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Abstract
Alterations in memory function due to alcohol exposure have been observed in both animal
models and human populations. The human literature on neurocognitive consequences of binge
alcohol use in emerging adults has not systematically investigated its potential negative impacts on
visuospatial memory. For instance, these impacts have not yet been assessed using a human
analogue of the Morris Water Maze Task (WMT), a key memory measure in the animal literature.
Accordingly, this study compared performance between emerging adult binge drinkers (BD, n=22)
and age- and sex-matched light drinkers (LD, n=29) using the Morris WMT, as well as verbal
memory using the California Verbal Learning Test (CVLT). Emerging adult BD demonstrated
worse performance on verbal learning and memory relative to LD. However, no significant group
differences were observed on spatial learning and memory. Furthermore, no sex differences or
interactions with drinking status were observed on either memory domain. These data suggest that
in emerging adults who are at a heightened risk for alcohol abuse disorders, but who do not yet
meet diagnostic criteria, verbal learning is uniquely impacted by the neurotoxic effects of binge
drinking, whereas spatial learning is relatively spared between bouts of intoxication.
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Introduction
Alcohol is currently one of the most widely used psychoactive substances and leading cause
of serious public health problems [1]. The onset of alcohol use frequently occurs during
adolescence, increasing in prevalence from approximately 3% of 12-year olds to 68% of 21-
year olds reporting alcohol use [2]. Heavy episodic drinking (binge drinking) reaches a
prevalence rate of approximately 39% between 18 to 24 years of age, peaking at 48% at age
21. It is therefore not surprising that the highest rate of alcohol use disorders (AUDs) also
occurs within this age range.

The period from 18 to 24 years of age has been referred to as “emerging adulthood”, a time
characterized by having greater independence than in adolescence, but less independence
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than during adulthood. Magnetic resonance (MR) techniques applied to characterize brain
development have demonstrated that the rapid structural and functional brain changes
occurring during adolescence do not begin to plateau until after age 20, with the majority of
the fine-tuning continuing to occur primarily in the frontal and association cortices.
Structural brain changes that last into the early 20s are associated with significant cognitive
improvements [4,5], with some of the most dramatic improvements in executive functions
occurring towards the end of the adolescent period and into emerging adulthood [6–8].
Significant developmental changes also occur in the hippocampus [9,10], suggesting that
this region’s increased vulnerability to alcohol may extend into emerging adulthood.

Heavy alcohol consumption has been associated with deficits across several domains of
cognition [11–14], with executive functioning and memory domains being the most
vulnerable to disruptions by alcohol [15,16]. Binge drinking in young adults (approximately
21 years) has been associated with impairments in cognitive functions linked to the
dorsolateral prefrontal cortex, as well as impairments in memory functions linked to the
temporal lobe [17]. Adolescents with AUDs examined after three weeks of abstinence
demonstrated poorer verbal learning on the California Verbal Learning Test (CVLT) and
poorer visual reproduction on the Wechsler Memory Scale (WMS) Visual Reproduction
subtest relative to adolescents without AUDs [18]. In 3-week abstinent adult alcoholics,
deficits were observed on word recall [19]. In long-term abstinent alcoholics, deficits on
spatial processing persisted beyond termination of alcohol use, whereas other domains of
cognitive function recovered with extended abstinence [20].

Substantial animal data exist demonstrating that chronic alcohol exposure leads to
hippocampal neurodegeneration via disruption in cell proliferation, cell survival and
disruption of cell maturation [21]. Preclinical evidence also indicates that while adolescents
are less impacted than adults by alcohol-induced sedation, motor-impairment, and
hypothermia [22–28], hippocampal long-term potentiation and spatial memory are more
impaired in adolescents than in adults [28,29]. Behavioral rodent studies using the classic
Morris Water Maze Task (WMT) [30] show that chronic alcohol exposure significantly
impairs acquisition and retention of spatial memory in adolescents but not in adults [31,32],
and that impairments persist up to 25 days after exposure is terminated [32]. Intermittent
binge alcohol exposure also has been shown to produce Morris WMT deficits in adolescent
rodents that persist for two weeks after the last exposure [33]. Taken together, evidence
from animal studies demonstrates that the hippocampus and memory-related functions are
significantly more susceptible to alcohol exposure during the adolescent period than during
adulthood.

The human literature on the neurocognitive consequences of alcohol use have not
systematically investigated visuospatial memory, despite the large number of animal studies
demonstrating alcohol-related hippocampal abnormalities on the Morris WMT [31,32].
Virtual versions of the WMT have been developed and used to assess spatial memory in
humans [34–37], with limited data available examining the impact of alcohol on
performance. In the single published study, children with fetal alcohol syndrome (FAS)
demonstrate impaired spatial performance on the virtual Morris WMT, as measured by
decreased time spent searching in the correct quadrant during the probe trial, despite similar
motor control, attention and motivation [38].

The objective of the present study was to examine the effects of binge drinking on memory
function in an emerging adult population relative to age-matched light alcohol drinkers,
using a virtual analogue of the Morris WMT to measure spatial memory and the CVLT to
measure verbal memory. Light drinkers were predicted to outperform binge drinkers on both
memory tasks. These findings will fill a critical gap in the literature on the neurocognitive
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consequences of binge drinking on memory function in emerging adults, as well as provide a
baseline for understanding the unique vulnerabilities associated with heavy episodic
consumption during this age period.

METHOD
Participants

The study sample consisted of 22 binge drinkers (BD, 9 females) and 29 light drinkers (LD,
14 females). Ethnic breakdown of the sample was 62.7% Caucasian (29.4% BD; 33.3%
LD). A trained psychologist conducted diagnostic clinical interviews using the Structured
Clinical Interview for Diagnostic and Statistical Manual (DSM–IV) Non-Patient Edition
(SCID-I/NP [39]). Inclusion criteria for the BD group required that subjects report at least 3
heavy-drinking episodes occurring per month for the past six months. Heavy episodic
drinking was defined as at least 4 (women) or 5 (men) standard drinks per drinking occasion
within a two-hour period. Inclusion criteria for the LD group required that subjects report
drinking less than 3 drinks per occasion on no more than 5 days within a span of 30 days for
the duration of the alcohol use history. Exclusion criteria for all participants included history
of head injury, loss of consciousness, history of organic mental disorder, seizure disorder or
central nervous system disease, or Axis I clinical pathologies (e.g., mood or anxiety
disorders). Participant demographics are presented in Table 1.

Procedure
Participants were recruited through local advertisement and screened by telephone interview
to ensure they met criteria for inclusion in the study. All aspects of the clinical research
protocol were reviewed and approved by the Institutional Review Board of McLean
Hospital (Belmont, MA, USA). After a complete description of the study, all participants
provided written informed consent and received monetary compensation for study
completion.

Participants completed urine screening to rule out current psychoactive substance use
(Triage® Drugs of Abuse Panel: Immediate Response Diagnostics, Biosite, San Diego, CA)
and a breath alcohol screen (Alco Sensor II, Intoxicometers Inc.) on study day. Negative
results were required for all tests for study inclusion. Alcohol use was assessed using the
Time Line Follow-Back (TLFB) procedure [40] and the Alcohol Use Disorders
Identification Test (AUDIT [41]). Blood alcohol levels (BALs) were estimated for each day
of drinking over the past 30 days using the procedure established by Hustad and colleagues
[42] and alcohol-related consequences were assessed using the Young Adult Alcohol
Consequences Questionnaire (YAACQ [43]).

Clinical measures—The Barratt Simplified Measure of Social Status (BSMSS) was used
to measure socioeconomic status (SES [44]). Clinical measures included Beck Depression
Inventory (BDI [45]), the Spielberger Trait Anxiety Inventory (STAI [46]), and the Barratt
Impulsivity Scale (BIS [47]).

Neurocognitive measures—A measure of general intellectual ability (IQ) was derived
using two of the four subtests (vocabulary and matrix reasoning) from the Wechsler
Abbreviated Scale of Intelligence (WASI [48]). Visuospatial ability and spatial perception
were assessed using the WASI Block Design subtest [48] and Mental Rotation Task [49].

Virtual Morris Water Maze Task—A PC-compatible laptop was used to administer the
virtual WMT (NeuroInvestigations, Inc., Lethbridge, AB, Canada). The virtual environment
consisted of a circular pool located in the center of a square room, with four large abstract
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pictures located on the walls, which served as landmarks. Details of the task have been
published previously [36,50]. The platform was always located in the northeast (NE)
quadrant for all trials.

Participants completed a training phase that consisted of four visible platform trials in a
virtual environment distinct from the experimental virtual environment. Subsequently,
participants completed three experimental conditions: Learning (Hidden trials), Retention
(Probe trial), and Motor Control (Visible trials). The Learning condition included hidden
platform trials (1 trial starting in each quadrant (NW, NE, SW, SE), 4 trials per 4 blocks, 16
learning trials total). The Probe trial lasted for 30 seconds, during which time the platform
was removed from the pool, unbeknownst to participants. The Motor Control condition
included visible platform trials (1 trial starting in each quadrant (NW, NE, SW, SE), 4 trials
per 2 blocks, 8 trials total).

Dependent measures included: swim latency (sec) and percent distance traveled in the target
quadrant (NE), each measure was averaged across trials. For the Probe trial, dependent
measures included percent distance traveled in the target quadrant (NE), reflecting an
assessment of memory retention. Heading error towards the platform was calculated as the
angular deviation from a straight path to the center of the platform from the starting position,
and was measured at the first occurrence that participant distance was greater than 25% of
the pool diameter from the starting position.

Independent raters blind to participant group rated navigation strategies used by binge and
light drinkers during the Probe trial: 1) direct strategy, where participants navigated directly
to the platform location, or 2) a non-direct strategy, where participants navigated in a
circuitous or random route that was not in the direction of the platform quadrant (NE).
Pearson’s correlation coefficient (two-tailed) demonstrated significantly high inter-rater
reliability for strategy coding, r=.74, p<.001.

California Verbal Learning Test—Participants were administrated the CVLT-II [51],
which consisted of a list of 16 items from four different semantic categories (List A)
presented on 5 sequential Learning trials, followed by presentation of an interference list,
List B. Measures of free recall and semantically-cued recall of List A items were obtained
immediately after each Learning trial, after recall of List B (short delay), and after a 20-
minute delay (long delay). Participants also completed a Recognition trial by giving a ‘yes’
or ‘no’ response in discriminating List A items from List B and distractor (non-list) items.
Semantic clusters were also calculated during free recall trials, based on grouping response
order based on semantic categorical properties (e.g., “all items on the list that are things to
wear”). The semantic cluster ratio was adjusted for chance and was calculated across
Learning trials for List A. The slope of the learning curve was calculated based on number
of correctly recalled words on Trial 1 and on Trial 5.

Statistical analyses
SPSS 18.0 (SPSS, Chicago, IL) was used for all statistical analyses (α=.05). All analyses
included sex as a covariate, due to the reported sex differences in verbal and spatial learning
[52]. Two-way (Group x Trial) repeated measures analyses of variance (ANOVAs) were
conducted for swim latency and percent distance traveled in the target quadrant on WMT
Learning and Motor Control trials. One-way (Group) univariate ANOVAs were conducted
for percent distance in the target quadrant and heading error on the Probe trial. Chi-square
non-parametric analyses were conducted to compare navigation strategies employed (i.e.,
direct strategy versus the non-direct strategy) by each group. Two-way (Group x Trial)
repeated measures ANOVAs were conducted for percent correct on CVLT Learning Trials
1–5, and one-way (Group) ANOVAs were conducted for number correct on List A Trial 1
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and 2, List B, short and long delay free and cued recall, recognition hits, false alarms, misses
and discriminability. A two-way (Group x Trial) repeated measures ANOVA was conducted
for chance adjusted semantic cluster ratios (recall strategy) across Trials 1–5 and a one-way
(Group) univariate ANOVA was conducted for total semantic cluster ratios for Trials 1–5.

RESULTS
Demographic, Clinical and Cognitive Variables

Clinical and cognitive measures are presented in Table 1. No significant differences in
demographic variables were observed between BD and LD. No significant group differences
were evident for clinical measures, with the exception of the YAACQ, in which BD had
significantly higher scores than LD. Furthermore, BD demonstrated greater scores on all
alcohol-related measures except for age of first alcohol use (p=.15) and peak drinking age
(p=.08) as compared to the LD group (Table 1). Cognitive measures are presented in Table
2. There were no significant group differences in IQ (BD: 123.3 ± 11.5, LD: 118.1 ± 12.2,
not significant (ns)), or on the two measures of visuospatial perception, WASI block design
(BD: 57.6 ± 8.5, LD: 57.8 ± 10.0, ns) or mental rotation (BD: 16.8 ± 5.4, 14.6 ± 5.22, ns).

Virtual Water Maze
Learning – Hidden Platform Trials—Significant learning was observed, as evidenced
by significant main effect of Trial for percent distance traveled in the target quadrant (NE)
(F(3,144)=7.5, p<.001). All participants displayed greater percent distances in the target
quadrant by Trial 4 (Figure 1). There was no significant main effect or Trial x Group
interaction observed for swim latency on learning trials (Trial 1: 17.6 ± 10.1; Trial 2: 12.6 ±
12.5; Trial 3: 11.5 ± 11.1; Trial 4: 11.6 ± 12.0).

Retention – Probe Trial—There was no significant difference between BD and LD for
percent distance traveled in the target quadrant (NE) on the Probe trial (BD: 47.9 ± 11.4, LD
45.7 ± 12.6, ns). There was a trend for a difference between group for Heading Error, with
BD exhibiting a greater heading error (30.8 degrees (°) ± 25.5) than LD (19.3 ± 19.0),
(F(1,47)=3.8, p=.06).

Motor Control – Visible Platform Trials—There was no significant main effect of Trial
or Trial x Group interaction observed for swim latency (Trial 1: 4.0 ± 0.9; Trial 2: 3.8 ± 0.6)
on Motor Control trials.

Navigation Strategy—LD demonstrated a significant Strategy preference, with a greater
percentage of LD subjects utilizing a direct strategy (72%, n=21) than those utilizing a non-
direct strategy (28%, n=8) (χ2(1,29)=5.8, p<.05). In contrast, 55% (n=12) of BD subjects
utilized a direct strategy and 45% (n=10) of BD subjects utilized a non-direct strategy to
reach the platform; these percentages were not significantly different in the BD group
(χ2(1,22)=.18, ns).

California Verbal Learning Test
Learning – Recall on Trials 1–5 and List B—Significant learning was observed, as
evidenced by a significant main effect of Trial for number of words correctly recalled from
Trial 1 to Trial 5 (F(4,188)=22.2, p<.001; Figure 2) across participant groups. There was a
significant Group x Trial interaction, with LD recalling a greater number of words than BD
(F(4,188)=5.2, p<.005). Post hoc analyses revealed that LD had superior performance on the
first two learning trials, Trial 1 (F(1,47)=4.5, p<.05) and Trial 2 (F(1,47)=3.9, p=.05), but
that group differences were no longer evident by Trial 3. In addition, learning slope was
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significantly steeper in BD (1.69 ± 0.58) than LD (1.23 ± 0.45) (F(1,47)=10.2, p<.005). No
significant group differences were observed for recall of List B (Table 2).

Retention – Short and Long Delay Recall—There were no significant main effects of
Group for short delay free (F(1,47)=0.4, ns) or cued recall (F(1,47)=0.5, ns), and for long
delay free (F(1,47)=0.1, ns) or cued recall (F(1,47)=0.04, ns) (Table 2).

Recognition—A main effect of Group was evident for Recognition (F(1,47)=5.8, p<.05),
with LD correctly identifying more target words than BD. There was a significant main
effect for Misses, with more misses observed in BD (0.8 ± 1.2) than in LD (0.2 ± 0.4),
(F(1,47)=5.8, p<.05). No significant effects were observed for False alarms (F(1,47)=0.01,
ns) or Discriminability (BD: 96.4 ± 5.3, LD: 97.9 ± 3.6, ns) (Table 2).

Recall Strategy—A significant main effect of Trial was observed for semantic cluster
ratios across Trials 1–5 (F(4,188)=17.9, p<.001), with increasing ratio scores across trials.
While the Trial x Group interaction did not reach significance p=.33), post hoc comparisons
demonstrated that BD had significantly lower semantic cluster ratio scores on Trial 1
(F(1,47)=4.5, p<.05) and on Trial 2 (F(1,47)=3.9, p=.05) relative to LD. Significant group
differences were no longer evident by Trial 3.

DISCUSSION
The results of the present study demonstrate a differential impairment of memory
performance, as evidenced by worse performance on verbal memory, but unimpaired spatial
memory, in emerging adult BD compared to LD. These study findings are consistent with
previous work by Parada and colleagues [53], in which binge drinking was associated with
verbal but not spatial memory deficits in a similarly aged cohort of emerging adults. In the
current study, BD demonstrated inferior learning and recognition, relative to light drinking
counterparts. Comparable total learning of word lists in the CVLT was observed across
groups for learning Trials 1–5. However, there were subtle learning differences observed
between groups, whereby BD recalled less words than LD on the first two learning trials, but
significant group differences were no longer evident by Trial 3 or for total number of words
recalled across all learning trials. The BD group also demonstrated worse recognition than
the LD group, with lower recognition scores being due to omission of target words (misses),
as opposed commission errors (false alarms). Given that the use of semantic clustering
strategies is associated with superior verbal memory performance, it was not surprising that
LD exhibited higher semantic cluster scores on the first two learning trials than BD.
However, this group difference was no longer evident after the second trial and was not
apparent for total cluster score.

In contrast, no performance differences were evident on the spatial memory task in BD
compared to LD, which is also consistent with previous findings [53]. Both groups
demonstrated similar performance on learning trials (percent distance traveled in the target
quadrant and swim latency), as well as retention of the platform location on the Probe trial.
This finding is somewhat surprising given that the Morris WMT has been a classic tool for
examining the disruptive effects of alcohol on spatial learning and memory in rodents [54].
Differences in spatial memory in this population may manifest primarily as differences in
the strategy employed to solve the task [55], as significantly more LD employed a direct
navigation route, which relies on a spatial strategy that is the most efficient means to solve
the task. For BD, however, approximately half used a direct approach and the other half
used a non-direct approach to complete the task. BD performed at the same level as LD,
however, despite using a less efficient strategy. Similar findings have been reported in
marijuana users on the same virtual Morris WMT [36], in which behavioral performance
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was similar between groups, but marijuana users demonstrated parahippocampal
hypoactivation, suggestive of differences in neuronal resources utilized during memory
retrieval. It is possible that in order for BD to perform at the same level as LD, neural
compensation is necessary, warranting future investigation of functional activation during
spatial memory performance in binge drinkers.

There are limitations that should be considered when interpreting the current study results.
Although joystick use or video game experience was not assessed in LD and BD, groups
were age-matched and performed similarly on the motor control condition. Nonetheless,
future studies of spatial memory on the WMT should account for joystick experience.
Second, differences associated with alcohol-related withdrawal could have also affected
study findings. Rodent studies have shown that acute withdrawal behavior is observed 9 to
12 hours after ethanol administration, when BAL reaches zero, and lasting up to 18 hours,
more than 3 hours after reaching an undetectable BAL [56,57]. Given that a minimum of 48
hours was required between last drink and study participation, and on average days since last
alcohol use was 6 days in BD, withdrawal-related effects in the present study were unlikely,
but should be accounted for in future work. Finally, while no Sex x BD interactions were
observed for hippocampal-based memory performance in the present study, or in previous
investigations [17,53], fluctuations in hormone levels associated with menstrual cycle phase
could have contributed variability to the study findings, since better spatial ability is evident
during the follicular phase of the menstrual cycle in adult women [58]. This is also unlikely,
however, given that the majority of women in the current study were tested during the
follicular phase (LD: follicular 79%, luteal 14%, unknown cycle status 7%; BD follicular
100%), and that sex was included in the statistical models as a covariate.

In conclusion, this study confirms evidence for impaired verbal learning performance in the
absence of spatial memory deficits, measured using the Morris Water Maze task in emerging
adults who meet the criteria for heavy episodic consumption. To the extent that rodent
studies have demonstrated impaired spatial memory on the Morris WMT after an acute
ethanol challenge [59,60] or after chronic intermittent ethanol exposure [61], it is possible
that binge-related impairments in spatial memory would have been observed had the current
study participants been intoxicated. For instance, Acheson and colleagues [62] found that an
acute alcohol challenge impaired semantic (verbal) and figural (spatial) memory, with
impairment depending on the age of the subjects; young adults (21–24 years) were more
impaired relative to an older group (25–29 years). Given that IQ, vocabulary and
visuospatial perception did not differ between groups, these data suggest that pre-existing
differences in cognitive functioning were unlikely, and that verbal learning is uniquely
sensitive to the neurotoxic effects of binge drinking, whereas spatial learning is relatively
spared between bouts of intoxication. It will be important for future studies to determine if
verbal memory decrements are persistent by longitudinally investigating if continued binge
drinking further impacts memory, if memory impairments recover with prolonged
abstinence and if verbal memory impairments are predictive of risk for the manifestation of
later alcohol use disorders.
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Abbreviations

ANOVAs analyses of variance

AUD alcohol use disorders
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AUDIT Alcohol Use Disorders Identification Test

BALs Blood alcohol levels

BD binge drinker

BDI Beck Depression Inventory

BIS Barratt Impulsivity Scale

BSMSS Barratt Simplified Measure of Social Status

CVLT California Verbal Learning Task

DSM–IV Diagnostic and Statistical Manual

FAS fetal alcohol syndrome

IQ intellectual ability

LD light drinker

MR magnetic resonance

NE northeast

ns not significant

NW northwest

SCID-I/NP Structured Clinical Interview for Diagnostic and Statistical Manual Non-
Patient Edition

SD standard deviation

SE southeast

SES socioeconomic status

STAI Spielberger Trait Anxiety Inventory

SW southwest

TLFB Time Line Follow-Back

WASI Wechsler Abbreviated Scale of Intelligence

WMS Wechsler Memory Scale

WMT Water Maze Task

YAACQ Young Adult Alcohol Consequences Questionnaire
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Figure 1.
Average percent distance in target quadrant during learning (hidden) trials on the WMT, in
LD (open circles, dashed lines) and BD (closed squares, solid line). * p< .05.
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Figure 2.
Average total number of words correctly recalled during learning (1–5) trials on CVLT, in
LD (open circles, dashed line) and BD (closed squares, solid line). * p< .05.
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Table 1

Demographic, clinical, and alcohol use data

Demographic BD (n=22) LD (n= 29) p-value

 Age 22.1 ± 1.3 21.5 ± 1.7 ns

 Body Mass Index 23.8 ± 2.6 22.4 ± 3.0 ns

 Years of Education 15.1 ± 1.2 14.6 ± 1.5 ns

 Socioeconomic Status 54.8 ± 9.3 49.9 ± 10.8 ns

 Family History of Alcoholism FH + (n=7)
FH − (n=15)

FH + (n=8)
FH − (n=21)

Clinical

 Beck Depression Inventory Total 2.3 ± 3.0 2.7 ± 4.9 ns

 Spielberger Trait Anxiety Inventory-State 1.5 ± 0.4 1.5 ± 0.5 ns

 Spielberger Trait Anxiety Inventory-Trait 1.6 ± 0.4 1.6 ± 0.4 ns

 BIS-Total 57.2 ± 8.2 55.8 ± 10.3 ns

 YAACQ-Total 7.5 ± 5.2 2.7 ± 3.9 <.001

Alcohol Use

 Age of first onset 17.1 ± 1.7 18.0 ± 2.0 .15

 Days since last use 6.0 ± 4.9 12.8 ± 14.6 .03

 Recent use (# drinks) 5.2 ± 2.2 2.3 ± 1.2 <.001

 Avg. # of days of drinking/week, past 3 months 1.8 ± 1.1 0.8 ± 0.7 <.001

 Avg. # drinks consumed/week, past 3 months 12.9 ± 14.5 1.7 ± 1.9 <.001

 Peak drinking age 19.8 ± 1.3 19.4 ± 1.7 .08

 Estimated Blood Alcohol Level 0.10 ± 0.05 0.01 ± 0.02 <.001

 AUDIT 8.5 ± 4.0 3.0 ± 1.9 <.001

Data represent mean values ± SD. Abbreviations: BIS, Barratt Impulsivity Scale; YAACQ, Young Adult Alcohol Consequences Questionnaire
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Table 2

CVLT Performance

CVLT Measure BD (n=22) LD (n= 29) p-value

 Trial 1 7.7 ± 1.6 9.0 ± 2.5 .04

 Trial 2 10.6 ± 2.8 12.0 ± 2.2 .05

 Learning Slope 1.7 ± 0.6 1.2 ± 0.4 <.005

 List B 8.0 ± 2.5 8.2 ± 2.7 ns

Short Delay

  Free Recall 12.9 ± 3.0 13.4 ± 2.6 ns

  Cued Recall 13.4 ± 2.9 13.9 ± 2.0 ns

Long Delay

  Free Recall 13.7 ± 2.4 14.0 ± 2.2 ns

  Cued Recall 13.7 ± 2.5 13.9 ± 2.3 ns

Recognition

 Hits 15.2 ± 1.2 15.8 ± 0.4 .02

 False alarms 0.81 ± 1.5 0.75 ± 1.5 ns

 Misses 0.81 ± 1.2 0.21 ± 0.41 .02

Semantic Clusters (chance adjusted)

 Trial 1 1.3 ± 0.3 1.6 ± 0.5 .04

 Trial 2 10.6 ± 2.8 12.0 ± 2.2 .05

 Total Trials 1–5 2.7 ± 3.4 3.0 ± 4.0 ns

Data represent mean values ± SD. CVLT, California Verbal Learning Task.
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