagues (2012) examined the acute effects of alcohol on neural correlates
of contextual memory among 24 individuals with (n = 12) and without (n = 12) a history of
alcohol-induced blackouts, matched on demographic and drinking variables. Participants
underwent two fMRI scanning sessions: one while sober and one after consuming a
moderate dose of alcohol (.08% BAC). During each scan session, participants completed a
contextual memory task. Groups did not differ on memory-related activation while sober,
but after alcohol consumption, those with histories of blackouts showed less activation
during encoding and recollection in prefrontal and posterior parietal regions. Although
individuals were well-matched and drank similarly, these findings suggest that alcohol had
differential effects on frontoparietal activity, and consequently, may place some individuals
at greater risk for experiencing alcohol-induced blackouts.

Similar frontoparietal brain abnormalities have been observed among youth at risk for
alcohol use disorders while completing inhibition tasks (Norman et al., 2011; Schweinsburg
et al., 2004). Disinhibition, the impaired ability to inhibit an inappropriate response, has
been associated with substance misuse (Bogg et al., 2011; Iacono et al., 2008; Tarter et al.,
2004) and a wide range of maladaptive behaviors (Kirisci et al., 2009; Young et al., 2009).
Disinhibition may contribute to blackout occurrence through disinhibited drinking (e.g.,
drinking rapidly, gulping drinks), as opposed to drinking more steadily (Goodwin, 1995;
Perry et al., 2006; Ryback, 1970). Further, deficits in the ability to inhibit distractors affects
memory performance (Conway and Engle, 1994; Unsworth and Engle, 2007), and
consequently, some individuals may be more likely to experience alcohol-induced memory
impairments as a result, particularly after alcohol intoxication (Wetherill and Fromme, 2011;
Wetherill et al., 2012). Collectively, atypical frontoparietal activity during inhibitory
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processing and inhibitory control deficits may place some individuals at greater risk for
experiencing an alcohol-induced blackout and associated negative consequences.

To this end, a critical unanswered question is whether response inhibition and frontoparietal
abnormalities exist among substance-naive youth who not only later transition into heavy
drinking, but also experience alcohol-induced blackouts. We performed blood oxygen level
dependent (BOLD) fMRI during a go/no-go response inhibition task, a task shown to engage
frontal and posterior parietal cortical brain regions (Norman et al., 2011; Tapert et al., 2007),
to characterize response inhibition among substance-naïve youth who were then followed
annually. After approximately 5 years, youth had either remained substance-naïve (CON) or
had transitioned into heavy drinking and were classified as either alcohol-induced blackout
positive (B+) or alcohol-induced blackout negative (B−). Based on previous findings
(Norman et al., 2011; Schweinsburg et al., 2004; Wetherill et al., 2012), we hypothesized
that those who would experience alcohol-induced blackouts would show different, and most
likely less, frontal and parietal activation during response inhibition prior to initiating
substance use than youth who would remain substance-naïve and youth who would not go
on to experience alcohol-induced blackouts. By identifying potential neurobiological
antecedents of alcohol-induced blackouts, this study will point to risk factors for alcohol-
induced impairments and related problems.

2. Methods
2.1. Participants

Youth in the current study (N=60) were identified from a sample of 296 adolescents
participating in longitudinal study on neural effects of adolescent drinking (Squeglia et al.,
2011, 2012; Wetherill et al., 2012). Youth were recruited through flyer distribution at local
public schools when youth were ages 12–14 and had minimal, if any, substance use (Bava et
al., 2011; Pulido et al., 2009; Squeglia et al., 2009). Parents and the youth were screened by
phone then each privately completed semi-structured diagnostic interviews to confirm
eligibility. Participants provided assent, and parents provided consent, as approved by the
University of California, San Diego Human Research Protections Program.

Baseline exclusion criteria that helped rule out potential confounds were parental history of
bipolar, psychotic, or antisocial personality disorder; any indication of in utero alcohol,
tobacco, or illicit drug exposure; complicated or premature birth (<34 weeks gestation); left-
handedness; history of chronic medical illness, any neurological or Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV, (Association, 1994) Axis I
disorder; traumatic brain injury with loss of consciousness > 2 min., or learning disabilities;
use of psychoactive medications; more than 6 lifetime alcohol, cigarette, marijuana, or other
illicit drug uses, or more than 1 drink per drinking occasion; MRI contraindications (e.g.,
braces, positive pregnancy test); sensory impairments; and non-fluency in English. At
baseline, participants (N=40) were ages 12–14 years with minimal substance use (≤1 total
lifetime drinks; ≤1 lifetime uses of marijuana; ≤1 lifetime cigarette uses; and no history of
other illicit substance use).

2.2. Measures
2.2.1. Substance use—The Customary Drinking and Drug Use Record (CDDR; Brown
et al., 1998) assessed lifetime and past year information on alcohol, nicotine, and other drug
use, DSM-IV abuse and dependence criteria, withdrawal/hangover symptomatology,
blackout, and other substance-related negative consequences. Adolescent self-report data
were verified by Breathalyzer screens, urine toxicology analyses, and parent reports on
youth substance use.
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2.2.2. Blackouts—Questions from the CDDR ascertained alcohol-induced blackout
experience with the following questions: “I’m going to ask about some problems you may
have had while drinking alcohol. I would like to know if you have had this problem in the
past year. Have you experienced periods of time that later you could not remember
(blackouts)? If yes, how long was your longest blackout ever in the past 3 months?” Youth
were classified as blackout+ if he/she provided a positive response.

2.2.3. Family background—The Hollingshead scale provided a measure of
socioeconomic status that incorporates level of education and occupation of each parent
(Hollingshead, 1965). The Family History Assessment Module (FHAM; Rice et al., 1995)
assessed DSM-IV criteria of alcohol and other drug abuse and dependence in first and
second-degree relatives. An index of family history density was created by compositing
youth and parent reports: each parent with a history of substance use disorder was assigned a
0.5 and each such grandparent added 0.25 (range: 0–2; Zucker et al., 1994).

2.2.4. Development—The Pubertal Development Scale (Petersen et al., 1988) assessed
current levels of pubertal development with five sex-specific items (e.g., “Would you say
that your body hair growth: has not begun yet to grow; has barely started to grow; is
definitely underway; seems complete?”; “Have you noticed that your breasts are starting to
grow: have not yet started growing; have barely started growing; breast growth is definitely
underway; breast growth seems complete?”). Body mass index (BMI) was calculated using
the standard formula incorporating height and weight.

2.2.5. Neurocognition—At baseline, verbal IQ was estimated with the Vocabulary
subtest of the Wechsler Abbreviated Scale of Intelligence (Wechsler, 1999) and reading
ability was determined using the Wide Range Achievement Test, 3rd Edition (Wilkinson,
1993).

2.2.6. Psychopathology—At baseline and follow-ups until age 18, the Child Behavior
Checklist (CBCL; Achenbach and Rescorla, 2001) provided a level of adolescent
psychopathological syndromes (e.g., internalizing and externalizing behaviors). Similar self-
report data were obtained from the Youth Self-Report (YSR) for those age 18 and under,
and with the Adult Self-Report (ASR) after turning 18 (Achenbach and Rescorla, 2003) to
provide a quantitative measure of psychopathological syndromes including externalizing and
internalizing behaviors.

2.2.7. Self-rating of effects of alcohol—The Self-Rating of the Effects (SRE) of
alcohol form assessed the number of drinks required to feel specific effects of alcohol on
first five times the participant ever consumed more than a taste or a sip (Schuckit et al.,
1997).

2.2.8. Experimental paradigm—A go/no-go event-related paradigm (Norman et al.,
2011; Tapert et al., 2007) measured response inhibition during fMRI scanning. During the
task, participants viewed a serial presentation of blue shapes on a screen, comprised of large
circles (n=64), small circles (n=16), large squares (n=43), and small squares (n=57) with
each stimulus appearing for 200 msec. Participants were instructed to press a button each
time a large circle, small circle, or large square (go stimuli) appeared and to not press when
shown a small square (the no-go stimulus, 32% of trials). The intertrial interval was 1500
msec. Total task duration was 6 minutes and 24 seconds.
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2.3. Procedures
Eligible youth completed baseline (i.e., prior to onset of substance use) interviews, urine
toxicology, Breathalyzer screens, neuropsychological testing, and neuroimaging, and parents
provided collateral reports of youth substance use, general life functioning, and behavior.
Quarterly thereafter, participants were contacted for follow-up assessments on substance use
and related problems. For the larger study, follow-up rates exceeded 95% at each annual
time point. At the time of the current study, 185 of the 296 adolescents (62.5%) remained
substance-naïve, 28 adolescents (9.5%) transitioned into moderate drinking, and 83
adolescents (28%) transitioned into heavy drinking (see Figure 1 for classifications). After
approximately 5 years, we identified 20 substance-naïve youth, 20 heavy drinkers who
reported experiencing an alcohol-induced blackout, and 20 additional heavy drinkers with
matching demographics and drinking patterns who had not experienced an alcohol-induced
blackout. Groups were similar on baseline age, gender, ethnicity, pubertal maturation status,
body mass index, family history of substance use disorder, socioeconomic status, and heavy-
drinking youth reported similar maximum number of drinks consumed in one time period
during the year that they transitioned into heavy drinking and/or when they experienced their
first alcohol-induced blackout (see Table 1).

2.4. MR Acquisition
Youth were imaged on a 3.0-Tesla General Electric Excite MR system with an 8-channel
phase-array head coil (General Electric Medical System, Milwaukee, WI, USA). Scan
sessions involved a 10-second scout scan to assure good head placement and slice selection
covering the whole brain, and a sagittally-acquired high-resolution 3d T1-weighted
anatomical image (FOV 24 cm, 256 × 256 × 192 matrix, 0.94 × 0.94 × 1 mm voxels, 176
slices; TR=8 ms, TE=3 ms, TI=450 ms, flip angle 12°, 7:19 minutes). Whole-brain echo
planar images were collected axially (FOV 24 cm, 64 × 64 matrix, 3.75 × 3.75 × 3.8 mm
voxels, TR = 2000 ms, TE = 30 ms, 90° flip angle, 32 slices no gap, slice thickness = 3.8
mm).

2.5. Data Processing and Analysis
fMRI data were processed using Analysis of Functional NeuroImages (AFNI) software
(Cox, 1996). Two trained raters visually inspected time series data for gross movement
artifacts and removed repetitions containing visible head motions. All data sets included in
analyses retained >85% of repetitions. Small movements were corrected by registering
image repetitions to a selected base volume using the AFNI 3D volume registration program
(Cox and Jesmanowicz, 1999). Separate hemodynamic task response functions for
successful inhibitions and response selections were calculated using deconvolution based on
each participant’s behavioral data, while accounting for hemodynamic delays (Bandettini et
al., 1993) and covarying for motion and linear trends. This yielded fit coefficients
representing BOLD response specific to task stimulus type for each voxel within the brain.
Voxel-wise fit-coefficient data were transformed to standard coordinates (Talairach and
Tournoux, 1988), resampled into 3 mm3 isotropic voxels, and smoothed spatially with a 5
mm full-width half-maximum Gaussian filter.

Analyses examined baseline (i.e., prior to substance use) BOLD response contrast
differences between successful no-go trials (small square; STOPS) and go trials (all other
shapes) and were performed on whole-brain fMRI data using one-sample t-tests to examine
group activation and a one-way analysis of variance (ANOVA) (AFNI 3dANOVA)
comparing adolescents who would remain substance-naïve, heavy drinking adolescents who
would later go on to experience an alcohol-induced blackout, and heavy drinking
adolescents who would not experience an alcohol-induced blackout. Monte Carlo
simulations using the AFNI 3dClustSim program were conducted to guard against false
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positive activations. Based on these analyses, a voxel-wise α of .01 would result in a
corrected cluster-wise activation probability of .01 with at least 33 contiguous activated
voxels (891 μl). BOLD response data were exported to PASW 18.0 (Chicago, IL) to
conduct analyses.

Groups did not differ on baseline characteristics (described below); thus, analyses of
variance (ANOVAs) were conducted for each cluster found to differ to between groups, and
pairwise post hoc differences between groups were assessed using Tukey’s Honest
Significant Difference test (HSD). For each analysis, the mean activation from each
functional cluster was entered as the independent variable, and the follow-up group
membership (i.e., CON, B+, or B−) as the dependent variable. Among the heavy-drinking
blackout groups, follow-up logistic regression analyses examined baseline BOLD response
contrast (no-go versus go) in significant clusters from the ANOVA analysis as predictors of
experiencing an alcohol-induced blackout at follow-up, with blackout status as the
dependent variable, mean activation from significant functional clusters of the BOLD
response contrast as the independent variable, and variables in which groups differed (i.e.,
externalizing behaviors T-score, lifetime alcohol consumption) as covariates.

Demographic variables, substance use, and task performance variables were compared
between groups with ANOVAs (e.g., age, pubertal maturation) and chi-square (e.g., gender)
tests. Go/no-go task performance measures were go and no-go trial reaction times, percent
correct, D′ (a measure of accuracy in discriminating between go and no-go stimuli, and β (a
measure of response bias; Green and Swets, 1966).

3. RESULTS
3.1. Participant characteristics

At baseline, groups did not differ significantly on age (F(2,57) = 2.38, p = 0.10; η2 = 0.08),
gender (χ2 = 0.14, p = 0.93), socioeconomic status (F(2,57) = 0.73, p = 0.49; η2 = 0.03),
pubertal development (females: F(2,24) = 1.52, p = 0.25; η2 = 0.14; males: F(2,30) = 0.85, p =
0.44; η2= 0.06), body mass index (F(2,57) = 2.23, p = 0.12; η2 = 0.07), externalizing (F(2,57)
= 0.97, p = 0.39; η2 = 0.04) or internalizing behaviors (F(2,57) = 0.26, p = 0.78; η2 = 0.01),
or familial substance use disorders (F(2,57) = 0.23, p = 0.79; η2 = 0.01) (see Table 1). At
follow-up, heavy-drinking blackout groups were similar on alcohol use (maximum number
of drinks during one drinking episode during past year (F(1,38) = 0.14, p = 0.72; η2 = 0.004),
number of drinking days per month (F(1,38) = 0.04, p = 0.84; η2 = 0.001), and average
number of drinks per drinking episode (F(1,38)= 0.45, p = 0.51; η2 = 0.01), substance use
(number of times used marijuana in the past year (F(1,38) = 0.01, p = 0.94; η2 = 0.000);
number of times used other substances in the past year (F(1,38)= 2.59, p = 0.12; η2 = 0.06),
but blackout+ youth showed greater number of lifetimes drinks (F(1,37) = 4.45, p = 0.04; η2

= 0.11). At follow-up, CON, B+, and B− groups were similar on internalizing behaviors, but
blackout+ youth were higher on externalizing behaviors (F(2,57) = 13.46, p < 0.001; η2 =
0.35). Tukey’s HSD revealed that the control group differed significantly from the B+ group
(p < 0.001), the B− and B+ groups also differed significantly (p < 0.01), and the control and
B− groups were not significantly different (p > 0.05). No group differences were found on
go/no-go task performance (ps > 0.05)(see Table 1)

3.2. Event-related fMRI results
Whole-brain analyses of no-go versus go contrast revealed frontal activation in middle,
superior, and medial frontal gyri and non-frontal activation in temporal, parietal, and
cerebellar regions (Table 2, Figure 2). Analyses of group differences revealed that B+ youth
typically had greater activation or comparable activation with controls followed by B−
youth. Pairwise post hoc tests showed B+ youth had greater activity than controls in the left
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middle frontal gyrus (LMFG), right medial temporal lobe (RMTL), and left cerebellar tonsil.
The B− youth showed less activation than controls in the right middle frontal gyrus (RMFG)
and rostromedial prefrontal cortex (pre-SMA). Both B+ and B− youth showed less
activation than controls in the right inferior parietal lobule (RIPL).

With respect to pairwise comparisons between B+ and B− groups, the B+ group displayed
greater activity than the B− group in the RMFG, LMFG, RMTL, left cerebellar tonsil, and
pre-SMA. There were no regions where B− youth showed greater activation compared with
B+ youth.

Follow-up analyses were conducted to determine whether differential brain responses in the
clusters shown to differ between B+ and B− youth (i.e., RMFG, LMFG, RMTL, left
cerebellar tonsil, and pre-SMA) predicted alcohol-induced blackouts at follow-up after
controlling for externalizing behaviors and lifetime alcohol consumption. Logistic
regressions (Type I error controlled with α = 0.05/5 = 0.01) revealed that BOLD response
contrast at baseline in the RMFG (Wald’s χ2 = 6.86, p = 0.01; OR = 1.52, CI: 1.11–2.09;
Cox & Snell R2= 27%) and LMFG (Wald’s χ2 = 9.01, p = 0.003; OR = 1.71, CI: 1.20–2.42;
Cox & Snell R2= 41%) predicted blackouts after controlling for covariates (Figure 3).

4. DISCUSSION
The present study examined whether future heavy-drinking adolescents who experience
alcohol-induced blackouts show altered brain response during inhibitory processing. We
hypothesized, based on previous findings (Norman et al., 2011; Schweinsburg et al., 2004;
Wetherill et al., 2012), that adolescents who would go on to experience alcohol-induced
blackouts would show less frontal and parietal activation during response inhibition prior to
initiating substance use than youth who would remain substance-naïve and youth who
transition into heavy drinking but would not experience alcohol-induced blackouts. Contrary
to our hypothesis, adolescents who would later experience alcohol-induced blackouts
showed greater brain response in frontal regions commonly associated with inhibitory
processing (Buchsbaum et al., 2005; Garavan et al., 2006, Simmonds et al., 2008). Greater
activation in the context of comparable behavioral performance is consistent with the notion
of functional compensation (Rao et al., 2011; Suskauer et al., 2008; Tsapkini et al., 2011),
which could explain these findings. As such, blackout+ youth may need to recruit more
brain areas or increase use of specific regions associated with inhibitory processing to
respond and inhibit successfully.

Differential activation was prominent in bilateral frontal brain regions, right parietal, right
temporal, and left cerebellar brain regions. Further, greater activation in the right and left
middle frontal brain regions in future heavy-drinking youth predicted almost a 2-fold chance
of blackouts in the subsequent 5 years, after controlling for follow-up externalizing
behaviors and lifetime alcohol consumption. Thus, prior to initiating substance use, blackout
+ youth showed atypical neural activity in brain regions associated with inhibitory
processing, decision-making, and substance use risk (Adleman et al., 2002; Lundqvist, 2010;
Squeglia et al., 2009; Tapert et al., 2004). In fact, our follow-up measures show that
blackout+ adolescents had increased externalizing behaviors and greater lifetime alcohol
consumption, which supports this idea. Thus, these youth may be more vulnerable to
maladaptive behaviors and subsequent consequences due to the fact that inhibition is more
difficult to achieve due to underlying differences, which may be exacerbated by cognitive
loads, such as alcohol.

Furthermore, our finding that greater baseline activation during inhibitory processing
predicting follow-up alcohol-induced memory impairment raises the question of whether
this activation pattern is a marker for heavy drinking, or if this pattern is marker of a
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vulnerable memory system. Given that our blackout groups show similar drinking patterns at
follow-up, these findings suggest the latter. Specifically, atypical frontoparietal activation
during inhibitory processing may indicate a vulnerability to alcohol’s effects on encoding or
inhibiting distractors (a common source of encoding failure), and as such, memory
difficulties and impairments may become evident after alcohol consumption or additional
cognitive demands.

To our knowledge, this is the first fMRI investigation of response inhibition among youth
who experience alcohol-induced blackouts prior to substance use initiation, and as such,
there is no extant literature to compare our findings. Our findings are, however, consistent
with studies examining inhibitory processing in youth with attention-deficit hyperactivity
disorder (ADHD; Durston et al., 2003) where youth with ADHD show greater dorsolateral
prefrontal and posterior parietal BOLD response during response inhibition compared to
their healthy counterparts. As such, the frontoparietal abnormalities observed in the current
study may reflect deficits in attention and vigilance. Although the current sample is
comprised of youth who do not meet criteria for ADHD, blackout+ youth did show greater,
yet within the clinically normal range, externalizing problems at follow-up, which has been
linked to other behavioral problems, including substance use (Norman et al., 2011).

The current findings should be considered in light of possible limitations. Although groups
were matched on several baseline and follow-up demographic and substance use variables,
blackout+ youth had greater externalizing behaviors and lifetime alcohol consumption at
follow-up. While differential activation patterns remained after statistically controlling for
these factors, such differences may contribute to the current findings. Thus, the BOLD
differences observed may be indicative of overall behavioral problems, not solely alcohol-
induced blackouts. Continued longitudinal analyses with larger sample sizes and follow-up
imaging data will help clarify BOLD response differences during inhibitory processing
among substance-naïve youth and whether these differences are associated with subsequent
behavioral risks, including alcohol-related problems.

In summary, the current data shows that atypical brain response during inhibitory processing
may be a neural risk factor for the occurrence of alcohol-induced blackouts. These findings
indicate that some individuals appear to have inherent vulnerabilities to inhibitory
processing difficulties that likely contribute alcohol-induced memory impairments.
Together, these findings contribute to the growing literature identifying neural risk factors
for alcohol use and alcohol-related problems and provide information on potential targets for
intervention programs.
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Figure 1.
Drinking classification for heavy drinking adolescents, based on Cahalan et al., 1969 and
Squeglia et al., 2009. Note that Moderate Drinkers were not included in this study; B− and B
+ participants were all in the Heavy Drinker category.
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Figure 2.
Group differences in no-go versus go BOLD response contrast (p < .01, clusters > 891 μl)
between youth who go on to experience blackouts (B+; n = 20), youth who do not
experience blackouts (B−; n = 20), and controls (CON; n = 20).
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Figure 3.
Odds ratios for functional clusters that significantly differ between B+ and B− youth as
predictors of alcohol-induced blackouts. RMFG: right middle frontal gyrus; LMFG: left
middle frontal gyrus; RMTL: right medial temporal lobe; LCT: left cerebellar tonsil; RP-
SMA: right pre-supplementary motor area.
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