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Abstract

Alcohol intoxication often results in negative consequences; however, specific behavioral and subjective effects vary as a function of individual
differences. The present study utilized an alcohol challenge paradigm to examine whether heavy binge social drinkers (HD; n="77), compared to
light social drinkers (LD; n=55), exhibit: (1) greater tolerance in psychomotor task performance under the influence of alcohol, and (2) differential
perceptions of the impairing effects of alcohol. The study included three test sessions in which participants consumed either a low (0.4 g/kg) or a
high (0.8 g/kg) dose of ethanol or a placebo beverage administered in random order and counterbalanced within group. Participants completed the
Digit-Symbol Substitution Task (DSST) and the Grooved Pegboard at pre-drink baseline and at multiple time points after beverage consumption.
They also completed a scale of perceived impairment at several intervals after beverage consumption. Ethanol impaired performance at the high
dose, but not at the low dose (ps <.001). The groups exhibited similar alcohol-induced impairment. However, HD reported lower self-perceived
impairment compared to LD, particularly during the early portion of the blood alcohol curve when actual impairment was most pronounced
(p<.001). Thus, this study extends prior research in that habitual binge social drinking does not appear to be associated with tolerance to alcohol’s
impairing effects on select psychomotor skills. Further, results may have implications for alcohol-related harm as binge social drinkers regularly

consume intoxicating doses of alcohol but may not be aware of the physical and cognitive impairments produced by alcohol.
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1. Introduction

Acute alcohol intoxication results in diminished cognitive
and psychomotor abilities, which have important implications
for public health and safety. For example, it is well established
that the risk of automobile accidents increases dramatically
when the driver consumes alcohol (Williams, 2006). In fact,
alcohol-related deaths comprised 39% of traffic fatalities in
the US in 2005 (NHTSA, 2007). While most statutory lim-
its for driving are set at blood alcohol concentrations (BACs)
of 0.08 g/dl and higher, human laboratory research has shown
that BACs above 0.05 g/dl significantly impair performance
on some motor tasks such as tracking, tapping, reaction time,
and body sway (Mitchell, 1985; for reviews see Eckardt et al.,
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1998; Finnigan and Hammersley, 1992). Alcohol levels >0.05
have also been shown to impair more cognitively demanding
psychomotor tasks such as inhibiting responses in a go/no-go
task (e.g., Fillmore et al., 2005), and responding correctly in
paradigms employing unrelated choice-response tasks for left
and right hands simultaneously (e.g., Schweizer et al., 2004). In
general, sensitivity to the impairing effects of alcohol is relative
to the complexity of the psychomotor task, so more demanding
tasks may be hindered by alcohol at lower levels than easier
tasks (e.g., Hindmarch et al., 1991).

In addition to psychomotor impairment, alcohol affects cog-
nitive processes such as perception and judgment. Moderate
doses of alcohol (0.5-0.8 g/kg) have been shown to increase con-
fidence in performance on a general knowledge test (Tiplady
et al., 2004), and to decrease judgments of the probability of
negative versus positive consequences (Fromme et al., 1997).
Furthermore, BACs as low as 0.07 reduce social drinkers’ ability
to estimate their BACs and their fitness to drive a car (Beirness,
1987). Taken together, these studies demonstrate that moderate-
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to-heavy alcohol consumption alters judgment, reasoning, and
decision making that could put drinkers at risk for serious harm
and related consequences.

There is a long history of research over the past 80 years
examining motor and performance-related behaviors during
acute intoxication and non-intoxicated states in persons of vari-
ous drinking backgrounds, from abstainers to moderate drinkers
to alcoholics (e.g., Hollingsworth, 1923, 1924; Goldberg, 1943;
Ekman et al., 1964; Mitchell, 1985; Dengerink et al., 1978).
These studies have shown that the heaviest and most experi-
enced drinkers often demonstrate behavioral tolerance or lesser
impairment to alcohol than lighter drinkers or very infrequent
drinkers. These findings are consistent across many studies on
measures of sensory perception, memory tasks, psychomotor
tasks, and steadiness of gait or body sway. Subjective responses
after drinking may also differ in very heavy drinkers compared
to novice or light drinkers, with the former group anticipating
less intoxication and underestimating post-drinking intoxica-
tion levels relative to the latter group (Gabrielli et al., 1991).
However, on other responses, such as divided attention skills,
very heavy drinkers are not more tolerant to alcohol’s impairing
effects compared to novice drinkers (see Mitchell, 1985).

More recent research over the past decade has focused on
comparing alcohol impairment within a more tightly defined
range of drinking, namely heavier or lighter nonalcoholic social
drinkers. Some of these studies have supported the results of
the past studies, with experienced social drinkers exhibiting
less alcohol impairment than less-experienced drinkers, as mea-
sured by the pursuit rotor task (Fillmore and Vogel-Sprott, 1995,
1996) and the Pegboard and Digit-Symbol Substitution Task
(DSST) (Evans and Levin, 2004). However, other studies have
not supported behavioral tolerance in heavier social drinkers, as
measured by eye movement tasks and event-related potentials
(Ramchandani et al., 2002) and in cognitive tasks such as pat-
tern matching and spatial recognition (Weissenborn and Duka,
2003). The variability in results across studies may be due to
several factors, including small sample sizes, lack of parallel
self-report measures of impairment, and widely ranging defini-
tions for heavy social drinking, which has been determined by
duration of drinking (2 or more years), drinking quantity (35 or
more weekly drinks) or recent drinking history (e.g., post hoc
determination of the heaviest alcohol consumers over the 28-day
period before testing).

In a recent preliminary study, our group sought to clarify
the issue by comparing alcohol response factors within social
drinkers and by selecting two distinct social drinker groups a
priori. Heavy drinking was defined using a combination of quan-
tity and frequency, as well as habitual alcohol misuse via weekly
“binge” drinking (>5 drinks consumed on an occasion; >4 for
females; SAMHSA, 2005). The comparison group was also well
defined in terms of habitual light social drinking, defined by a
lifetime predominance of consuming one to six drinks weekly
with no or very rare binge drinking occasions. Findings from this
study showed mixed results for behavioral tolerance in the heavy
drinkers, as heavy social drinkers exhibited less alcohol-induced
impairment on a smooth pursuit eye tracking but comparable
impairment on the DSST as light drinkers (King and Byars,

2004). Moreover, heavy drinkers showed more sensitivity to
impairment on the latency to initiate saccadic eye movements
than light drinkers, but this was observed only at a low dose
of alcohol (0.4 g/kg) and not a high dose (0.8 g’kg) (King and
Byars, 2004). While this preliminary investigation had strengths
in examining various responses to multiple doses of alcohol
(and placebo) in two well-defined groups of social drinkers,
limitations were similar to prior studies, with a modest sam-
ple size (n=34) and lack of concurrent assessment of subjects’
perception of impairment.

The goal of the present study was to examine both psy-
chomotor performance responses and self-rated perceptions of
impairment in two well-defined groups of young adult social
drinkers: habitual heavy binge and light social drinkers. The
main study question was whether binge social drinkers would
show evidence of behavioral tolerance to alcohol’s effects
on psychomotor performance compared to their light-drinker
counterparts, and if so, would this response be dose- or time-
dependent? Based on prior studies, we hypothesized that a
high alcohol dose (0.8 g/kg) would produce significantly more
impairment on two psychomotor tasks than a low dose (0.4 g/kg)
or placebo beverage. We also predicted that heavy drinkers
would underestimate alcohol’s impairing effects by reporting
lower perceived impairment than light drinkers.

2. Method

2.1. Participants

Healthy male and female study candidates, aged 21-35 years, were recruited
through flyers, advertisements in local Chicago newspapers, websites, and by
word-of-mouth referrals. Subjects for this study were taken from the larger,
ongoing Chicago Social Drinking Project (CSDP), an experimental and longi-
tudinal study of social drinkers and risk for alcohol problems. Two groups were
recruited for CSDP and were based on predominant lifetime adult drinking pat-
terns (i.e., at least the last 2 years or longer). Heavy social drinkers (HD) were
nonalcoholic persons who regularly consumed 10 or more drinks weekly and
had regular (1-5 times weekly) occurrences of “binge” drinking (>5 drinks on
one occasion, >4 drinks for females). These patterns were selected to be consis-
tent with prior studies on heavy social drinkers and are reflective of patterns that
likely produce intoxication and some loss of control on a regular basis (King and
Epstein, 2005; King and Byars, 2004; King et al., 2002). Light social drinkers
(LD) drank fewer than six drinks weekly with rare or no “binge” drinking his-
tory. Drinking patterns were determined by the Quantity-Frequency Index (QFT;
Cahalan et al., 1969) and a Timeline Follow-Back interview (TLFB; Sobell and
Sobell, 1995; Sobell et al., 1979).

Interested candidates were screened over the telephone for basic study
inclusion criteria, including a body mass index between 19 and 30, no major
current medical or psychiatric condition, and specific alcohol use patterns.
Those persons who met the basic criteria were subsequently invited for an
in-lab screening session, where they underwent a physical examination by a
resident physician, a pregnancy test (females only), a urine toxicology test,
a blood test to examine blood chemistry and liver functioning, a diagnostic
interview, and several psychosocial and health history questionnaires. The ques-
tionnaires included the Beck Depression Inventory (BDI; Beck et al., 1961),
State-Trait Anxiety Inventory (STAI; Spielberger et al., 1970), and the Short
Michigan Alcoholism Screening Test (SMAST; Selzer et al., 1975). The diag-
nostic interview included the screening portion of the Structured Diagnostic
Interview for the DSM IV (SCID; First et al., 1995), as well as specific mod-
ules for mood and substance use disorders. Participants were excluded if they
were taking any psychotropic medications, had any major medical or psychiatric
conditions including past or current alcohol or substance dependence (history
of alcohol abuse permitted), scored outside of standard cutoff thresholds on
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the questionnaires, or had a positive urine toxicology screening (except for
marijuana).

Family history (FH) for alcohol use disorders was also obtained at baseline
by a two-generation family tree to include all primary and secondary biologi-
cal relatives. When participants identified a family member with an alcohol use
disorder, they were asked follow-up questions consistent with the FH-RDC for
drinking consequences (Andreasen et al., 1977). Because we enrolled partici-
pants without regard to FH, there was considerable variability in the number of
relatives with alcohol use disorders. In order to include as many participants as
possible in secondary analyses using FH classifications, a broad definition of
FH+ was employed which included those persons with two or more secondary
biological relatives or one or more primary relative identified with an alcohol
use disorder. FH— was defined as having no biological relatives with alcohol
use disorders in the last two generations. Participants who could not be clas-
sified on family history, due to insufficient information provided or only one
secondary relative with an alcohol problem, were excluded from these analyses
(35 subjects, or 26% of the sample).

2.2. Procedure

During the screening session, participants signed informed consent, which
was approved by the University of Chicago Institutional Review Board. To
reduce potential alcohol expectancy effects, participants were informed that
they might receive a stimulant, sedative, alcohol, or placebo or any combina-
tion of these during their three experimental sessions. All participants actually
received (on separate sessions) a placebo beverage (1% volume of ethanol as a
taste mask), a low alcohol dose beverage (0.4 g/kg), and a high alcohol dose bev-
erage (0.8 g/kg), in random order and counterbalanced within group. The drinks
were prepared with Kool-Aid®, water, Splenda®, and the appropriate dose of
190-proof ethanol based on body weight. Adjustments were made for women
to receive an approximate 90% dose for that of men due to differences in total
body water affecting blood alcohol concentrations (Frezza et al., 1990; Sutker et
al., 1983). A separate coder prepared the beverages so that the research assistant
was kept blind to the beverage content.

Each participant completed three early evening 4-5h laboratory sessions
separated by at least 48 h, which were conducted in a comfortably furnished
room with a television and reading materials. They were instructed to abstain
from alcohol and recreational drugs for 48 h before each session, and to abstain
from caffeine, food, and cigarettes for 3 h prior to each session. Upon arrival,
they were interviewed to assess compliance with these alcohol, drug, caf-
feine, food, and smoking abstinence requirements. The participant arrived at
the laboratory between 15:00 and 17:00h and underwent a pregnancy test
(if female), a breathalyzer test, and a random urine toxicology test at one
of the three sessions. After the participant completed pre-session measures,
he or she consumed a low-fat snack (20% daily calories) to avoid hunger
effects on mood state and to help reduce the potential for alcohol-induced
nausea.

Thirty minutes after arriving, the participant completed baseline question-
naires and performance measures. Approximately 45 min after arriving, the
participant consumed the assigned beverage through a straw from a plastic,
lidded cup, in order to help conceal the scent and identification of the alcohol
content. Prior to consuming the beverage, he or she was again reminded that the
drink could contain alcohol, a stimulant, a sedative, a placebo, or some combi-
nation of the substances. The participant had 5 min to consume one half of the
beverage, followed by a 5-min rest period, and then another 5 min to consume
the second half of the beverage. Similar beverage administration procedures
have been used in the past and have shown reliable rising and declining blood
alcohol curves across participants (King and Epstein, 2005; King and Byars,
2004; King et al., 2002). All three sessions were identical with the exception
of beverage alcohol content. The participant then completed the performance
measures, questionnaires, and breathalyzer readings at 15, 45, 105, and 165 min
after consuming the beverages. The questionnaire of perceived impairment was
administered at 15 and 165 min after completion of the beverage consumption.
These two intervals were chosen to avoid complacency with multiple measure-
ments while capturing the early rising BAC as well as the latter excretion phase
of alcohol metabolism. Participants were allowed to read or watch selected emo-
tionally neutral videos during the session when study measures were not being
recorded. At the end of each session, the participants were transported home.

The participants were debriefed at the end of the study and were mailed a check
for US$ 200 (US$ 50 per session plus a US$ 50 bonus for compliance) within
2 weeks after study completion.

2.3. Dependent measures

Objective measures of impairment were obtained through two performance
tasks. The DSST (from WAIS-R; Wechsler, 1981), which is a pencil and paper
psychomotor task, measures perceptual-motor processing speed. Participants
were given 90 s to complete as many items as possible and scores were based
on the number of correct items coded in the time allowed. This task has been
shown to be sensitive to drug and alcohol-related impairment (e.g., Holdstock
and de Wit, 2001; Doty et al., 1997). Five different but equivalent forms were
used so that within each session participants completed each form only once to
reduce order and learning effects.

The Grooved Pegboard (Lafayette Instruments, Lafayette, IN), a test of motor
speed and fine motor coordination, followed the DSST at each time point. This
test has been used for evaluation of lateralized brain damage in neuropsycho-
logical test batteries. It has also been used as a general test of motor speed and
fine motor coordination and has been shown to be sensitive to alcohol-induced
impairment (e.g., Ramchandani et al., 1999, 2002). The test requires partici-
pants to quickly retrieve, rotate, and insert 25 small metal pegs into 25 slotted
holes with random orientations on a board. Each participant completed the task
using only the non-dominant hand. Two dependent measures are derived from
this test, including the time in seconds for correct positioning of all pegs and the
number of pegs dropped. To reduce a potential confound of early learning effects
on performance, candidates practiced the task 1-2 times during the screening
session (Ramchandani, personal communication).

Participants completed three self-rated items of perceived impairment at 15
and 165 min after drink completion. Item 1: “how impaired do you think you
are at present?”, item 2: “how unsafe do you think it would be to drive an
automobile at present?”, and item 3: “if I were at work now, others might think
I was intoxicated or behaving unusually” with 10-point rating scales for each,
anchored at 1 for “not at all” and 10 for “extremely”.

2.4. Statistical analyses

Participant characteristics were compared between HD and LD groups using
Student’s r-tests for continuous variables or x? tests for categorical variables.
Analyses for the primary dependent variables used raw scores at each time
point before and after beverage consumption. Mixed linear models were used
to evaluate the main effects of dose, time, and group effects as well as their
interactions for performance (Pegboard time and DSST number correct), self-
rated perceived impairment, and BAC. Confirmatory analyses were conducted
using change scores, which were derived by subtracting each post-beverage
measure from its respective within session baseline measure. The presence of
drops in the Pegboard task, which was a binary variable, was analyzed using
a generalized mixed linear model with a logit link function. Factors that dif-
fered between the groups or that have been shown to relate to psychomotor
response in prior research, such as FH, were included in subsequent analyses to
examine their influence on alcohol-induced performance impairment. Multiple
linear regression was used to examine the relationship between self-rated and
actual impairment. The criterion of p <.05 was used to determine significance
of statistical tests.

3. Results

3.1. Background characteristics

There were 138 participants who enrolled in the study. How-
ever, six participants did not complete all experimental sessions
due to various factors, including schedule conflicts (n=4), an
adverse response (n=1), and a positive drug test (n=1). There-
fore, the final sample consisted of 132 participants, with n="77
in the HD group and n =55 in the LD group. Background and
drinking characteristics are listed in Table 1. The HD had signif-
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Table 1
Participant characteristics

Light drinkers Heavy drinkers

(n=55) (n=77)
General
Age (year) 25.76 (0.463) 25.18 (0.361)
Education (year) 16.32 (0.282) 15.72 (0.152)"
Race (% caucasian) 43 (719%) 46 (60%)"
Sex (% female) 36(65%) 34(44%)"
Family history
FH+ 24 (44%) 32 (42%)
FH— 17 (31%) 24 (31%)
Alcohol drinking
Days drinking/week 1.46 (0.111) 3.58 (0.140)""
Drinks®/occasion 1.98 (0.001) 6.14 (0.452)""
Drinks/week 2.81(0.228) 20.87 (1.36)™
Binges®/month 0.11 (0.019) 9.51 (0.539)"
Duration of bingeing® (years) - 7.77 (0.380)
SMAST score 0.22 (0.077) 0.95 (0.14)™

Note. Data are mean (S.E.M.) or N (%). SMAST: Short Michigan Alcoholism
Screening Test (range 0—13; >3 indicates alcohol problem).

4 Drink based on standard definition of one drink: 12 oz beer, 50z wine, or
1.5 oz liquor.

b Binge criteria were >5 drinks per occasion for males and >4 drinks for
females.

¢ Number of years of monthly or more frequent intoxication. An insufficient
number of LD reported any bingeing history so means were not calculated.
* p=.05.
* p<.0l.

s

icantly more drinking occasions per week, drinks per occasion,
and binges than the LD. The average duration of bingeing on a
monthly or more frequent basis for HDs was 7.77 £0.38 years.

3.2. Main dependent variables

3.2.1. BAC. As expected, alcohol increased BAC levels in
both HD and LD groups. Similar to prior research, the HD
achieved higher BAC levels than LD after the low and high dose
[group x time: Fs(4,516) > 4.66, ps <.001; Table 2]. Post hoc
tests revealed that the HD had significantly higher BAC levels
during the rising limb of the BAC (15-30 min for low dose and
15—45 min for high dose, p <.01) compared to the LD.

3.2.2. Performance measures. The top row of Fig. 1 depicts
Pegboard performance (i.e., time to complete) for each group
at each dose across time. Analyses indicated that alcohol
impaired performance on the Pegboard at the high dose of
alcohol [dose x time: F(8,1040)=11.7, p <.001 (Tukey’s HSD:
high >low = placebo)]. In both groups, Pegboard performance
was relatively stable after consumption of the placebo and
the low dose beverage. However, after the high dose of alco-
hol, impairment was evident at all time points except at the
final time point (165 min). Pegboard performance did not dif-
fer between the HD and LD groups, as neither main effect
nor interaction terms were significant. High dose alcohol, but
not the low dose, also significantly increased the incidence of
Pegboard drops [dose x time: F(8,1040)=2.67, p<.01], with
significant increases in drops occurring at 15, 45, and 105 min
[Xz(l) >10.58, ps <.001]. As with Pegboard time, there were

Table 2
BAC data for low (0.4 g/kg) and high (0.8 g/kg) dose of alcohol
Time after drink (min) Mean BAC (g/dl)
Light drinkers Heavy drinkers
Low dose
15 0.035 (0.002) 0.042 (0.001)"
30 0.036 (0.002) 0.040 (0.001)"
45 0.034 (0.001) 0.037 (0.001)
105 0.019 (0.001) 0.019 (0.001)
165 0.006 (0.001) 0.004 (0.001)
180 0.003 (0.001) 0.001 (<0.001)
High dose
15 0.074 (0.002) 0.084 (0.002)"
30 0.082 (0.003) 0.090 (0.002)"
45 0.082 (0.002) 0.092 (0.002)"
105 0.070 (0.002) 0.074 (0.002)
165 0.053 (0.002) 0.057 (0.002)
180 0.048 (0.002) 0.049 (0.002)

Note: Data are mean (S.E.M.). A time point for BAC was included at 30 min to
capture the acute changes during the rising limb. Note that performance was not
assessed at that interval. Post hoc analysis of linear mixed model, “p <.01.

no differences between the groups on incidence of Pegboard
drops [x*(1) < 1.22, ns.

Alcohol also impaired performance on the DSST at the high
dose [dose x time: F(8,1040)=2.67, p<.001 (Tukey’s HSD:
high > low = placebo); bottom row of Fig. 1]. Similar to the
Pegboard, DSST performance (number of items correct) was
relatively stable throughout the placebo and low dose sessions.
After the high dose, impairment was evident throughout test-
ing except for the last time point. As with Pegboard, the groups
showed similar alcohol-induced impairment. Finally, analyses
using change scores for both tasks confirmed the main analy-
ses stated previously with raw scores [dose x time: Pegboard,
F(6,780)=8.16, p<.001; DSST, F(6,780)=28.25, p<.001].

After controlling for variables that differed between groups
including years of education, sex, and BAC, results did not
change for either the Pegboard or the DSST as both groups
continued to show similar impairment. In terms of order
effects, regardless of dose, participants performed better at
their second and third sessions compared to their first session
[Fs(2,393) > 11.64, ps <.001]. Analyses controlling specifically
for the order in which participants received the high dose did
not alter the results of the main analyses. That is, regardless of
the order in which the high dose was received, alcohol pro-
duced comparable impairment on Pegboard task and on the
DSST [time: Fs(4,504) > 31.08, ps <0.001]. Finally, secondary
analyses of the influence of FH showed that alcohol affected
performance similarly in the broadly defined FH+ and FH—
groups. After controlling for FH, the main study findings were
not altered.

3.2.3. Self-rated responses. Fig. 2 illustrates the mean scores
of the self-rated response items by dose. LD reported higher rat-
ings than HD on item 2 (ability to drive an automobile) and
item 3 (if other’s would detect impairment) at the first time
interval following low dose alcohol, and on items 1 (overall
impairment), 2, and 3 at both post-drinking intervals following
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Fig. 1. Mean scores for Pegboard (time to complete task, top row) and DSST (number correct, bottom row) (=S.E.M.) for LD and HD at baseline and all post-beverage
consumption time points during each of the three doses separately. Alcohol impaired performance at the high alcohol dose but not the low dose. There were no

differences between the groups.

high dose alcohol [group: Fs(1,130) >4.75, ps <.05; post hoc
pairwise comparisons, ps <.05; Fig. 2, middle graph and right
graph]. After consuming either dose, subjects self-rated impair-
ment for item 2 higher than for items 1 or 3 [Fs(2,260) > 33.41,
ps<.001; post hoc pairwise comparisons: item 2 > item 1 =item
3]. Since there was a high intercorrelation among the three items
[rs(130) > 0.71, ps <.001], ratings for the three items were aver-
aged to form a single composite perceived impairment index for
subsequent regression-based analyses.

3.2.4. Association between perceived and actual performance.
After controlling for group, sex, and family history of alco-
holism, the perceived impairment index score was significantly
associated with actual performance impairment on the DSST
at both post-beverage intervals [15 min: 8(S.E.)=—0.20 (0.09),
p<.05; 165 min: B(S.E.)=—-0.19 (0.09), p <.05], and with the
Pegboard at the latter interval [165 min: B(S.E.)=0.22 (0.09),
p <0.01]. Both the LD and HD groups showed a similar positive
relationship between perceived and actual impairment.

3.2.5. Dose-masking manipulation check. Finally, since oral
alcohol administration may contain cues such as taste and smell
than can be only partially masked, a supplemental manipulation
check analysis was performed. Actual performance impairment
on DSST and Pegboard and self-rated impairment were com-
pared in participants who identified alcohol as the only substance
received (42% of LDs and 47% of HDs; Xz(l) =.27, ns) versus
those who did not (i.e., identified another substance either with or
without alcohol). Results showed that there was no difference in
actual or self-rated performance impairment in those who solely
identified alcohol versus those who did not [actual performance:
Fs(1,130) <2.77, ns; self-rated impairment: F(1,130) < .66, ns].

4. Discussion

This study demonstrated that heavy social drinkers, cate-
gorized by their persistent and predominant adult pattern of
drinking and regular bingeing, exhibited comparable alcohol-
induced impairment to that of light social drinkers in such areas
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Fig. 2. Mean scores of self-rated impairment items (4S.E.M.) for LD and HD groups at each dose. X-axes indicate time since the completion beverage. “*p <.001;

*p<.01; 2p=.06: indicate HD reported significantly less impairment than LD.
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as fine motor and dexterity skills (Pegboard) and processing
and encoding functions (DSST) following consumption of a
moderate-to-heavy dose of alcohol (4-5 standard drink equiv-
alent). These results replicate findings pertaining to the DSST
from our prior study of a smaller overall sample (34 partici-
pants; King and Byars, 2004), and extend these results to the
Pegboard task. In addition, the HD reported significantly lower
self-rated perception of alcohol’s impairing effects than LD,
even though they were actually equally impaired by alcohol.
These effects were noted even after controlling for BAC level,
and other potential confounds, such as sex, education level, or
FH.

Repeated exposure to alcohol may result in behavioral
tolerance, that is, a neuroadaptive process resulting in dimin-
ished response to alcohol after short-term (acute) or long-term
(chronic) consumption (Kalant et al., 1971). Individuals who
persistently drink alcohol to the point of intoxication may gain
experience under the influence of alcohol, and previous research
supports that this experience can translate into tolerance through
physiological compensation and cognitive control (e.g., Zack
and Vogel-Sprott, 1995; Kalant, 1998). Contrary to past research
demonstrating that heavier drinkers exhibit behavioral tolerance
in cognitive and behavioral domains, the current study indicates
that heavy binge social drinkers show similar cognitive-motor
performance impairment after alcohol compared to their light-
drinking counterparts. These results are similar to a recent study
showing that after drinking alcohol, binge social drinkers were
either equally or even more impaired on memory tasks compared
to non-binge social drinkers (Weissenborn and Duka, 2003). The
current findings may also be a reflection of the group definitions
used in this study which utilized strict criteria based on drink-
ing experience and bingeing behavior that resulted in distinct
drinking groups without co-existing Axis I disorders.

While both groups showed similar degrees of psychomo-
tor impairment, the perception of impairment was significantly
lower in the chronic binge social drinkers than in the light
drinkers. Heavy drinkers self-rated lower perception than light
drinkers of their impairment level, ability to drive an auto-
mobile, and whether they thought others would perceive their
behavior as affected. These items require one to utilize intero-
ceptive cues and to apply their perceptions to external contexts.
Heavier drinkers have been shown to exhibit more alcohol-
induced positive-like euphoric effects and reduced sedative-like
effects after compared with light social drinkers, and these mood
effects may play a role in their judgments of intoxication level
(Holdstock et al., 2000; King et al., 2002). Others have sug-
gested that heavier drinkers may deny the effects of alcohol when
reporting perceived impairment (e.g., Gabrielli et al., 1991). Itis
also possible that heavy binge social drinkers judge interoceptive
cues from alcohol intoxication to be less severe because they are
more familiar with them. Thus, while it has been demonstrated
that social drinkers under the influence of alcohol poorly esti-
mate risk, performance, and intoxication levels (Tiplady et al.,
2004; Fromme et al., 1997; Beirness, 1987), the current study
indicates that regular binge drinking in particular is associated
with lower awareness of alcohol-induced motor and cognitive
impairments.

These findings may have particular clinical relevance and
public safety implications. The peak impairment occurred within
1h of consuming a dose of alcohol that put participants at or
above the legal BAC limit for driving an automobile in the
United States. Experienced habitual binge drinkers may have
false beliefs in their behavioral tolerance to psychomotor impair-
ing effects of alcohol as indicated by their self-rated impairment.
We may speculate that this could render them at greater risk for
engaging in dangerous activities such as driving after drinking
possibly resulting in harm to themselves and others. Lighter
non-bingeing social drinkers appear to be at lower levels of risk
after drinking as they rated their impairment levels significantly
higher than heavy binge social drinkers. The difference in aware-
ness of impairment under the influence of alcohol may be a
direct result of one’s experience under the influence of alcohol
and one’s drinking habits given that actual performance on two
psychomotor tasks were comparable.

Some potential limitations in the study should be noted.
First, peak BACs were higher in HD than in LD, which may
be due to differences in pass metabolism to increase alcohol
bioavailability or to metabolizing enzymes in the liver (such
as CYP2E1), which can be increased by chronic heavy drink-
ing (Lieber, 1994). Although the BAC levels (between groups)
were statistically significant, they are unlikely to be clinically
significant since they were of a small magnitude and analyses
controlling for BAC did not alter the main study findings. Sec-
ond, while the high dose clearly impaired performance, which
supports prior research, the low alcohol dose did not affect per-
formance for either group. Peak BACs for the low dose session
were <0.04, but past research in general social drinkers indi-
cates that behavioral impairment is typically recorded at BACs
>0.05 (Mitchell, 1985). Thus, future dose-ranging studies of
alcohol to produce BACs at or above this level would provide
an extension of the present results at more distinct subthresh-
old intoxication levels. Third, since the study used oral dosing,
expectations regarding alcohol consumption and subsequent
behavioral consequences could not be completely eliminated
(Fillmore and Vogel-Sprott, 1996). However, precautions were
taken to limit such cue-related expectancies and analyses indi-
cated that performance and self-rated impairment was similar in
those participants who believed they received alcohol alone ver-
sus those who believed they received another substance either
with or without alcohol. Finally, because there are no vali-
dated instruments of self-rated perceived alcohol impairment,
we derived several self-rated impairment items based on face
validity. While similar measures have been used in the past,
they are idiosyncratic and make it difficult to compare findings
across studies.

In conclusion, the present study demonstrated that habitual
binge social drinkers show comparable alcohol-induced behav-
ioral impairment but less self-rated perception of impairment
than their light social drinking counterparts. This result was
evident even after controlling for the effects of BAC levels,
dose order, sex, education, and family history of alcoholism. On
novel cognitive-motor tasks, more experienced heavy drinkers
appear to be similarly affected by alcohol as less-experienced
light drinkers. Given that they report less perceived alcohol-
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induced impairment than lighter drinkers despite similar levels
of impairment, they could be at even greater risk for accidents
stemming from poor judgments while intoxicated. The findings
warrant continued research on risky drinking behavior, with par-
ticular interest in persistent heavy drinking at non-dependent
levels.
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