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Abstract

Objective—Compared to non-bingers, binge drinkers are more likely to drive while intoxicated.
The extent to which binge frequency impacts confidence in driving and subsequent driving
impairment is unknown. This study compared the effects of an experimenter-delivered alcohol
binge on subjective impairment and simulated driving ability in female High and Low Frequency
bingers.

Methods—Female drinkers were assigned to High Frequency (n=30) or Low Frequency (n=30)
binge groups based on their Alcohol Use Questionnaire responses. At 30-minute intervals within a
two-hour period, participants received either a placebo drink (n=15 per group) or a 0.2 g/kg dose
of alcohol (n=15 per group; cumulative dose 0.8 g/kg). Self-reported impairment, driving
confidence, and simulated driving were then measured.

Results—Self-reported confidence in driving was significantly lower after alcohol than after
placebo in Low Frequency but not High Frequency bingers. Self-reported impairment and
collisions during simulated driving were significantly greater after alcohol than after placebo in
both Low Frequency and High Frequency bingers.

Conclusions—The impairing effects of a single alcohol binge on driving ability in females are
not influenced by binge frequency. However, high binge frequency may be associated with a less
cautious approach to post-binge driving.
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Introduction

Binge drinking is a hazardous behavior that is steadily increasing within the United States
(Naimi et al., 2003). It has been linked to unsafe sexual behavior, assaults, falls, injuries, and
automobile crashes (Wechsler et al,, 1994, 1998). Binge drinking is a common occurrence
on college campuses, with 44% of college students identifying themselves as binge drinkers
(Wechsler et al., 2000). Though generally associated with college-aged individuals, binge
drinking extends well into adulthood, with a reported 75% of binge episodes involving
adults over 25 years of age (Naimi et al. 2003).

According to the National Institute on Alcohol Abuse and Alcoholism (NIAAA; 2004), an
alcohol “binge” is a pattern of drinking that produces a blood alcohol concentration of
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0.08%, typically corresponding to five drinks for men and four drinks for women, consumed
within a 2-hour period. Binge drinking differs from regular drinking in that it is
characterized by the consumption of large amounts of alcohol within a short time, followed
by any length of abstinence (Townshend and Duka, 2005). However, there is no consensus
in the epidemiological data on the definition of a “binge drinker” (Herring et al., 2008).
Recent studies have typically characterized binge drinkers according to their frequency of
binge episodes, defining a binge drinker as an individual who has consumed 5 or more
drinks in one sitting at least once in the past two weeks (Wechsler and Nelson, 2006) or 30
days (Marczinski and Fillmore, 2009).

Much criticism surrounds the NIAAA definition’s ability to differentiate social and
potentially problematic drinking (DeJong, 2003; Dimeff ef al., 1995; Perkins, 2002). Some
researchers argue that the purpose of a binge measure is for “public health surveillance” (i.e.
categorizing a behavior but not labeling a behavior) and not to diagnose alcohol use
disorders (Wechsler and Nelson, 2006). Individuals who begin drinking early in adolescence
and continue to escalate their binge intake and frequency are most at risk for abuse and
dependence (Chassin ef al., 2002). The frequency of binges may influence not only the
trajectory leading to alcohol misuse, but may also lead to increases in risk-taking behavior
following drinking. Reporting frequent patterns of bingeing coincides with a greater
incidence of alcohol-related negative consequences, including driving while intoxicated and
DUI arrests, compared to reports by non-bingers (Presley and Pimentel, 2006). A binge
score (i.e., a measure designed to look at the pattern of drinking) may be a more accurate
way of linking alcohol use to future abuse and dependence (Townshend and Duka, 2002), as
the act of engaging in an NIAAA defined alcohol binge in itself is not adequate to develop
alcohol use and abuse problems.

Binge drinking has long been a behavior associated with males, but recent data show binge
drinking is steadily increasing in females. From 1993-2001, there was a 4% increase in
American college-aged women reporting frequent binges. During this time period females
reported significant increases in excessive binge intake, intoxication, and episodes of
drinking with the intention to become intoxicated (Wechsler et al., 2002). Women
experience greater impairment as a result of alcohol consumption than men (Witt, 2007).
This greater impairment may be accounted for by less body water available for alcohol
distribution in women, and lower levels of alcohol dehydrogenase (Perkins, 2002). These
differences account for women experiencing more rapid intoxication and higher blood
alcohol levels than males consuming the same amount of alcohol (Ham & Hope, 2003).
Thus, the risks and impairments associated with binge drinking may be relatively greater in
women than in men.

Binge drinking leads to impaired driving in an estimated 80% of cases (Quinlan et al.,

2005). According to the National Highway and Safety Administration (1998), approximately
two thirds of traffic fatalities due to alcohol intoxication were caused by drivers with breath
alcohol concentrations greater than 0.08%. Thus, drinking alcohol in a binge manner (i.e.
consuming alcohol in a short amount of time and reaching a blood alcohol concentration of
= 0.08%) may be a predominant cause of driving related accidents. A recent survey found
that 88% of respondents who reported alcohol-impaired driving engaged in binge drinking

in the past 30 days (Flowers et a/., 2008). Additionally, binge drinkers are 14 times more
likely to drive while under the influence of alcohol than nonbingeing individuals (Naimi et
al. 2003).

Despite evidence linking binge drinking to alcohol-impaired driving, the reason why binge

drinkers are more likely to drive while intoxicated is poorly understood. One possible
explanation for driving while intoxicated is underestimation of intoxication by the driver
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(Beirness, 1987), a phenomenon characteristic of binge drinkers. When compared to non-
bingers, individuals bingeing once per week report feeling less impaired by alcohol, despite
no significant group differences in alcohol-induced impairment on psychomotor tasks
(Brumback et al., 2007). Other studies have found that compared to non-binge drinkers,
binge drinkers reported a greater willingness to drive following an acute dose of alcohol
(Marczinski et al., 2008; Marczinski and Fillmore, 2009), though both groups exhibited the
same amount of alcohol-induced simulated driving impairment. These differences between
regular binge drinkers and individuals with a rare or non-existent binge history suggest that
an increased frequency of binge drinking episodes coincides with reduced feelings of
intoxication after alcohol consumption.

The goal of the present study was to determine the influence of binge frequency on
simulated driving behavior and subjective ratings of impairment and driving confidence in
females after consumption of alcohol. The study used a randomized, between subjects,
placebo-controlled design to compare the behavioral effects of an experimenter-controlled
alcohol binge in High Frequency versus Low Frequency binge drinkers. Participants
received either placebo or an alcohol dose of 0.8 g/kg, administered in a binge-like manner
(i.e., four 0.2 g/kg drinks over a 2-hour time period) to assess impaired driving at a breath
alcohol concentration (BrAC) of 80mg/100ml (0.08%), the legal limit for impaired driving
in each of the United States. We hypothesized that Low and High Frequency binge drinkers
would be similarly impaired by alcohol on a task of simulated driving, but the High
Frequency binge drinkers would report feeling less impaired and more confident in driving
after a simulated binge.

Sixty healthy women between the ages of 21 and 29 years participated in this study (mean
age = 23.8, SD = 2.4). This sample included 9 African-Americans, 1 Asian, 1 Native-
American, and 49 Caucasians. Participants were recruited from the community via
television, radio, and internet networking site advertisements soliciting females who drank
alcohol at least once per month. Exclusion criteria included current illicit or psychoactive
drug use within the past six months, self-reported Axis | psychiatric disorder, 1Q less than
80, recent head trauma, and pregnancy. Hazardous drinkers were excluded as determined by
a score greater than 12 on the Alcohol Use Disorders Identification Test (AUDIT; Babor et
al., 2001). During the initial phone screen, participants were classified as either High
Frequency or Low Frequency binge drinkers by the numerical score derived from their
responses to the final three questions of the Alcohol Use Questionnaire (Mehrabian and
Russell, 1978). These questions quantify the number of drinks consumed per hour, the
number of times drunk (loss of coordination, nausea, and/or ability to speak clearly) in the
past 6 months, and the percentage of times that drinking leads to intoxication. High
Frequency binge drinkers were defined by a score = 24 (Townshend and Duka, 2002). Low
Frequency binge drinkers had scores < 24 and reported only one NIAAA defined binge
session per month in the past three months. After phone screening procedures, participants
were invited to the laboratory for a screening visit. The study protocol was approved by the
Wake Forest University School of Medicine Institutional Review Board and all participants
gave informed consent.

General Procedure

The screening visit and testing visit were held on two consecutive days for the majority of
participants. During the first visit, participants were administered the modified Structured
Clinical Interview for DSM-IV Axis | Disorders (SCID; First el al., 2001) and the Wechsler
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Abbreviated Scale for Intelligence (WASI; Psychological Corporation, 1999). Additionally,
urine samples were collected to test for the presence of illicit drugs (Multi-drug 6 line urine
screen; Innovacon, Inc, San Diego, CA) and pregnancy (QuickVue; Quidel, San Diego,
CA). A positive test result for either drug use or pregnancy excluded the individual from
participation. All participants were given instructions in completing the test battery, and
practiced each of the tasks (described below).

All Low and High Frequency binge drinkers eligible for participation following the
screening visit returned to the laboratory for the second testing day. Upon arrival, a urine
sample was collected and tested for the presence of illicit drugs and for pregnancy.
Additionally, an expired air sample was collected and tested to verify the absence of alcohol
(Intoxilyzer SD-5; CMI Inc., Owensboro, KY). Each participant was randomly assigned to
either the placebo or alcohol group. This randomization yielded four groups: 1) High
Frequency binge drinkers receiving placebo (/7=15); 2) High Frequency binge drinkers
receiving alcohol (/7=15); 3) Low Frequency binge drinkers receiving placebo (/=15); and 4)
Low Frequency binge drinkers receiving alcohol (7=15). The study design was double
blinded. Participants were administered placebo or alcohol beverages and then completed
the test battery. All subjects completed the entirety of the screening and testing visit alone,
to minimize any influence of peers on behavior and to maintain participant confidentiality.

Alcohol Administration—All participants were informed that they would be receiving a
total of four beverages, either placebo or alcohol, over a two-hour period. Beverages
containing alcohol were composed of 0.2 g/kg (adjusted for specific gravity) of 95.0%
alcohol added to tonic water for a total volume of 8 0z; all beverages were delivered in
opaque Styrofoam cups covered with an opaque lid and were consumed through a straw. All
alcohol concentrations were reduced by 8% to adjust for alcohol metabolism in females
(Hindmarch et al., 1991). Placebo beverages were of equal volume but consisted only of
tonic water, with alcohol on the lid and straw to provide olfactory and gustatory cues of
alcohol. Each participant was allowed 10 minutes to drink each beverage and 20 minutes for
absorption. After the 20 minute absorption period, a new beverage was delivered by the
experimenter. After delivery of the final beverage, expired breath alcohol measurements
were taken (INTOXILYZER 5000, CMI, Inc., Owensboro, KY) and the testing battery was
administered. Expired-air samples were taken before the cognitive test battery and every 20
minutes after testing to monitor BrAC levels. After completion of the test battery,
participants reaching an expired breath alcohol level of <0.03% and satisfactorily
completing a field sobriety test were allowed to leave the laboratory with a previously
appointed designated driver.

Visual Analog Scale (VAS)—Each visual analog scale consisted of a question below
which a 100-mm horizontal line indicated a range of responses from “not at all” to
“extremely.” Questions included: “I feel impaired” and “I am confident in operating a
vehicle.” Participants indicated their answer to each question by drawing a vertical line
perpendicular to the horizontal line. Scores were calculated as the distance in millimeters
from the left edge of the scale to the intersecting line drawn by the participant (0-100).

Simulated Driving Task—The STISIM Drive™ (Systems Technology, Inc., Hawthorne,
CA) is a personal computer-based interactive driving simulator designed to represent a range
of psychomotor, divided attention, and cognitive tasks involved in driving. Participants drive
through a nine mile course encompassing urban and rural areas with moderate to high traffic
while obeying all traffic laws. To provide performance contingencies and motivation for
attentive driving, a $20 bonus was given to participants who finished the course in 16.5
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minutes or less. However, $2 was subtracted from this bonus for each error. Errors were
defined as off-road accidents, collisions, pedestrians hit, speed exceedances, speeding
tickets, traffic light tickets, stop sign tickets, centerline crossings, and road edge excursions.

Data Analysis

Results

Age, 1Q, and average drinks per week were analyzed using 2 x 2 analyses of variance
(ANOVA) with binge frequency (Low/High) and dose assignment (alcohol/placebo) as
factors. Chi Square analysis (white vs. nonwhite) was used to compare racial distribution
across the High and Low Frequency groups. Within each binge frequency category, Mann-
Whitney Rank Sum tests were used to compare the alcohol and placebo groups’ median
drinks per hour, total times drunk in the past six months, and percent of drinking episodes
leading to intoxication. Breath alcohol concentrations were analyzed using a 2 x 2 mixed
model ANOVA with binge frequency (Low/High) as a between-subjects factor and time
(pre/post testing) as a repeated factor. VAS scores, driving bonus earned, and selected
driving errors were analyzed using 2 x 2 ANOVAs with binge frequency (Low/High) and
dose (alcohol/placebo) factors. To minimize the number of tests while allowing for
identification of specific behavioral impairments, only the four most frequently occurring
simulated driving errors across all subjects were selected for analyses. One participant's data
was not included in driving data analyses due to experimenter error. Bonferroni post hoc
pair-wise comparisons were made after each significant interaction and considered
significant at p= 0.05.

Group Demographics

A main effect of binge frequency on age revealed that the High Frequency group was
significantly older than the Low Frequency group, A1,56) = 8.41, p< 0.01 (Table 1). There
was neither a significant main effect of dose assignment nor a significant binge frequency/
dose assignment interaction effect on age. There were no significant main effects or
interactions of binge frequency or dose assignment on 1Q or drinks consumed per week. Chi
Square analysis found no significant differences in racial distribution between the High and
Low Frequency groups. Within the Low Frequency binge group, mean drinks per hour, total
times drunk in the past six months, and percent of drinking episodes leading to intoxication
did not differ as a function of dose assignment. Within the High Frequency binge group,
mean drinks per hour and total times drunk in the past six months did not differ as a function
of dose assignment. However, the High Frequency bingers assigned to the placebo group
reported a significantly higher percentage of drinking episodes leading to intoxication
(median = 50%) than the High Frequency bingers assigned to the alcohol group (median =
20%), U=53.5, m = m, = 15, p< 0.05 (Table 1).

Breath Alcohol Concentrations

Breath alcohol concentrations (BrACs) were significantly lower after simulated driving than
before simulated driving, A1,28) = 11.00, p< 0.01. There was no significant main effect of
binge frequency on breath alcohol concentrations. However, there was an interaction effect,
H1,28) = 11.26, p< 0.01, with a significant decrease in BrAC over time in the High
Frequency binge group but not in the Low Frequency binge group (Figure 1).

Subjective Effects (VAS)

There were no main effects of binge frequency on any scale. On the impairment scale, mean
(x SD) scores after alcohol (60+24 in Low Frequency group, 49425 in High Frequency
group) were significantly greater than scores after placebo (919 in Low Frequency group,
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24+14 in High Freqguency group, A1,56) = 57.51, p< 0.001. There was a significant binge
frequency/dose interaction, ~(1,56) = 6.64, p< 0.05, but post hoc analyses found results no
different from the main effect of dose. Ratings of confidence in driving were significantly
lower after alcohol than after placebo, A1,56) = 21.94, p< 0.001. There was an interaction
of binge frequency and dose, with significantly lower ratings after alcohol vs. placebo only
in the Low Frequency binge drinkers, A1,56) = 4.40, p< 0.05 (Figure 2).

Simulated Driving

The four most common errors were speed exceedances (40% of errors), speeding tickets
(17%), collisions with other vehicles (15%), and centerline crossings (12%). There were
neither significant main effects of binge frequency nor interactions of binge frequency and
dose on these measures or on driving bonus earned. Alcohol increased collisions with other
vehicles, A1, 55) = 4.48, p< 0.05, and centerline crossings, A1, 55) = 10.38, p< 0.01,
regardless of binge frequency (Figure 3). The main effect of dose on driving bonus earned
approached statistical significance, A1, 55) = 3.56, p= 0.06. That is, across binge frequency
conditions, the mean (+ SD) driving bonus earned was lower after alcohol ($1.10+$3.95)
than after placebo ($3.60+$6.02).

Discussion

This study aimed to clarify the risks of binge drinking by quantifying behavioral differences
between High and Low Frequency binge drinkers after an alcohol binge or placebo. The data
supported the hypothesis that compared to placebo, High and Low Frequency binge drinkers
would make a similar number of errors on a test of simulated driving after an alcohol binge.
Furthermore, the Low Frequency group reported feeling less confidence in their simulated
driving after alcohol than after placebo. However, contrary to our hypotheses, High
Frequency binge drinkers did not report less subjective impairment than Low Frequency
bingers after alcohol nor did they report feeling more confident in operating a vehicle.

These findings may have specific relevance to traffic safety, as driving while intoxicated
remains a prevalent problem. Compared to Low Frequency bingers who received placebo,
Low Frequency bingers who received alcohol reported significantly less confidence in
operating a vehicle. However, in High Frequency binge drinkers, there was no significant
difference in driving confidence between placebo and alcohol conditions. Given this finding,
individuals in the Low Frequency group may have been sensitive to the subjective impairing
effects of alcohol and thus reported feeling significantly less confident in operating a
vehicle. Conversely, the High Frequency binge drinkers may not be sensitive to the
impairing effects at a breath alcohol level of 0.08% that would normally signal an inability
to operate a vehicle.

The availability of a $20 driving bonus and time limit served to simulate a rushed commute.
Although the time limit may have encouraged speeding, participants were penalized $2 for
each error. Thus, while participants in this paradigm may drive in a rushed manner, they
must simultaneously drive as safely as possible to avoid being penalized for any errors.
Alcohol use is associated with increased driving speed (Stoduto et al., 1993; McGwin and
Brown, 1999). However, moderate drinkers administered a dose of alcohol producing a
BrAC of 0.08% may display some caution in driving, compared to individuals receiving a
lower dose of alcohol (Burian et al., 2002). The present results are consistent with other
evidence that binge drinkers underestimate intoxication (Beirness, 1987) and may be more
likely than moderate drinkers to choose to drive—and drive rapidly—after drinking.

The discrepancy in reported driving confidence between the High and Low Frequency binge
groups after alcohol may be related to differences in breath alcohol levels. Comparisons of
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the two groups at pre and post-testing (approximately 45 minutes apart) showed no
significant change in expired breath alcohol levels for the Low Frequency binge group. The
High Frequency group, by comparison, experienced a significant drop from 0.09% mean
breath alcohol to 0.07%. These data suggest that the observed decrease in driving confidence
in Low Frequency binge drinkers after alcohol may be associated with their sustained breath
alcohol from pre to post-testing. In contrast, the High Frequency group's significant drop in
breath alcohol levels may account for the lack of significant change in driving confidence
between placebo and alcohol conditions. Given that they report greater instances of being
drunk (a perceptual state that would normally require a breath alcohol level of 0.08% or
above; Kerr et al., 2006) than the Low Frequency group, the High Frequency group may be
more tolerant to the impairing effects felt at this level of alcohol intoxication.

Moreover, differences in the frequency of binges between groups may help clarify the
dissimilar subjective effects observed after alcohol. Although both the High and Low
Frequency groups reported equal weekly alcohol consumption, they are likely consuming
the alcohol in different patterns, reflected in the differences in the binge scores between the
groups. High Frequency binge drinkers report a greater number of instances drunk in the
past 6 months and a higher percentage of instances of drinking to intoxication. It is possible
that the Low Frequency group is spreading their alcohol consumption out so that they are
consuming moderate levels across several days, while limiting their binge episodes to once
per month. These findings support previous research suggesting that the pattern of drinking
is important in determining alcohol risk, including driving after drinking (Midanik, 1999;
Presley and Pimentel, 2006).

Several limitations of the experimental design warrant discussion. First, we did not recruit a
comparison group of males. Binge frequency may not influence the behavioral effects of
alcohol in men in the same manner, based on differences in alcohol metabolism that cause
females to reach higher breath alcohol levels from consumption of an equal amount of
alcohol as men and research that suggests differences in negative behaviors between genders
post-alcohol consumption (Kelly-Weeder, 2008). However, a recent study including both
genders revealed the same disconnect between subjective intoxication and simulated driving
performance when comparing binge and non-binge drinkers (Marczinski and Fillmore,
2009). Future research should compare the behavioral effects of alcohol on males with low
and high frequency of binge drinking.

The second limitation involves the alcohol delivery schedule. The current study controlled
for the rate and amount of alcohol consumption. Each subject was given 10 minutes to
consume the drink, with 20 minutes for absorption before delivery of the next drink. This
delivery schedule may not accurately portray the bingeing habits of the subjects, particularly
college-aged participants. Other studies acknowledge that college students notably drink
well above the NIAAA-defined “binge” threshold by using higher drink-per-session cutoff
points to distinguish binge drinkers from social drinkers. These high cutoff points (males/
females) include 7/6, 10/8, and 15/12 drinks per occasion (Read et al., 2008; White et al.,
2006). Allowing ad libitum consumption of alcohol in a controlled environment may reveal
additional group differences, as High and Low Frequency bingers may consume alcohol in a
differing manner in an effort to control intoxication level.

Finally, the role of neurobiological effects of binging was not directly quantified in this
study. Several studies have suggested that the frequency of binges may lead to alterations in
neurobiology and, subsequently, behavior. Repeated exposure to ethanol is associated with a
wide range of neurological detriments, most notably of the prefrontal cortex. For example,
compared to nonbinge drinkers, binge drinkers have shown impairment on such prefrontal
tasks as Tower of London (Hartley et al., 2004), Spatial Working Memory (Townshend and
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Duka, 2005), and the lowa Gambling Task (Goudriaan et al., 2007). Thus, differences
observed between the High and Low Frequency binge groups may be related to alcohol-
induced deficits of the prefrontal cortex.

Conclusion

Longitudinal studies suggest that repeated binges result in deficits in decision making in
tasks such as the lowa Gambling Task (Goudriaan et al., 2007). The present study suggests
that these deficits may manifest in instances where individuals choose whether to drive after
drinking. The implication is that repeated binge exposure leads to changes in the perception
of impairment that would normally signal an inability to drive, while actual behavioral
tolerance to alcohol does not develop. This constitutes a hazard not only to the intoxicated
drivers, but also to members of the public who may be driving alongside them.
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Figure 1.

Mean expired breath alcohol levels, before and after behavioral testing, of the 30
participants (15 Low Frequency Bingers, 15 High Frequency Bingers) who received alcohol.
* Significant difference pre- vs. post-testing within High Frequency Bingers, p < 0.05
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Figure 2.

Participants' responses to Visual Analog Scales administered after alcohol. Among Low
Frequency but not High Frequency bingers, confidence in driving was significantly lower
after alcohol than after placebo (*p < 0.05).
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Figure 3.
Driving errors after alcohol and placebo. Alcohol increased collisions (A) and centerline
crossings (B) in both the High and Low Frequency groups (main effect of alcohol, p < 0.05).
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