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ABSTRACT 

 

Bernosky-Smith MA, Kimberly 

 

BEHAVIORAL RESPONSE TO ALCOHOL IN BINGE DRINKERS 

Dissertation under the direction of                                               

Anthony Liguori, Ph.D., Associate Professor of Physiology and Pharmacology 

 

Binge drinking is a hazardous behavior that is associated with a multitude of 

deleterious effects for the individual. Studies suggest that binge drinkers may be more 

likely than non-bingers to experience the immediate negative consequences of alcohol 

consumption. The present series of studies was designed to examine the behavioral 

response to alcohol in binge drinkers. Furthermore, we sought to determine how within-

session drinking patterns contributed to subsequent behavior.  

 The first aim was to determine how a laboratory-administered alcohol binge 

affected behavior in frequent versus infrequent binge drinkers. Alcohol impaired driving 

ability to the same degree in both groups of binge drinkers as compared to placebo. The 

infrequent binge drinkers reported feeling less confident in their ability to operate a 

vehicle after alcohol as compared to after placebo. The frequent binge drinkers, however, 

exhibited no significant difference in reported confidence between alcohol and placebo. 
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Frequent binge drinkers may be more likely to drive after drinking due to their inaccurate 

perception of driving ability.   

 The second aim was to assess differences in the pace of alcohol drinking between 

frequent and infrequent binge drinkers. Additionally, we sought to determine the 

influence of pace of drinking on subsequent behavior. A fast pace of drinking was 

associated with increased mean speed on the driving simulator, number of collisions, and 

reported confidence in driving. Binge drinkers’ heightened risk for hazardous driving 

while intoxicated may be a product of their rapid drinking. 

 The third aim was to determine the effect of a priming dose of alcohol on 

subsequent drinking and behavior in binge drinkers. Participants who received a priming 

dose of alcohol did not significantly differ from placebo in the dose of alcohol consumed 

within an ad libitum drinking session. Excessive alcohol may result from the lack of 

influence prior alcohol consumption exerts on ad libitum drinking. 

 Taken together, these studies show that reducing the deleterious effects of 

bingeing should target specific strategies to decrease the frequency of binge episodes, the 

fast drinking of alcohol and pre-gaming before drinking. 
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CHAPTER I 

INTRODUCTION 

Alcohol Epidemiology 

Alcohol is the most widely used psychoactive licit substance in the United States, 

only second to caffeine (Julien, 2001). Between two thirds and 90% of US adults have 

used alcohol at least once within their lifetime (American Psychiatric Association [DSM-

IV-TR], 2000). Of those individuals that use alcohol, 64% report regular use (Dawson, 

2000); and 5% of regular users report heavy drinking (Centers for Disease Control, 

2004). Heavy drinking is defined as two or more drinks per day for males and one or 

more drinks daily for females (Dawson et al., 2005). Despite alcohol’s widespread use 

and availability, the current lifetime risk of abuse or dependence is only 8.5% (Grant et 

al., 2004). This low risk of dependence suggests that not all individuals are at equal risk 

of excessive and problematic drinking.  

Much research has been devoted to identifying risk factors for alcohol abuse and 

dependence. One well-known predictor for the development of alcohol use disorders is 

having a first-order relative with a positive history of alcohol abuse (Heath et al., 1997). 

Another predictor for future abuse and dependence is subjective response to an acute 

alcohol exposure (Holdstock et al., 2000). Individuals who are “low responders” must 

consume larger amounts of alcohol than normal populations to achieve a perceivable 

effect (Schuckit and Smith, 2000). Conversely, individuals who report greater stimulation 

from alcohol also report greater drug liking and euphoria and prefer alcohol to placebo 

(de Wit et al., 1987; Chutuape and de Wit, 1994; Duka et al., 1998). Finally, early onset 
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of binge drinking has been associated with the future development of alcohol use 

disorders (Crabbe et al., 2011). Namely, binge drinking that begins early and increases 

over time is associated with elevated risk of dependence and abuse (Tucker et al., 2003; 

Chassin et al., 2002). Binge drinking also has unique effects on the brain and behavior 

that are intensified as compared to general alcohol effects.  

 

Alcohol and the Brain 

Alcohol Pharmacology and Pharmacokinetics. Alcohol (ethyl alcohol) is a 

simple two-carbon molecule found in 12 percent concentrations in wine, 3.5 to 5 percent 

in beers, and 40 to 50 percent in “hard” liquors (Julien, 2001). Alcohol is soluble in both 

water and fat, and crosses biological membranes easily (Marco and Kelen, 1990). When 

consumed, alcohol is rapidly absorbed from the intestinal tract, largely by the small 

intestine, which comprises the largest surface area of the gastrointestinal tract (Norberg et 

al., 2003). On an empty stomach, approximately 20% of alcohol is rapidly absorbed 

through the stomach. However, when food is present the pyloric valve closes, confining 

the alcohol within the stomach and slowing absorption time (Jones and Jönsson, 1994). 

The largest portion of metabolism occurs in the liver, where alcohol dehydrogenase 

(ADH) reduces alcohol to acetaldehyde (Lieber, 1991), and roughly 10% of alcohol is 

excreted unchanged through the skin, lungs and urine (Barry and Williams, 1988). The 

unchanged alcohol excreted through the lungs forms the basis of the breathalyzer test 

which samples alcohol levels in expired air.  
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 Alcohol works as a central nervous system (CNS) depressant, by increasing CNS 

inhibition and decreasing CNS excitation. The main neurotransmitter involved in 

inhibition of the CNS is gamma-aminobutyric acid (GABA; Pitzele and Tolia, 2010). 

Endogenously produced GABA binds to GABAA receptors, decreasing cellular 

excitability by allowing an influx of chloride ions to enter the cell. The influx of chloride 

results in hyperpolarization of the post-synaptic neuron, reducing the likelihood of an 

action potential being produced. Ethanol increases GABA activity; resulting in an 

inhibitory cascade resulting in sedation, motor incoordination and cognition dysfunction 

(Mihic and Harris, 1997). Excitation of the CNS is mediated through glutamate, which 

works at N-methyl-D-aspartate (NMDA) receptors, and is inhibited by ethanol (Nagy, 

2008).  

 Alcohol is a substance that is abused by individuals, suggesting that its effects are 

rewarding. The rewarding effects of a drug are facilitated partially by stimulation of the 

mesolimbic dopamine pathway (Wise and Bozarth, 1985). Alcohol stimulates this 

pathway by causing the release of dopamine from the nucleus accumbens, an area 

thought to mediate the rewarding effects of a drug (Brodie et al., 1999; Rassnick et al., 

1992). Additionally, alcohol appears to increase certain opioid peptides, which have been 

correlated with the increase of reported drug-induced euphoria (Roberts et al., 2000). The 

opioid antagonist naloxone, which blocks the release of certain opioid peptides and 

dopamine release from the accumbens, also decreases alcohol self-administration in 

animals (Benjamin et al., 1993). Similarly, the medication naltrexone has been shown to 

blunt the stimulating effects of alcohol in humans, and decreases alcohol administration 

across drinkers (Anton et al., 2004). 
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 Acute intoxication. Acute alcohol intoxication is associated with detriments in 

cognitive and psychomotor abilities. The Diagnostic and Statistical Manual of Mental 

Disorders (DSM-IV-TR) provides 4 criteria describing alcohol intoxication: 1) recent 

ingestion of alcohol; 2) clinically significant maladaptive behavioral or psychological 

changes developing during or shortly after alcohol ingestion, including inappropriate 

sexual or aggressive behavior, mood lability, impaired judgement, or impaired social or 

occupational functioning; 3) clinical signs developing during or shortly after alcohol 

ingestion, including slurred speech, incoordination, unsteady gait, nystagmus, impairment 

of attention or memory, or stupor/coma; and 4) lack of a general medical condition or 

other mental disorder that better accounts for the signs and symptoms (American 

Psychiatric Association, 2000). The degree of intoxication produced by alcohol is 

dependent upon the amount consumed and the breath alcohol concentration (BrAC) 

reached by the individual (Charness et al., 1989).  

  

Alcohol and Driving 

Direct effects of alcohol on driving behavior. Injuries due to motor vehicle 

accidents are the leading cause of death for individuals aged 1-34 years (CDC, 2000). 

Alcohol is involved in nearly 40% of traffic-related deaths (The National Highway Safety 

Administration; NHTSA, 2004). The NHTSA (2009) approximates that nearly two thirds 

of traffic fatalities due to intoxication were caused by drivers with breath alcohol 

concentrations exceeding 0.08 g/dl. To encourage safety on the roads, especially in young 
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individuals, the legal limit for driving now stands at 0.08 g/dl in all 50 of the United 

States (Wagenaar et al., 2007). 

Alcohol is known to impair driving ability, as well as psychomotor tasks related 

to driving. Alcohol slows reaction time (Holloway, 1995), decreases hand steadiness 

(Laberg and Löberg, 1989), reduces inhibitory control (Fillmore, 2003) and impairs 

pursuit rotor tracking (Harrison and Fillmore, 2005). Alcohol impairs effective steering 

and braking beginning at blood alcohol levels of 0.05 g/dl (Liguori et al., 1999; Harrison 

et al., 2007). Additionally, evidence suggests that individuals may engage in riskier 

driving at breath alcohol levels below the lower limit than at higher BrACs (Burian et al., 

2002). These data suggest that driving after any amount of alcohol may be unsafe for 

both the driver and other individuals on the road.  

Alcohol effects on behavioral components governing driving behavior.  

Cognition. Acute alcohol exposure causes detriments to various aspects of human 

cognition (Williams and Skinner, 1990) including visual attention (Post et al., 1996), and 

verbal and spatial learning (Mungas et al., 1994). Acute alcohol has also been associated 

with risky decision-making on a gambling task (George et al., 2005). These acute effects 

on decision-making likely arise from alcohol’s effects on the prefrontal cortex. One 

longitudinal study found that repeated alcohol exposure over time might affect cognitive 

abilities. Specifically, alcohol dependent individuals show greater deficits in cognitive 

flexibility, problem solving, and decision making as compared to nondependent 

individuals (Moselhy et al., 2001). 
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Impulsivity. Impulsivity represents a multitude of behaviors, including difficulty 

withholding responses, inability to delay gratification, impairments in time estimation 

and increased risk-taking (Lynam and Whiteside, 2001). Data have suggested a link 

between impulsivity and alcohol consumption, in that individuals scoring high on 

measures of both state and trait impulsivity are more likely to have an alcohol use 

disorder (Trull and Sher, 2004). Though the link between impulsivity and alcohol use has 

been established, the question still remains as to whether substance abuse occurs because 

of the individual is impulsive, or if impulsivity results from repeated exposure to 

substances of abuse.  

Studies of detoxified alcoholics suggest that impulsivity may derive from heavy 

alcohol use. Alcoholics exhibit morphological abnormalities within the brain 

characterized by ventricular enlargement and cortical atrophy that is most marked within 

the frontal lobes (Moselhy et al., 2001). Additionally, alcoholics show impaired 

performance on tasks of frontal lobe function relative to controls (Townshend and Duka, 

2005). The prefrontal lobes play an important role in behavioral control, and damage to 

them by substances such as alcohol may increase the prevalence of impulsive behaviors. 

Alcoholics discount the value of delayed rewards to a greater degree than controls 

(Mitchell et al., 2005). Similarly, heavy drinking has also been associated with greater 

delayed discounting in nondependent persons (Field et al., 2007; Vuchinich and Simpson, 

1998). Increased impulsivity may be a consequence of prolonged alcohol use, though no 

evidence suggests how much alcohol use is sufficient for measurable differences to 

occur.  
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Of the various constructs of impulsivity, impaired behavioral inhibition has been 

implicated as a vulnerability factor for substance abuse (Verdejo-García et al., 2008). 

Behavioral inhibition refers specifically to an individual’s ability to withhold a prepotent 

response. One theory in the impulsivity literature is that two opposing processes govern 

behavior, one that activates behavior and one that inhibits behavior (Quay, 1997). A 

deficiency in either of the processes determines the level of behavioral control in an 

individual. Deficient behavioral inhibition is considered to be the primary mechanism by 

which alcohol impairs self-control (Fillmore, 2003). Alcohol has been shown to increase 

impulsive responding on tasks of response inhibition (de Wit et al., 2000; Marczinski and 

Fillmore, 2003). Alcohol does not uniformly affect all facets of impulsivity. For example, 

tests of response initiation are affected in a dose-dependent manner, while tests of 

response inhibition and delayed discounting vary across time regardless of dose 

(Dougherty et al., 2008). Thus, to target individuals most at risk for abuse or dependence, 

this dissertation uses tasks measuring behavioral inhibition to determine levels of 

impulsivity.  

Subjective effects of alcohol. Alcohol produces perceived effects in the 

individual in a biphasic manner. Though alcohol is primarily considered a sedative drug, 

it can produce stimulant-like subjective and behavioral effects (Holdstock and de Wit, 

1998). The breath alcohol curve is comprised of two phases: the ascending limb and the 

descending limb. At low doses and as breath alcohol levels are ascending, individuals 

report euphoric and stimulating effects, generally perceived as the rewarding effects 

(Addicott et al., 2007). At higher doses and as breath alcohol levels begin to descend, 

reported subjective effects are generally sedative (Earleywine, 1994).  
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The stimulating effects of alcohol are generally considered more rewarding than 

the sedative effects, though this may not hold true with regards to the anxiolytic effects of 

alcohol (Hendler et al., 2011). At low levels of intake, alcohol induces relaxation and the 

alleviation of anxiety. As levels of alcohol use increase to chronic levels, alcohol 

abstinence induces stress and anxiety, leading to further use and the eventual 

development of dependence to avoid these effects (Mathur and Guo, 2011). Drug taking 

as a means to avoid negative emotional states rather than to experience the rewarding 

effects is thought to represent the transition from impulsive to compulsive drug use 

(Koob, 2004). Ethanol-induced anxiety is considered one of the most prominent factors 

contributing to relapse and dependence (Koob, 2003). 

 Subjective response to alcohol differs in light and heavy drinkers, and may predict 

future alcohol drinking. Heavy drinkers endorse greater stimulant-like effects on the 

ascending breath alcohol limb and report less sedating effects on the descending limb as 

compared to light drinkers (King et al., 2002). These reported subjective effects are 

similar to those experienced by individuals with a family history of alcoholism, and 

comprise the basis of the theory of alcohol abuse predisposition known as the 

differentiator model (Newlin and Thomson, 1990). The differentiator model posits that 

individuals with a stimulant response on the ascending limb and lessened sedative effects 

on the descending limb are more at risk for future abuse and dependence. Among social 

drinkers, greater stimulation and decreased sedation after alcohol consumption predicted 

an increase in future binge drinking episodes. Increased binge episodes in turn were 

associated with a greater likelihood of the individual meeting criteria for alcohol 

dependence (King et al., 2011).  
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Binge Drinking or Heavy Episodic Drinking 

 Definition and epidemiology of binge drinking. The term “binge” was first used 

as a clinical descriptor of alcoholics, to differentiate between continuous drinkers and 

those who would separate the heavy consumption of alcohol with some period of 

abstinence (Tomsovic, 1974). In 1994, the first Harvard School of Public Health Study 

was published, defining binge drinking as the consumption of 5 drinks for males and 4 

drinks for females within a two-hour period (Wechsler et al., 1994). In 2004, the National 

Institute on Alcohol Abuse and Alcoholism (NIAAA) accepted this definition for binge 

drinking, adding that this pattern of drinking typically produced a breath alcohol level of 

0.08 g/dl (NIAAA, 2004). At this time, the NIAAA defined this level of drinking to be 

“clearly dangerous for the drinker and for society.” Because the term binge can 

sometimes refer to extended periods (days, weeks) of heavy drinking (also referred to as 

bouts, benders, or sprees), binge drinking is sometimes referred to as heavy episodic 

drinking for the purpose of clarity.  

 Binge drinking is a behavior generally associated with college-aged populations, 

though it does permeate all ages of the population. Of the 10.8 million underage 

individuals in the United States (12-20 years) who reported past month alcohol 

consumption, 19% were binge drinkers (Substance Abuse and Mental Health Services 

Administration, 2007). Rates of binge drinking are highest among individuals aged 18-25 

years (Naimi et al., 2003). Binge drinking is extremely common among college students, 

with 44% of respondents from 140 colleges reporting binge drinking (Wechsler et al., 

1994). College students tend to drink more heavily than their peers who do not attend 

college (Dawson et al., 2004). College students involved in athletics engage in more 
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binge drinking than non-athletes (Wechsler et al., 1997). Another strong predictor for 

drinking in college is membership in a fraternity or sorority (Turrisi et al., 2006). 

Approximately two thirds of young adults will “mature out” of binge drinking as they 

transition into new adult roles after college (Fillmore, 1988). However, many adults 

continue to binge after college, when binge drinking is not considered as normative. 

Approximately 70% of binge episodes in the United States involve adults over the age of 

25, with 75% of all adult alcohol consumption being in the form of a binge (CDC, 2006). 

Rates of bingeing remain lowest in the age group of 55 years and older (Naimi et al., 

2003).  

 Some epidemiological studies report that men comprise the majority of binge 

drinkers (Cranford et al., 2006; Wechsler et al., 1995). Other studies have shown that 

these gender differences in alcohol consumption are disappearing (Young et al., 2005). 

From 1993-2001, there was an increase in American college-aged women reporting 

frequent binges. During this period, females reported significant increases in excessive 

binge drinking, intoxication and episodes of drinking leading to intoxication (Wechsler et 

al., 2002). Additionally, women experience greater impairment as a result of alcohol 

consumption than men (Witt, 2007). Greater impairment may be accounted for by a 

smaller amount of body water available for dilution of alcohol and lower levels of gastric 

alcohol dehydrogenase in females (Perkins, 2002). These physiological differences 

account for women experiencing more rapid intoxication and higher blood alcohol levels 

than males consuming the same amount of alcohol (Ham and Hope, 2003). Thus, the 

risks and impairments associated with binge drinking may be greater in women than in 

men. 
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 Acute effects of binge drinking. Binge drinking is associated with a multitude of 

deleterious behaviors. In college students specifically, binge drinking is associated with 

class absences, falling behind in schoolwork, lower grade point averages, and fewer 

overall hours spent studying (Wechsler et al., 2002). Binge drinking is also linked to 

antisocial behaviors, such as vandalism and getting into trouble with law enforcement 

while drinking (Wechsler et al., 2002). Binge drinkers are at greater risk of experiencing 

falls, assaults, injuries, and automobile accidents as a result of alcohol consumption than 

non-bingers (Wechsler et al., 1994). Binge drinking also promotes risky sexual behavior, 

including unplanned sexual activity, and lack of protection used during sex (Wechsler et 

al., 2000).  

 Gender differences exist in the harms experienced by the individual as a result of 

binge drinking. Specifically, men are more likely to create public consequences, such as 

damage to others or to property. Women conversely sustain less obvious consequences 

associated with damage to the self (Kelly-Weeder, 2008). Damage to the self includes: 

impaired academic performance, impaired driving, legal consequences, unintended 

sexual activity, sexual coercion, and rape (Perkins, 2002). The U.S. Justice Department 

reported that college-attending women have a one-in-four to one-in-five chance of being 

raped (Fisher et al., 2000). A nation-wide study reported one-in-twenty college aged 

women reported having been raped, and 72% of the victims were intoxicated at the time 

of the assault (Mohler-Kuo et al., 2004). To eliminate the influence of gender on binge 

drinking, study I included a sample of female binge drinkers without a comparison group 

of males. Perhaps the response to binge alcohol exposure is exaggerated in females and 

leads to a greater likelihood of deleterious consequences.  
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Though the idea that individuals who engage in binge drinking do so because they 

are impulsive seems intuitive, it lacks empirical support. Evidence suggests that bingers 

experience greater alcohol-induced disinhibition than their non-bingeing counterparts. 

When administered a 0.65 g/kg dose of alcohol, binge drinkers made more errors of 

commission in a task of behavioral inhibition errors than did non-binge drinkers 

(Marczinski et al., 2007). Furthermore, individuals who exhibited elevated behavioral 

disinhibition following a 0.65 g/kg dose of alcohol consumed the greatest amount of 

alcohol in a later ad libitum session. These data suggest that alcohol-induced disinhibition 

may be a predisposing factor for excessive drinking.  

 Binge drinking is also strongly tied to alcohol impaired driving. Binge drinking 

accounts for 80% of cases of impaired driving (Quinlan et al., 2005). A recent survey 

found that 88% of respondents who reported alcohol-impaired driving engaged in binge 

drinking in the past 30 days (Flowers et al., 2008). Additionally, binge drinkers are 14 

times more likely to drive after drinking than non-bingers (Naimi et al., 2003). Of 14,085 

binge drinkers, nearly 12% reported driving within two hours of their most recent binge 

episode. In this study, individuals who had been drinking at a nightclub or bar accounted 

for 54% of those driving after bingeing (Naimi et al., 2009). Because binge drinking is a 

risk factor for alcohol impaired driving, a goal of this dissertation was to assess driving in 

binge drinkers after various doses of alcohol and to compare driving performance with 

reported attitudes toward driving.  

Issues regarding the definition of binge drinking. Much contention surrounds 

the definition of binge drinking, and multiple definitions continue to pervade the 

literature. It is important to note that definitions of binge drinking are not the same in 
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every country. For example, the United Kingdom defines a binge as the consumption of 

8+ units in men and 6+ units in women (Department of Health, 2007). In addition, the 

amount of alcohol in a standard drink varies between countries as well (Turner, 1990). 

Within the United States a standard drink is any drink that contains 0.6 fluid ounces of 

pure alcohol. This is equivalent to: 12 ounces of beer, 8.9 ounces of malt liquor, 5 ounces 

of table wine, 3-4 ounces of fortified wine, 2-3 ounces of cordial, 1.5 ounces of 80-proof 

spirits (Kerr et al., 2009).  

As studies of binge drinking typically rely on accurate recall of drinks consumed, 

it is difficult for individuals to correctly identify the amount of alcohol consumed, 

especially if the drink was not pre-mixed or measured. For example, an individual may 

consume three 16-ounce pints of beer at a bar after work, and report having consumed 

three drinks when in reality the actual amount consumed was equivalent to four standard 

drinks. If this beer was marketed at a domestic brewery, the alcohol content would likely 

be 5% alcohol by volume. However, this amount of alcohol would be further increased if 

the beer consumed was manufactured at a microbrewery. Microbrewed beers can contain 

up to 20% alcohol by volume in some cases (Logan et al., 1999). Therefore, simply using 

diary measures to assess binge-drinking history may provide inaccurate information.   

 When examining individual studies of binge drinking, there is no consensus on 

what constitutes a binge drinker. Nearly all studies classify binge drinkers as individuals 

who have consumed 5/4 (for men and women, respectively) drinks in one sitting during 

some time frame. This time frame ranges from the past week (Kokavec and Crowe, 

1999), past two weeks (Wechsler et al., 1994), past 30 days/month (Okoro et al., 2004; 

Zeigler et al., 2005), or past six months (Hartley et al., 2004). Within these studies, the 
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frequency or intensity of binge episodes are rarely quantified. By these definitions, an 

individual who regularly consumes ten drinks each Friday and Saturday night and an 

individual who consumes four drinks in two hours once per month would be classified 

together under the umbrella term “binge drinker.”  

 College students notably drink at levels far exceeding current binge guidelines. 

Recent studies have used higher cut-off points to differentiate between social drinkers 

and binge drinkers. These high cut-off points include 7/6 (Read et al., 2008) 10/8, and 

15/12 (White et al., 2006) drinks per occasion for males and females respectively. A 

recent epidemiological study found that binge drinkers aged 18 and up reported 

consuming an average of eight (median six) drinks during their last binge episode. In this 

study of 14,143 binge drinkers, 70% consumed six or more drinks in their most recent 

binge, and 38% consumed eight or more drinks (Naimi et al. 2010). Using low cut-off 

points of 5/4 drinks in a sitting to classify binge drinkers may distract from heavier and 

more dangerous levels of alcohol use and insinuates that any consumption under this 

level is safe (DeJong, 2003). 

Binge drinking cut-off points do not take into account factors influencing the 

absorption and metabolism of alcohol. These factors include the weight of the subject, the 

time period in which the drinks were consumed, and food intake before or during the 

binge (DeJong, 2003). In reality, smaller doses of alcohol may produce the same 

behavioral and health hazards in individuals of low body weight, or altered metabolic 

activity, or who rapidly consumed their alcohol. A study of young adults in Montana 

found that 48% of individuals who would be identified as binge drinkers by the 5/4 
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criterion failed to reach breath alcohol levels exceeding 0.08 g/dl during drinking 

occasions (Perkins et al., 2001). 

 Using the current definition for binge drinking, bingers and non-bingers would 

likely differ based on absolute alcohol intake. However, when binge drinkers were 

compared to non-bingers, each group reported consuming a similar amount of alcohol 

(Townshend and Duka, 2002). The difference between regular and binge drinking in the 

prior study was the pattern of alcohol consumption. The authors of this study suggest the 

use of a binge score to quantify pattern of drinking, rather than simply recall of quantity 

of alcohol intake. The binge score used by these authors was derived from the final three 

questions of the alcohol use questionnaire (AUQ; Mehrabian and Russell, 1978). These 

questions quantify the number of drinks an individual consumes per hour, episodes 

“drunk” in the past six months, and the percentage of drinking episodes leading to 

intoxication. These questions help determine the frequency and severity of binge 

drinking. Also, using questions pertaining to drunkenness helps individuals to better 

assess the number of times they drank excessively rather than simply reporting quantity 

of alcohol consumed on a particular occasion. Rather bingeing is operationalized closer 

to the lay description: “drinking alcoholic beverages with the primary intention of 

becoming intoxicated by heavy consumption of alcohol over a short period of time” 

(Crabbe et al., 2011). 
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Components of Problem Drinking 

Binge Frequency. As the frequency of bingeing increases, many problems arise 

for the individual with regards to both physiology and behavior. Frequent bingeing is 

associated with specific damage to brain function and mass that has been observed in 

both animals and humans. Animal research has illustrated that an extended binge 

drinking history is not necessary for the development of brain damage. Exposure to an 

ethanol binge results in necrotic neurodegeneration after as little as two days in adult rats 

(Obernier et al., 2002). Specifically, damage from binge ethanol is concentrated within 

the olfactory, forebrain and corticolimbic areas (Collins et al., 1996; Crews et al., 2000).  

As binge frequency increases and the individual reaches criteria for dependence, 

morphological abnormalities can be quantified in the human brain. Human brain imaging 

studies of young alcoholics (Agartz et al., 1999; Sullivan et al., 1995) and older 

alcoholics (Pfefferbaum et al., 1992) show loss of gray and white cortical matter and 

ventricular enlargement. This neuroanatomical damage may be a result of the nature of 

binge drinking, where the brain is exposed to high alcohol levels that return to zero 

during abstinence. Binge drinking then represents multiple detoxifications experienced by 

the individual. This pattern of drinking may be more deleterious than regular heavy 

drinking, where the individual consumes large amounts of alcohol on a daily basis 

(Weissenborn and Duka, 2003). Regular heavy drinking would allow the individual to 

develop neurobiological compensation for the large quantities of alcohol ingested.  

Tasks measuring decision-making suggest that increased binge frequency leads to 

deficits in executive functioning. A two-year longitudinal study compared binge drinkers 
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grouped according to their binge drinking trajectories on a task of decision-making, the 

Iowa Gambling Task (IGT; Goudriaan et al., 2007). In the prior study, binge drinkers 

were divided into four groups: low binge drinkers, stable moderate binge drinkers, 

increasing binge drinkers and stable high binge drinkers. When compared to the low 

binge group, the stable high binge-drinking group made less advantageous choices on the 

IGT. Post-hoc analysis found a relationship between IGT performance and early onset of 

binge drinking. Additionally, within this study, female binge drinkers preferred low 

frequency, high amount punishers as compared to men, which may be perceived as 

riskier choices. Another study found that when compared to non-binge drinkers, female 

binge drinkers exhibited impairment on a task of rule reversal linked to the dorsolateral 

prefrontal cortex (Intra/Extradimensional Shift test; Scaife and Duka, 2009). These data 

suggest that prolonged binge drinking or early binge exposure during a critical time in 

neurodevelopment is associated with less advantageous decision-making, which may be 

more pronounced in females.  

As stated earlier, individuals who escalate their binge intake and frequency are at 

greater risk for future alcohol abuse and dependence (Chassin et al., 2002; Tucker et al., 

2003). The frequency of binges may not only influence the trajectory (i.e. the pattern of 

alcohol consumption as a function of time) leading to alcohol misuse, but may also lead 

to increases in risk-taking 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). Many authors emphasize the importance of using the frequency of 

binge behavior to differentiate social drinking from problematic drinking associated with 
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greater risks. The goal of study I of this dissertation was to assess the influence of binge 

frequency on behavioral response to alcohol.  

Pace of Drinking. One of the hallmarks of problematic drinking is drinking too 

much, too fast (Leeman et al., 2010). The degree of intoxication produced by an alcoholic 

drink is partly dependent on the rate at which it is consumed (Higgs et al., 2008). 

Therefore, slowing the pace of drinking reduces intoxication. Binge drinkers by 

definition consume alcohol in a rapid manner, (e.g. 4/5 drinks for men and women 

respectively in a two-hour time span) leading to increased reported instances drunk. One 

clinical study distinguished alcoholics from non-alcoholics a priori by the gulping of 

alcohol (Nathan et al., 1971). Aside from this early study, little is known about the pace 

of drinking within individuals and if these paces of drinking differ between light and 

heavy drinkers.  

Slowing the pace of alcohol consumption reduces the immediate intoxicating 

effects of alcohol and may be a useful tool for problem drinkers not considering complete 

abstinence from alcohol. As such, numerous studies have investigated the ability of 

naltrexone to slow alcohol consumption in social drinkers (Swift et al., 1994; Davidson et 

al., 1996; King et al., 1997; de Wit et al., 1999; Palfai et al., 1999) heavy drinkers, 

(Davidson et al., 1999; McCaul et al., 2000), and alcoholics (Anton et al., 2004; 

(O’Malley et al., 2002). The perceived effects of alcohol have been reported in as little as 

five minutes after ingestion (Oldendorf, 1992). The abuse potential of a drug increases as 

the length of time between drug taking and perceived effects decreases (Volkow et al., 

1995). Thus, not only does rapid pace of drinking increase the amount of intoxication 
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produced by alcohol, but it may also promote an increased rewarding value of alcohol to 

the individual. 

Slowing the pace of alcohol consumption may not only reduce intoxication, but 

also reduce the risk for serious alcohol dependence problems. A recent animal study 

found that drinking patterns during a month-long training session predicted drinking 

trajectories for the next year (Grant et al., 2008). The frequency that monkeys gulped 

alcohol in bouts during the training session predicted their ethanol intake during free 

access to alcohol. Monkeys who regularly gulped their alcohol went on to become heavy 

drinking monkeys, while those that sipped their alcohol did not. The authors speculated 

that those monkeys who sipped alcohol might have done so to control their level of 

intoxication. These data suggest that differences in drinking patterns may influence future 

abuse and dependence.  

Though patterns of drinking may differ between heavy and light drinkers, no 

study to date has quantified the naturalistic drinking patterns of individuals. The primary 

goal of study II of this dissertation was to determine if drinking patterns differed between 

frequent and infrequent binge drinkers. A secondary goal of study II was to determine if 

pace of alcohol consumption predicted subsequent risk behavior. Though slowing the 

pace of drinking is used as a novel behavioral therapy for controlling levels of 

intoxication, it is unknown if any other benefit of slowing alcohol consumption exists to 

the individual.  

Pre-Drinking or Pre-Gaming and alcohol-induced disinhibition of drinking 

behavior. The consuming of alcohol before a planned drinking event is a behavior 
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commonly engaged in throughout the United States and United Kingdom. “Pre-gaming” 

or “pre-drinking” is described as planned heavy drinking before going to a public 

drinking establishment (Wells et al., 2009). This drinking usually occurs at an 

individual’s home before heading to a nightclub or bar. There are also instances where 

pre-gaming occurs before events where alcohol is not available or unattainable due to age 

restrictions, a practice common among underage drinkers (Pedersen and Labrie, 2007). 

Pre-gaming may derive its name from its association with tailgating. Tailgating 

specifically refers to the heavy consumption of alcohol before a sporting event, and 

generally takes place in the parking lot of the establishment (Vicary and Karshin, 2002). 

A recent study found a link between tailgating and arrest rates. Days when there was a 

college football game that included tailgating had an average of 70 arrests, compared to 

12 on the control Sunday (Merlo et al., 2010). 

A recent study asked individuals to report their motivations for engaging in pre-

gaming. The most commonly cited reason was to avoid high-priced drinks at drinking 

establishments. The second was to “enhance and extend” the night out. The third reason 

was to reduce social anxiety or to enhance group bonding before heading out (Wells et 

al., 2009). Another study reported that the primary reason reported for engaging in pre-

gaming was to get intoxicated as quickly as possible, by consuming shots of alcohol and 

playing drinking games (DeJong et al., 2010). 

A study of young adults in Northern England found that 55% of men and 60% of 

women reported pre-gaming before heading to a pub, nightclub, or bar. In this study, pre-

gamers were more likely than non-pre-gamers to report extremely high levels of alcohol 

consumption and involvement in a fight at the establishment (Hughes et al., 2008). A 
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recent study found that of 334 students referred for an alcohol violation on campus, 31% 

reported engaging in pre-gaming on the night of their referral (Borsari et al., 2007). In the 

prior study pre-drinkers reported higher alcohol consumption than non-pre-drinkers did. 

Another study found a greater incidence of negative consequences in students who 

reported pre-gaming (Usdan et al., 2008). Negative consequences included physical 

illness, memory loss, academic or work consequences, consequences with relationships, 

emotional consequences, trouble with law enforcement or other figure of authority, 

impaired driving, violence, and financial consequences. 

Pre-drinking can be modeled in a laboratory setting by the administration of a 

“pre-load” beverage before a drinking session. Interoceptive cues associated with 

alcohol’s rewarding properties may act as conditioned stimuli and elicit conditioned 

responses. For example, a dose of alcohol given to an alcohol-experienced individual 

may encourage further drinking, a phenomenon known as the priming effect (Rose and 

Duka, 2006). In the clinical literature, the priming effect refers to the chain reaction set 

into motion when one alcoholic drink is consumed and the individual experiences loss of 

control over drinking (Marlatt et al., 1973). This loss of control leads to the consumption 

of large amounts of alcohol, despite the individual’s best intentions to limit their drinking 

to perhaps one or two beverages. Loss of control over drinking behavior is a defining 

characteristic of alcoholics, and may be a mediating factor in the excessive drinking seen 

in binge drinkers.  

Beginning an alcohol self-administration session with a pre-load has been shown 

to increase later drinking in alcoholics (Hodgson et al., 1979). Urge to drink was 

increased in social drinkers (Rose and Duka, 2006), and binge drinkers (Rose and 
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Grunsell, 2008) after the administration of a 0.6 g/kg alcohol pre-load. The latter two 

studies did not measure actual drinking behavior, but rather used questionnaire measures 

of desired amount of alcohol. Additionally, the visual and olfactory cues associated with 

alcohol have been shown to increase ad libitum drinking after a priming dose of alcohol 

(Perkins et al., 2003). The stimulating, but not sedating, effects of a priming dose of 

alcohol have also been positively correlated with ad libitum drinking under a stressful 

situation (Corbin et al., 2008). Though the urge to drink after a pre-load was studied in 

binge drinkers, actual drinking behavior has not yet been quantified. The goal of study III 

of this dissertation was to determine the response to an alcohol prime in binge drinkers.  

Laboratory models of alcohol administration. Laboratories have long used 

alcohol self-administration procedures to determine the effects of alcohol on subsequent 

behavior. The most common method for delivering alcohol is a bolus dosing procedure, 

where the individual consumes one dose of alcohol across one-two drinks that are 

generally consumed in ten minutes or less. In this paradigm, a dose of 0.65 g/kg is 

delivered to reach a peak BrAC of 0.08 g/dl approximately one hour after drinking, and is 

delivered across one-two beverages (Fillmore et al., 2008; Harrison and Fillmore, 2011; 

Marczinski and Fillmore, 2003; Marczinski and Fillmore, 2003; Marczinski et al., 2007; 

Marczinski et al., 2008). Other studies have used a dose of 0.08 g/dl given in a bolus 

fashion over one drink (Burian et al., 2002) or two drinks (Liguori et al., 1999). A dose of 

0.6 g/kg has also been delivered across ten small drinks that were consumed within ten 

minutes (Rose and Duka, 2006; Rose and Grunsell, 2008). No study has attempted to 

model an alcohol binge by allowing the subjects to consume a cumulative dose of 0.08 
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g/dl throughout a two-hour period. A goal of this dissertation was to develop an alcohol 

administration schedule that would closely model the NIAAA-defined binge episodes.  

Additionally, no study has investigated the pace at which a subject would choose 

to consume the amount of alcohol in a standard binge over a two-hour time span. Studies 

have investigated ad libitum drinking namely by using the Taste-Rating Task (TRT). In 

this paradigm, participants are in a drinking laboratory and are told they will be rating the 

tastes of various drinks (Marlatt et al., 1973). This has been shown to provide a reliable 

pattern of ad libitum consumption (Collins et al., 1996; Weafer and Fillmore, 2008). To 

measure ad libitum consumption in the TRT task, the total volume of remaining liquid in 

each drink is subtracted from the total volume originally available. The result is 

representative of the amount alcohol consumed. One problem with the use of this method 

is the exclusion of participants who do not prefer the drink used in the study, most often 

beer. Also, this paradigm places all alcohol within immediate view of the participant. 

This may increase drinking as the visual and olfactory cues associated with alcohol have 

been shown to increase the urge to drink (Perkins et al., 2003). 

Few studies use bar-labs, where individuals enter the laboratory with groups of 

peers and are allowed to order any desired drinks from the bar for pre-determined periods 

of time (Bot et al., 2005; 2007; Quigley and Collins, 1999). However, many studies 

report a strong effect of the presence of peers on an individual’s drinking patterns. When 

heavy social drinkers took part in a wine TRT, they drank similar amounts of alcohol as 

the confederates present with them in the laboratory that had modeled heavy drinking, 

light drinking, or no drinking (Caudill and Marlatt, 1975). Other studies find that 

individuals typically imitate the alcohol intake of their peers, drinking a nearly equivalent 
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amount and achieving similar BrACs (Collins et al., 1985; Larsen et al., 2009; 2010a; 

2010b). Though bar labs may seem ecologically valid, the peer influence on drinking 

would inhibit accurate information being collected regarding the naturalistic pace of 

drinking in an individual. A goal of this dissertation was to develop an alcohol 

administration procedure to model the naturalistic drinking behavior of binge drinkers, 

with and without an alcohol prime. 
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SUMMARY AND STATEMENT OF HYPOTHESES 

 

The existing literature on binge drinking and the components of problem drinking 

suggest the following: 

• The current definition of binge drinking may not provide an accurate 

portrayal of excessive alcohol intake. Few studies take into account the 

frequency and intensity of bingeing, nor do they operationalize 

bingeing as drinking for the purpose of becoming intoxicated. 

• Acute alcohol has many deleterious consequences, and these 

consequences may be further increased as the frequency of binge drinking 

increases. Few studies have employed the use of acute alcohol exposure 

to quantify the influence of binge frequency on response to alcohol 

and subsequent behavior.  

• The pattern of alcohol consumption may differ between heavy and light 

drinkers and may predict future problem drinking. The speed of drinking 

may also be tied to risk behaviors after drinking. No studies to date have 

attempted to quantify the naturalistic drinking behaviors of binge 

drinkers to draw comparisons between pace of drinking and 

behavior.  

• Binge drinkers may be more disinhibited by alcohol than other 

populations. As a result, their drinking may become excessive due to loss 

of control over their alcohol intake. Though urge for alcohol after a 
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prime has been shown, actual drinking behavior after an alcohol 

prime has not been quantified in binge drinkers.  

 

I designed three experiments to determine the influence of binge frequency (Study I), 

pace of drinking (Study II), and exposure to an alcohol prime (Study III) on the 

behavioral effects of alcohol in binge drinkers.  

 

The experiments were undertaken to test three key hypotheses: 

Aim 1 (Study I): 

Examine the influence of binge frequency on behavioral response to alcohol. The study 

tested the hypothesis that after a simulated binge, frequent binge drinkers would report 

feeling less impaired while displaying the same degree of alcohol-induced behavioral 

impairment as infrequent binge drinkers.  

Aim 2 (Study II): 

Quantify the pace of drinking in frequent and infrequent binge drinkers. Additionally, to 

examine the influence of pace of alcohol consumption on subsequent driving behavior, 

reported subjective feelings and impulsivity. The study tested the hypothesis that as the 

pace of drinking increased, behavioral inhibition, subjective impairment, and stimulation 

would increase, while driving performance and confidence in driving decreased.  
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Aim 3 (Study III): 

Characterize the disinhibiting effects of an alcohol pre-load on subsequent behavior. The 

study tested the hypothesis that alcohol would lead to a greater amount of alcohol 

consumed within an ad libitum drinking session and greater detriments in driving 

behavior and behavioral inhibition relative to placebo.  

 

Alcohol abuse and alcoholism represent significant public health concerns, and 

much effort has been devoted to the identification of individuals most at risk for future 

abuse and dependence. Binge drinking has been implicated in the eventual development 

of alcohol use disorders, and has also been associated with a greater likelihood of 

experiencing the immediate deleterious consequences associated with alcohol use. What 

remains unknown is whether heavy and frequent binge drinking is associated with an 

increased risk for experiencing harms due to differential response to alcohol. The results 

of these experiments will advance our understanding of the relationship of binge drinking 

history and acute response to alcohol in terms of engagement in driving-related risk 

behaviors and drinking patterns following an acute exposure to alcohol. This information 

could provide the basis for targeted intervention strategies to those individuals at greatest 

risk for experiencing the harms associated with binge drinking. 
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ABSTRACT 

Objective: Compared with 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-frequency 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-min intervals within a 2-h 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 

women 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 USA 

(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). Although 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 0.08%, typically corresponding to five drinks for men and four drinks 

for women, consumed within a 2-hr 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 five 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 (Dimeff et al., 1995; Perkins, 2001; DeJong, 2003). 

Some researchers argue that the purpose of a binge measure is for “public health 
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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 et al., 2002).  

The frequency of binges may not only influence 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 driving under the 

influence arrests, compared with 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 men, but recent data 

show that binge drinking is steadily increasing in women. From 1993 to 2001, there was 

a 4% increase in American college-aged women reporting frequent binges. During this 

period, women 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 men consuming the same amount of alcohol (Ham and 
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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 Traffic 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 al., 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 (Beirness, 1987), a phenomenon characteristic of binge drinkers. When 

compared with 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 with 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), although both groups exhibited the same amount of alcohol-induced simulated 

driving impairment. These differences between regular binge drinkers and individuals 
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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 women 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 a 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-h period) to assess 

impaired driving at a breath alcohol concentration (BrAC) of 80mg/100 ml (0.08%), the 

legal limit for impaired driving in each state of the USA. We hypothesized that low-

frequency 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. 

 

METHODS 

Participants 

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 nine African Americans, one 

Asian, one Native American, and 49 Caucasians. Participants were recruited from the 

community via television, radio, and internet networking site advertisements soliciting 
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women who drank alcohol at least once per month. Exclusion criteria included current 

illicit or psychoactive drug use within the past 6 months, self-reported Axis I psychiatric 

disorder, IQ of 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 (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 3 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 I Disorders (First et al., 2001) 

and the Wechsler Abbreviated Scale for Intelligence (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, 
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Quidel, San Diego, CA). A positive test result for either drug use or pregnancy excluded 

the individual from participation. A total of 63 participants were consented for study 

enrollment. Of those 63, 60 completed the study and three were excluded. The reasons 

for exclusion were a positive urine test for benzodiazepines (3/7), level of alcohol intake 

too low (2/7), and inability to consume the study beverage (2/7). 

All low-frequency 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: (i) high-frequency binge drinkers receiving placebo (n = 15); (ii) high-

frequency binge drinkers receiving alcohol (n = 15); (iii) low-frequency binge drinkers 

receiving placebo (n = 15); and (iv) low-frequency binge drinkers receiving alcohol (n = 

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 2-hr 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 oz.; all beverages were 

delivered in opaque Styrofoam cups covered with an opaque lid and were consumed 
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through a straw. All alcohol concentrations were reduced by 8% to adjust for alcohol 

metabolism in women (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 10min to drink each 

beverage and 20min for absorption. After the 20-min 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.) and the testing battery was administered. Expired-air 

samples were taken before the cognitive test battery and every 20min 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. 

 

Test battery 

Visual analog scale. Each visual analog scale (VAS) 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 
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represent a range of psychomotor, divided attention, and cognitive tasks involved in 

driving. Participants drive through a 9-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 simulated driving and binge frequency 16.5 min 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 

Age, IQ, 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 versus nonwhite) was used to 

compare racial distribution across the high-frequency 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 

6months, 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-testing/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 
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behavioral impairments, only the four most frequently occurring simulated driving errors 

across all subjects were selected for analyses. One participant’s data were not included in 

driving data analyses because of experimenter error. Bonferroni post hoc pair-wise 

comparisons were made after each significant interaction and considered significant at 

p=0.05. 

RESULTS 

Group demographics 

A main effect of binge frequency on age revealed that the high-frequency group 

was significantly older than the low-frequency group, F (1,56) = 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 IQ or drinks consumed 

per week. Chi-square analysis found no significant differences in racial distribution 

between the high-frequency and low-frequency groups. Within the low-frequency binge 

group, mean drinks per hour, total times drunk in the past 6 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 6 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, n1 = n2=15, p 

< 0.05 (Table 1).  
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Table 1. Cumulative Demographic and Questionnaire Measures for Low and High 

Frequency Binge Drinkers 
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Breath alcohol concentrations 

A significant main effect of time was found, F (1,28) = 11.00, p <.0.01, but no 

main effect of binge frequency was found. However, there was no significant main effect 

of binge frequency on breath alcohol concentrations. However, there was an interaction 

effect, F (1,28) = 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).  
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Figure 1. Mean expired breath alcohol levels of the 30 participants who received alcohol 

before and after behavioral testing (15 Low Frequency Bingers, 15 High Frequency 

Bingers). 
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Subjective effects (visual analog scale)  

There were no main effects of binge frequency on any scale. On the impairment 

scale, mean (±SD) scores after alcohol (60 ± 24 in the low-frequency group, 49 ± 25 in 

the high-frequency group) were significantly greater than scores after placebo (9 ± 9 in 

the low-frequency group, 24 ± 14 in the high-frequency group. F (1,56) = 57.51, p < 

0.001). There was a significant binge frequency/dose interaction, F (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, 

F (1,56) = 21.94, p < 0.001. There was an interaction of binge frequency and dose, with 

significantly lower ratings after alcohol versus placebo only in the low-frequency binge 

drinkers, F (1,56) = 4.40, p < 0.05 (Figure 2). 
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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). 

 

 

 

 

 

 

 



	   64 

64 

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, F (1, 55) = 4.48, p < 0.05, and centerline crossings, F (1, 

55) = 10.38, p < 0.01, regardless of binge frequency (Figure 3). The main effect of dose 

on driving bonus earned approached statistical significance, F (1, 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). 
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Figure 3. Driving errors after alcohol and placebo.  Collisions (Top Panel) and centerline 

crossings (Bottom Panel) were increased after alcohol in both the High and Low 

Frequency groups (main effect of alcohol, p < 0.05). 
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DISCUSSION 

This study aimed to clarify the risks of binge drinking by quantifying behavioral 

differences between high-frequency and low-frequency binge drinkers after an alcohol 

binge or placebo. The data supported the hypothesis that, compared with placebo, high-

frequency 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 with 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 
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penalized $2 for each error. Thus, although 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 with 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-frequency and 

low-frequency binge groups after alcohol may be related to differences in breath alcohol 

levels. Comparisons of the two groups at pre-testing and post-testing (approximately 45 

min 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-testing 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 higher; 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.  
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Moreover, differences in the frequency of binges between groups may help clarify 

the dissimilar subjective effects observed after alcohol. Although both the high-frequency 

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 men. Binge frequency may not influence the behavioral 

effects of alcohol in men in the same manner, based on differences in alcohol metabolism 

that cause women 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 men 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 
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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 (men/women) include 7/6, 10/8, and 15/12 drinks per occasion (White 

et al., 2006; Read et al., 2008). Allowing ad libitum consumption of alcohol in a 

controlled environment may reveal additional group differences, as high-frequency 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 bingeing 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 with nonbinge drinkers, binge drinkers have shown 

impairment on such prefrontal tasks as Tower of London (Hartley et al., 2004), Spatial 

Working Memory (Townshend and Duka, 2005), and the Iowa Gambling Task 

(Goudriaan et al., 2007). Thus, differences observed between the high-frequency and 

low-frequency binge groups may be related to alcohol-induced deficits of the prefrontal 

cortex. 
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CONCLUSION 

Longitudinal studies suggest that repeated binges result in deficits in decision-

making in tasks such as the Iowa 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, 

whereas 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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ABSTRACT 

 Background: Early clinical research suggests that speed of drinking may differ 

between light and heavy drinkers, though little evidence exists to support this claim. 

Here, the influence of speed of alcohol consumption on behavior is compared between 

two classifications of binge drinkers. Additionally, the influence of speed of drinking on 

subsequent behavior was determined.  

 Methods: Forty moderate drinkers were assigned to high-frequency (females 

n=10, males n=10) or low-frequency (females n = 10, males =10) binge groups by 

responses to the Alcohol Use Questionnaire. The equivalent of four standard alcohol 

drinks was consumed at each participant’s desired pace. Subjective feelings after alcohol, 

state impulsivity and simulated driving were assessed in each group after drink 

consumption.  

 Results: Following alcohol consumption, the high-frequency group displayed 

significantly greater levels of stimulation and percent of errors of commission on a task 

of behavioral inhibition than did the low-frequency group. When groups were combined, 

a fast speed of alcohol consumption was associated with increased mean speed on the 

driving simulator, collisions, and reported confidence in driving after drinking.  

 Conclusions: Frequent binge episodes may increase sensitivity to the disinhibiting 

and stimulating effects of alcohol. Additionally, fast drinking may coincide with 

increased driving confidence due to the extended latency between the conclusion of 

drinking and the commencement of driving. However, this latency did not reduce 

alcohol-related driving impairment, as fast drinking was associated with risky driving. 
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INTRODUCTION 

One of the hallmarks of problematic drinking is drinking too much too fast 

(Leeman et al., 2010). The level of intoxication produced by an alcoholic beverage is 

determined partly by the speed at which it was consumed (Higgs et al., 2008), suggesting 

that fast drinking would result in higher levels of intoxication. One clinical study suggests 

that alcoholics differ from nonalcoholics specifically by the fast gulping of alcohol 

(Nathan et al., 1971). Aside from this early study, little is known regarding naturalistic 

drinking behaviors of individuals within a drinking session. Although it may seem 

intuitive that heavier drinkers consume alcohol in a pattern that would maximize the 

intoxicating effects of alcohol, this hypothesis has not yet been investigated. 

One behavior that is defined by the deliberate act of rapid alcohol consumption is 

binge drinking. Binge drinking is characterized by the consumption of large amounts of 

alcohol followed by some period of abstinence (Townshend and Duka, 2005). Binge 

drinking is a pattern of alcohol consumption that produces a blood alcohol concentration 

of 0.08 g/dl, typically corresponding to five drinks for men and four drinks for women 

consumed within a two-hour period (NIAAA, 2004). Past studies have defined binge 

drinkers as individuals who have engaged in a binge episode on one occasion in the past 

two weeks (Wechsler and Nelson, 2006) or 30 days (Marczinski and Fillmore, 2009).  

The likelihood of an individual engaging in driving-related risk-taking behaviors 

is increased as binge frequency increases. Incidences of drinking after driving and driving 

with an intoxicated driver coincide with an increase in the frequency of drinking (Beck et 

al., 2010). Additionally, individuals reporting a heavy and frequent binge pattern also 
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report a greater incidence of DUI arrests compared to moderate drinkers who do not 

binge (Presley and Pimentel, 2006). When compared to high-frequency binge drinkers, 

low-frequency binge drinkers reported feeling significantly less confident in their driving 

ability after a simulated alcohol binge as compared to placebo. There was no significant 

difference in reported confidence between high-frequency binge drinkers receiving 

alcohol and those receiving placebo (Bernosky-Smith et al., 2011). Perhaps increases in 

risk-taking behaviors after drinking in frequent bingers are a product of fast drinking 

during a binge, which may alter the subjective effects of alcohol and attitudes toward 

driving. 

As a fast pace of alcohol consumption is associated with greater intoxication, one 

would hypothesize that behavioral impairment would be increased as well. The rate of 

alcohol drinking has been negatively correlated with performance on a cognitive task 

(Jones and Vega, 1973). Fast rates of alcohol consumption have also been associated with 

performance impairment on psychomotor tasks (Moskowitz and Burns, 1976). However, 

these former studies delivered one bolus dose of alcohol and did not examine ad libitum 

drinking across an established time period of a binge. Additionally, no study has 

determined the relationship between speed of alcohol consumption and simulated driving, 

subjective feelings after alcohol or any measure of impulsivity.  

The first goal of the present study was to determine the influence of binge 

frequency on speed of drinking by comparing the observed drinking patterns of binge 

drinkers. To ensure a variety of drinking patterns, two groups of binge drinkers were 

included: high and low-frequency binge drinkers. Using a modified ad libitum drinking 

paradigm, binge drinkers were administered the equivalent of four alcoholic beverages 
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delivered in ten small drinks consumed at the participant’s desired pace. We 

hypothesized that the high-frequency binge drinkers would consume the drinks quickly, 

in an attempt to maximize the intoxicating effects of alcohol. Conversely, we expected 

the individuals in the low-frequency binge group to drink in a steady fashion throughout 

the session, in an attempt to control feelings of intoxication.  

A secondary goal of the study was to determine the influence speed of drinking 

during a binge episode had on behavior. We hypothesized that as the speed of drinking 

increased, behavioral inhibition, subjective impairment, and stimulation would increase, 

while driving performance and confidence in driving decreased.  

 

METHODS 

Participants 

Forty moderate drinkers between the ages of 21-35 were recruited from the 

community via internet advertisements for a research study examining how and when 

individuals choose to drink. Exclusion criteria included current illicit or psychoactive 

drug use, 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., 

1983). During the initial phone screen, participants were assigned to high-frequency 

(females n = 10, males n = 10) or low-frequency (females n = 10, males n = 10) binge 

groups by a cumulative binge 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 inability to speak clearly) in the past 6 months, and 
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the percentage of times that drinking leads to intoxication. High-frequency binge drinkers 

were classified by a score > 24 (Townshend and Duka, 2002). Low-frequency binge 

drinkers had scores < 24 and reported no more than one binge session per month in the 

past three months. After phone screening procedures, participants attended 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. Designated drivers appointed by the participants were also required to sign the 

consent form. 

 

General procedure 

During the first visit, participants were administered the modified Structured 

Clinical Interview for DSM-IV Disorders (SCID; First et al., 2001) and the Wechsler 

Abbreviated Scale for Intelligence (WASI; Psychological Corporation, 1999). All 

participants with a current Axis-I disorder were excluded, as were participants with an IQ 

less than 80. 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 result for either test excluded the 

individual from participation. A total of 47 participants were consented for study 

enrollment. Of those 47, seven were excluded from participation. The reasons for 

exclusion were: no show/could not contact for second appointment (3/7), positive urine 

result for marijuana (3/7), positive urine result for benzodiazepines (1/7), and an IQ lower 

than 80 (1/7). 
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Participants returned to the laboratory for the second testing day where alcohol 

was administered. Participants were not given any special dietary instructions nor were 

they asked to abstain from alcohol use before the second visit. Upon arrival, a second 

urine sample was collected and tested for the presence of illicit drugs and for pregnancy 

in females. Additionally, an expired air sample was collected and tested for the presence 

of alcohol (Intoxilyzer SD-5; CMI Inc., Owensboro, KY), after which immediately began 

the alcohol administration session.  

Participants were told that they would be consuming the amount of four standard 

drinks, which were divided across ten small aliquots. The participants were instructed to 

consume the ten aliquots at their desired pace within the session, and that the drinking 

session would always last the full two hours. Participants received one aliquot at a time, 

and alerted research staff when they desired their next aliquot by hand wave. This 

delivery method was chosen to avoid visual cues to slow down drinking, or speed up 

drinking had the aliquots been within view of the participants. The within-drinking 

session behavior was recorded live by a researcher present in the laboratory and digitally 

recorded via surveillance camera.  

Immediately after alcohol administration was complete, participants completed 

the test battery and returned to the drinking laboratory where their expired breath alcohol 

levels were taken every 20 minutes. Participants reaching an expired breath alcohol level 

of <0.03 g/dl and who satisfactorily completed a field sobriety test were allowed to leave 

the laboratory with a previously appointed designated driver. The field sobriety test 

measured resistance to body sway with head back and eyes closed, finger-to-nose 
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touching with eyes closed, walking heel-to-toe for a designated number of steps in a 

straight line, balancing on one leg, and recitation of the alphabet. 

 Alcohol Administration. All participants underwent a two-hour drinking session. 

The dose of alcohol for all participants was equivalent four standard drinks administered 

within a two-hour time frame. In this paradigm, 0.8 g/kg 95% alcohol was mixed with a 

sweet vehicle solution (lemonade) and the 500 mL solution was separated into ten 50 mL 

glasses. This dose was delivered in order to achieve an expired breath alcohol 

concentration (BrAC) of 0.08 g/dl across participants. This paradigm has been shown to 

be a safe and effective way of delivering alcohol (Rose and Duka, 2006; Rose and 

Grunsell, 2008). Alcohol concentrations were reduced by 8% to adjust for alcohol 

metabolism in females (Hindmarch et al., 1991).  

 BrAC readings were collected from each participant at the end of the drinking 

session (INTOXILYZER 5000, CMI, Inc., Owensboro, KY) before the testing battery 

(described in sequential order below) was administered. Expired-air samples were taken 

throughout the test battery and every 20 minutes after testing to monitor BrAC levels. 

The two-hour drinking session was divided into 30-minute epochs. The dependent 

measure of aliquots consumed per epoch was recorded, as was time of aliquot 

administration and the amount of time to finish each drink (sip time). 

 

Test Battery 

Subjective Effects  

Subjective Intoxication. Two Visual Analog Scales (VAS) were used to 

assess participants’ subjective impairment following alcohol administration. Each visual 
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analog scale consisted of a question (“I feel impaired” and “I am confident in operating 

a vehicle”) below which a 100-mm horizontal line indicated a range of responses from 

“not at all” to “extremely”. Participants indicated the degree to which they agreed with 

each statement by drawing a vertical line to intersect the horizontal line. Scores were 

calculated as the distance in millimeters from the left of the line to the intersecting line 

drawn by the participant.  

Subjective Measurement of Stimulation/Sedation. To assess self-

reported stimulation/sedation following alcohol administration, the Biphasic Alcohol 

Effects Scale (BAES; Martin et al., 1993) was used. The BAES is a 14-item 

questionnaire of two subscales that assess alcohol effects of sedation and stimulation. The 

stimulant scale contained the descriptors, “elated, energized, excited, stimulated, 

talkative, up, and vigorous”. The sedative subscale contained the descriptors, “down, 

heavy head, inactive, sedated, slow thoughts, sluggish, and difficulty concentrating.” 

Participants rated themselves on each item on a scale of zero to 100. A score of zero 

reflected an answer of “not at all”, and 100 reflected an answer of “extremely”. 

Participants received a total stimulation score by the summing of responses to each 

stimulation question and dividing this number by the total number of questions in the 

subscale (10). Sedation scores were determined in an identical fashion using each 

sedation question.  

Impulsivity 

Trait Impulsivity. The Barratt Impulsivity Scale (BIS-11; Patton et al., 

1995) was administered to measure trait impulsivity. BIS questions were grouped 

according to the factor of impulsivity they were assessing. Three factors of impulsivity 
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were measured: cognitive, motor, and non-planning. A score was derived from each 

participant’s responses to questions for each factor. The scores for these three factors 

were summed to determine a total impulsivity score. The higher the total score was, the 

more impulsive the subject was considered to be.  

State Impulsivity. The Time Paradigm (Dougherty et al., 2003) was used 

to assess alterations in internal timing. In this task participants were asked to estimate 

when 60 seconds had elapsed by pressing the space bar on a computer keyboard. Their 

responses were measured across five trials. Impulsive individuals show a disruption of 

timing of cognitive and behavioral events (Barratt and Patton, 1983). Higher estimated 

times were considered indicative of an impulsive tendency. 

The Immediate Memory Task (Dougherty et al., 1999) was used to 

measure impulsive responding. In this task participants are instructed that they will be 

responding to five digit numerals displayed briefly on a computer screen. When the 

numbers displayed on the screen exactly match the numbers displayed immediately 

before, participants are instructed to press the left mouse button. If the numbers appearing 

on the screen do not match the numbers that came immediately before, they are to 

withhold any responding. Responses made when the goal of the trial was to withhold a 

response were considered errors of commission, and were indicative of impaired 

behavioral inhibition.  

Simulated Driving 

 The STISIM DriveTM (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 were 
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instructed to start the car and drive through the course, while maintaining all posted speed 

limits. Participants who completed the 9-mile task in 16 ½ minutes or less with no 

penalties earned a $20 bonus. Participants were penalized $2 from this bonus for each 

collision, any time they were caught speeding, caught driving through a stop sign, or 

caught driving through a red light. Any participant with ten or more penalties received no 

bonus but did not lose additional money.  

 

Data Analysis 

A between subjects analysis of variance (ANOVAs; 2 group x 4 epoch) was used 

to compare the distribution of aliquots consumed across time epochs. Breath alcohol 

concentrations were analyzed using a 2 x 2 mixed model ANOVA with between-subjects 

binge frequency (low/high) and repeated time (pre/post test battery) factors. Student t-

tests were used to compare binge groups after alcohol on measures of: VAS responses, 

stimulation and sedation after alcohol, driving (time spent speeding, mean speed, 

collisions, and speeding tickets) and Time Paradigm estimated minutes. IMT 

performance was compared between groups using a 2 x 2 mixed model ANOVA with 

between-subjects binge frequency (low/high) and repeated time (pre/post test battery) 

factors. Group differences were considered significant at α = 0.05.  

Secondary analyses using Pearson correlations were conducted to assess the 

relationship of speed of drinking and behavior. Speed of drinking was determined by the 

total length of time (in minutes) taken by each participant to order all ten beverages. 

Multiple correlations were used to assess the relationship between speed of drinking and 
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measures of driving behavior (time spent speeding, mean speed, and collisions), response 

disinhibition (IMT), and subjective feelings after alcohol (BAES and VAS). Statistical 

significance was defined at α = 0.05.  

 

RESULTS 

Group Demographics 

The high-frequency and low-frequency binge groups did not significantly differ 

with regard to age, IQ, or AUDIT score, (Table 1). Additionally, no gender differences 

were present in age, IQ, or AUDIT score. 

Breath Alcohol Concentrations 

 The alcohol administration schedule used produced a mean (± SD) BrAC of 0.062 

g/dl ± 0.017 g/dl, collected 20 minutes following the end of the drink administration 

session. Mean (± SD) BrACs 40 minutes after the drinking session when driving occurred 

were 0.057 g/dl ± 0.016 g/dl. Breath Alcohol Concentrations across groups were 

significantly lower after testing than before testing (F (1,38) = 8.46, p < 0.05). There was 

no significant main effect of binge frequency or time x binge frequency interaction effect 

on BrACs, (Table 1). BrAC levels did not significantly differ at any time point between 

males and females, despite the alcohol doses being reduced by 8% in females.  
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Table 1. Demographic and behavioral data for low- and high-frequency binge drinkers. 
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Drinking 

Binge groups did not significantly differ on speed of drinking. No interaction of 

binge frequency and time or binge frequency effect was observed on the measure of 

drinks consumed per epoch. However, there was a main effect of time (F (1,38) = 18.9, p 

< 0.0001), such that both groups consumed the greatest amount of drinks in the initial 30-

minute epoch (Figure 1). There were no significant gender differences in time (in 

minutes) to order all ten beverages. No significant main effect of binge frequency or 

interaction of binge frequency and time was observed on the length of sip times within or 

between epochs. A main effect of time (F (1,38) = 4.237, p < 0.05) was observed such 

that both binge groups exhibited their longest sip times in epoch two in comparison to 

epochs one, three, and four.  

For all participants, regardless of binge frequency, the cumulative dose of 0.2 

g/kg was delivered at a mean (± SD) of 17 ± 9 minutes. After a mean (± SD) of 40 ± 15 

minutes, the cumulative dose delivered was 0.4 g/kg. The dose of 0.6 g/kg was delivered 

at a mean (± SD) of 74 ± 22 minutes. The mean (± SD) time for all participants to order 

all drinks, cumulative dose 0.8 g/kg, was 93 ± 25 minutes.  
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Figure 1. Mean ± SEM drinks consumed in each of the four 30-minute epochs. There 

was a main effect of time such that both high (n=20) and low-frequency (n=20) binge 

drinkers consumed the greatest amount of alcohol in the initial 30-minute epoch: F (1,38) 

= 18.9: p < 0.0001). 
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Subjective Effects after Drinking 

VAS. Binge groups did not significantly differ on subjective impairment or 

confidence in driving (Table 1). There were no significant effects of gender on ratings of 

impairment or confidence in driving. 

BAES. Binge groups did not differ in their ratings of sedation following alcohol 

administration. However, the high-frequency group reported significantly greater levels 

of stimulation than the low-frequency group (t (38) = 3.36, p < 0.05; Figure 2). No 

significant difference was observed between genders on ratings of sedation or stimulation 

following alcohol.  
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Figure 2. Mean ± SEM total stimulation and sedation scores from the BAES 

administered after drinking. The high-frequency group (n=20) reported feeling 

significantly more stimulated following alcohol (p < 0.05) as compared to the low-

frequency group (n=20). Groups did not significantly differ on their ratings of sedation 

after alcohol.  
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Impulsivity 

BIS. No significant differences between binge groups were found on Total BIS 

score, or any of the BIS subtopics: attentional, motor, or non-planning (Table 1). Males 

and females did not significantly differ on total BIS or subscale scores.  

Time Paradigm. No significant group differences were observed on estimated 

time, either before or after alcohol (Table 1). No significant difference due to gender was 

observed on time estimation in seconds.  

IMT. A main effect of alcohol was observed on overall response rate on the IMT, 

such that alcohol decreased overall response rates in both high and low-frequency binge 

groups (F (1, 38) = 5.754, p < 0.05). No effect of binge frequency or interaction of binge 

frequency and alcohol was observed on overall response rates. A main effect of binge 

frequency was observed on commission errors, such that the high-frequency group made 

a greater percentage of errors of commission on the IMT both before and after alcohol 

than the low-frequency group (F (1,38) = 5.963, p < 0.05; Figure 3). A main effect of 

alcohol was present, such that both groups made a larger percentage of commission errors 

before alcohol (F (1,38) = 7.179, p < 0.05; Figure 3). No interaction effect of alcohol x 

binge frequency was observed. No significant differences were observed between males 

on females on errors of commission nor correct detections. 
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Figure 3. Mean ± SEM percentage of errors of commission on the IMT pre and post 

alcohol. The high-frequency group (n=20) made a significantly greater percentage of 

commission errors than the low-frequency group (n=20) on the IMT both before and after 

alcohol F (1,38) = 5.963, p < 0.05. Errors of commission were decreased in both groups 

following alcohol F (1,38) = 7.179, p < 0.05.  
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Driving 

No significant group differences were observed on measures of time spent 

speeding, mean speed, collisions, or bonus amount (Table 1). When combined into one 

group, baseline measures of time spent speeding, collisions or bonus amount did not 

differ from post-alcohol measurements. However, mean speed throughout the course was 

significantly faster after alcohol administration as compared to baseline driving (p 

<0.01). No significant gender effects were present on the simulated driving task.  

Secondary Analysis 

Increased speed of drinking was associated with increases in: mean speed on the 

simulated driving task (r = - 0.68; r2 = 0.46, p < 0.0001; Figure 4), collisions with other 

vehicles (r = - 0.40; r2 = 0.16, p < 0.01; Figure 5), and reported confidence in driving 

after alcohol consumption (r = -0.34; r2 = 0.12, p < 0.05; Figure 6). A prior study found 

confidence in driving was associated with a high frequency of bingeing, (Bernosky-Smith 

et al., 2011), but the current study found no significant relationship between binge score 

and driving confidence. There was no association between speed of drinking, speeding 

tickets received, or time spent speeding. Speed of drinking was not associated with 

feelings of impairment, subjective feelings after alcohol or behavioral inhibition or time 

estimation. Additionally, no relationship was observed between speed of drinking and 

BrAC levels after the drinking session (r = -0.12; r2 = 0.0132, p = 0.47).  
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Figure 4. Mean time in minutes to order all ten drinks was correlated (r = - 0.68; r2 = 

0.46, p < 0.0001) with mean driving speed on the simulator after alcohol for all subjects 

(n=40).  
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Figure 5. Mean time in minutes to order all ten drinks was correlated (r = - 0.40; r2 = 

0.16, p < 0.01) with number of collisions on the simulator after alcohol for all subjects 

(n=40). 
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Figure 6. Mean time in minutes to order all ten drinks was correlated (r = -0.34; r2 = 

0.12, p < 0.05) with reported confidence in operating a vehicle after alcohol 

administration for all subjects (n=40). 
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DISCUSSION 

Contrary to our hypothesis, speed of drinking within a modified ad libitum binge 

session did not differ as a function of binge frequency. Rather, both high and low-

frequency binge drinkers displayed an initial burst of alcohol consumption during the first 

30-minute epoch, followed by regular intervals of consumption observed across 

remaining epochs. All participants likely consumed the largest quantity of alcohol within 

the initial thirty minutes to immediately experience the intoxicating effects of alcohol, as 

the speed of consumption promotes greater levels of intoxication (Higgs et al., 2008). As 

all participants reported a binge-drinking history, this pattern may be characteristic of 

binge drinkers as a population and not be influenced by the frequency of binges.  

Much attention has been given to the temporal pattern of drug taking in animal 

studies, primarily psychostimulants (Pickens and Thompson 1968; Wise et al., 1995). 

Cocaine self-administration in animals, for example, can be separated into separate 

temporal phases. There is an initial loading phase, in which the animal takes multiple 

doses of cocaine in a short period. Following is the regulatory, or maintenance phase, 

where the animal takes infusions at regular intervals for the remaining session length 

(Tornatzky and Miczek, 2000). The alcohol consumption patterns observed in the present 

study may have been indicative of a loading and maintenance phase. 

The high-frequency binge group’s enhanced stimulation following alcohol may 

put this group at greater risk for problematic alcohol use in the future. The positive 

reinforcing effects of alcohol have been attributed to its stimulating effects (Earleywine, 

1994) and the depressant effects are considered sedative (Addicott et al., 2007). 
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Individuals who endorse higher levels of stimulation after alcohol show a strong 

preference for alcohol over placebo and report greater drug-liking and euphoria 

(Chutuape and de Wit, 1994; Duka et al., 1998). The current data are consistent with 

findings that showed heavy drinkers experienced greater stimulant-like subjective effects 

than light drinkers after alcohol (Holdstock et al., 2000; King et al., 2002). Excessive 

alcohol consumption during an ad libitum paradigm is predicted by increased levels of 

stimulation (Corbin et al., 2008).  

Frequent binge drinkers responded more impulsively on a task of behavioral 

inhibition, both before and after alcohol. Individuals scoring high on measures of 

impulsivity are more likely to have an alcohol use disorder (Trull et al., 2004). Alcohol 

has been shown to increase impulsive responding on tasks measuring response inhibition 

(Dougherty et al., 2008; Marczinski et al., 2005). The level of disinhibition seen after 

alcohol use is greater in binge drinkers than in non-binge drinkers (Marczinski et al., 

2007), suggesting that repeated binge exposure may exacerbate impulsivity. Additionally, 

impulsive responding on a task of behavioral inhibition has been positively correlated 

with the amount of alcohol consumed within an ad libitum paradigm (Fillmore et al., 

2008). These differences in disinhibition may account for the high-frequency group’s 

significantly greater reported weekly drinking levels. 

The lack of observed group differences with regard to drink pacing may be a 

result of the artificial nature of laboratory drinking. Laboratory models of drinking may 

lack ecological validity as participants are required to drink a predetermined dose of 

alcohol (Spijkerman et al., 2010), which may be less or greater than their current level of 

intake. The predetermined alcohol dose prevented the high-frequency group from 
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consuming their typical level of alcohol intake, which was significantly more than the 

low-frequency group. A recent study found that 70% of binge drinkers consumed at least 

six drinks in their last binge, and roughly 40% consumed greater than eight (Naimi et al., 

2010). In the current study, participants consumed a total of four drinks. The lack of 

support for the hypothesis that drink pacing is determined by binge frequency is likely 

due to an underrepresentation of naturalistic drinking behavior within the high-frequency 

group, which would typically be much higher than the predetermined dose. 

The present study demonstrated that speed of alcohol consumption may be 

associated with a greater likelihood of driving at elevated speeds after drinking. 

Additionally a significant relationship was observed between speed of drinking and 

collisions, and estimated confidence in operating a vehicle. Contrary to our hypothesis, 

no relationship was observed between the speed of drinking and response inhibition, 

feelings of impairment, nor stimulation or sedation after alcohol. Additionally, a fast 

speed of drinking was not associated with elevated breath alcohol levels.  

Increased speed of alcohol intake promoted speeding in a task of simulated 

driving, independent of binge frequency. Alcohol intoxication encourages risk-taking 

behaviors, such as speeding while driving (Fillmore et al., 2008). The finding that speed 

of drinking predicts hazardous driving is troubling, as heavy episodic accounts for an 

estimated 80% of cases of impaired driving (Quinlan et al., 2005). Additionally, post-

crash analyses have reported that individuals who consumed alcohol drove at elevated 

speeds as compared to sober drivers (Stoduto et al., 1993; McGwin and Brown, 1999). 

Heavy episodic drinking specifically requires the individual consume alcohol in a rapid 
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manner (i.e. 5/4 drinks consumed within a two hour period). The elevated crash risk due 

to driving at excessive speeds may be enhanced by the fast drinking of alcohol.  

Binge drinkers are more likely than non-bingers to engage in a risk behavior such 

as speeding after alcohol use due to their tendency to underestimate impairment 

(Beirness, 1987). The current study observed a relationship between a fast speed of 

drinking and higher levels of confidence in driving after drinking. This finding may have 

been a function of time, as those who drank most quickly would likely be on the 

descending limb of the BrAC curve at the time of driving. A recent study found that 

binge drinkers showed acute tolerance to the effects of alcohol on the descending limb 

(Marczinski and Fillmore, 2009). Existing evidence that binge drinkers are more likely to 

drive after drinking compared to non-bingers may be a direct result of acute tolerance to 

the subjective effects of alcohol as BrAC levels are falling. Individuals may also report 

greater confidence due to a greater latency between alcohol consumption and driving. 

They may approach driving in a less cautious manner by driving at elevated speeds due to 

their decreased perception of impairment, though alcohol effects persist for some time 

after initial ingestion. 

Contrary to our hypothesis, speed of drinking was not associated with levels of 

stimulation or response disinhibition. The BAES was administered at the end of the two-

hour drinking session. Those participants who consumed alcohol most rapidly would 

likely be on the descending limb of the breath alcohol curve at this time. The ascending 

limb of the breath alcohol curve is associated with stimulant-like effects, while the 

descending portion of the limb is associated with sedative properties (Holdstock and de 

Wit, 1998). Additionally, speed of alcohol consumption was not a significant predictor of 
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errors of commission on the IMT. The lack of group differences following the pre-load 

beverage confirm findings in a prior study that errors of commission on the IMT are 

unaffected by alcohol (Dougherty et al., 1999). Another study found that alcohol 

increased commission errors on the IMT only after a dose of 1.0 g/kg (Dougherty et al., 

2002). The dose of alcohol used in the current study was likely not high enough to see 

effects on response inhibition. Correct detections were decreased, suggesting that 

memory and attention are impaired at BrACs of 0.06 g/dl. However, as a group, the five 

fast drinkers displayed elevated levels of inhibition at baseline and after alcohol. This 

suggests that there may be some relationship between high levels of disinhibition and fast 

drinking. 

In relevance to traffic safety, binge drinkers should be encouraged to control the 

pace of their alcohol consumption, rather than consuming the bulk of their alcohol intake 

early in a binge session. Though the individuals may no longer perceive themselves as 

intoxicated, alcohol impairment persists for quite some time after initial ingestion. 

Greater efforts are needed in alcohol education to make individuals aware that the 

dangers of alcohol persist though actual consumption has stopped.  
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ABSTRACT 

Objective: Pre-gaming results in high levels of alcohol intake and a greater 

likelihood of engaging in risk behaviors. This study investigated the influence of an 

alcohol pre-load on ad libitum drinking. Furthermore simulated driving, behavioral 

disinhibition, and stimulation were quantified after pre-load administration and again 

after the ad libitum session.  

Methods: Binge drinkers (n=32, 16 female) were recruited from the community 

and were randomly assigned to receive a pre-load beverage consisting of either 0.6 g/kg 

alcohol or placebo. Participants completed a test battery and underwent a two-hour ad 

libitum drinking session wherein they could consume up to ten 0.04 g/kg alcohol drinks.  

Results: Amount of alcohol consumed in the ad libitum session did not 

significantly differ as a function of pre-load beverage type. The mean time to consume 

each drink was significantly reduced in those who received alcohol relative to placebo. 

Pre-load did not significantly affect driving, disinhibition or stimulation. However, 

correct performance on a task of immediate memory was impaired by alcohol pre-load.  

Conclusions: An alcohol pre-load increased the mean speed at which alcohol 

drinks were consumed in an ad libitum session. The speed of alcohol consumption 

determines the intoxication produced by alcohol, suggesting that these individuals were 

drinking in a way to maximize the intoxicating effects of alcohol.  
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INTRODUCTION 

Study II observed a general lack of group differences as a result of binge 

frequency in the pacing of alcohol drinking. The majority of participants in the second 

study displayed some uniformity in their pace of drinking, with five of the participants 

both drinking quickly and driving at elevated speeds on the driving simulator. Further 

analysis revealed that these individuals also displayed heightened response disinhibition 

after alcohol. It stands to reason that, for binge drinkers, there are some individuals who 

are more disinhibited by alcohol than others, and may drink in a more rapid manner as a 

result. The current study investigated the disinhibiting properties of alcohol within binge 

drinkers, regardless of binge frequency. One way to measure the disinhibiting properties 

of alcohol is to administer a loading dose, or priming dose to begin the session.  

 Interoceptive cues associated with alcohol’s rewarding properties may act as 

conditioned stimuli and elicit conditioned responses. For example, a dose of alcohol 

given to an alcohol-experienced individual may encourage future drinking, a 

phenomenon known as the priming effect (Rose and Duka, 2006). Alcohol pre-loading 

has been shown to encourage later drinking in alcoholics (Hodgson et al., 1979), social 

drinkers (Rose and Duka, 2006), and binge drinkers (Rose and Grunsell, 2008). The 

stimulating, but not sedating, effects of a priming dose of alcohol have also been 

positively correlated with ad libitum drinking under a stressful situation (Corbin et al., 

2008). Understanding the mechanism by which some binge drinkers are unable to control 

their alcohol consumption once drinking has begun may help explain the development of 

alcohol use disorders.  
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The priming dose administered at the start of an alcohol administration session 

can be conceptualized in the real-world situation of pre-gaming. Pre-gaming refers to the 

consuming of alcohol before a planned drinking event and is commonly engaged in 

throughout the United States and United Kingdom. “Pre-gaming” or “pre-drinking” is 

described as planned heavy drinking before going to a public drinking establishment 

(Wells et al., 2009). A study of young adults in Northern England found that 55% of men 

and 60% of women reported pre-gaming before heading to a pub, nightclub, or bar. In 

this study, pre-gamers were more likely than non-pre-gamers to report extremely high 

levels of alcohol consumption and involvement in a fight at the establishment (Hughes et 

al., 2007).  

The current study measured the “pre-gaming” phenomenon by examining the 

effect of a priming dose of alcohol on subsequent drinking in a laboratory environment. 

The priming dose of alcohol was equal to three standard alcohol drinks, or 0.6 g/kg 

alcohol, and produced an expired breath alcohol (BrAC) level of approximately 0.06 g/dl. 

This dose has been shown to be effective in priming further alcohol craving (Rose and 

Duka, 2006). Though this dose has been used to elicit the craving for alcohol, extended 

ad libitum consumption after this dose has not been measured. The current study 

hypothesized that exposure to an alcohol pre-load would lead to a greater amount of 

alcohol consumed during an ad libitum session as compared to placebo.  

A recently published study found that an individual’s level of behavioral 

disinhibition positively correlated with the amount of alcohol consumed during an ad 

libitum session (Weafer and Fillmore, 2008). Behavioral disinhibition is a component of 

impulsivity, referring specifically to an inability to inhibit a response. Individuals who 



	   115 

115 

display high levels of behavioral disinhibition are predisposed to the development of 

substance abuse and dependence (Verdejo-Garcia et al., 2008). Acute alcohol 

administration increases levels of behavioral disinhibition (Dougherty et al., 2008; 

Fillmore and Vogel-Sprott, 1999; Marczinski et al., 2005; Mulvihill et al., 1997; Ortner et 

al., 2003; Reynolds et al., 2006; Richards et al., 1999). No studies to date have 

investigated the relationship of disinhibition after alcohol pre-load and subsequent ad 

libitum alcohol consumption within the same session. We hypothesized that behavioral 

disinhibition would increase in all subjects receiving an alcohol pre-load. Furthermore, 

we expected levels of behavioral disinhibition to increase to a greater degree in the 

alcohol pre-load group relative to the placebo pre-load group after the ad libitum drinking 

session.  

Binge drinking is the precursor to impaired driving approximately 80% of the 

time (Quinlan et al., 2005). Almost 2/3 of traffic fatalities due to alcohol intoxication 

were caused by drivers with breath alcohol concentrations greater than 0.08 g/dl 

(National Highway and Safety Administration, 2008). These results suggest that drinking 

alcohol in a binge manner (i.e. consuming alcohol in a short time and reaching > 0.08 

g/dl) is 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. Acute alcohol has been shown to impair driving performance (Liguori et al., 

1999). However, no study to date has investigated how driving performance after a pre-

load beverage is later affected by an amount of alcohol chosen by the participant. The 

current study investigated driving after a priming dose of alcohol or placebo, and after an 

ad libitum drinking session. We expected alcohol to impair performance on the driving 
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simulator relative to placebo. Additionally, we expected driving performance to decrease 

further in the alcohol group relative to the placebo group after additional alcohol is 

consumed during the ad libitum session. 

The primary goal of the present study was to determine the influence of alcohol 

pre-loading on ad libitum drinking behavior in binge drinkers. Additionally, the influence 

of pre-loading was quantified in binge drinkers on measures of simulated driving 

behavior, behavioral disinhibition, subjective ratings of sedation, stimulation, subjective 

impairment, and driving confidence. The study used a randomized, between-subjects, 

placebo-controlled design to compare the behavioral effects of alcohol priming in binge 

drinkers. Participants received either a placebo dose or an alcohol dose of 0.6 g/kg 

administered at the start of the testing session to assess behavior at a breath alcohol 

concentration of 0.06 g/dl. Behavior was assessed after the ad libitum session to draw 

further conclusions about alcohol consumption levels and behavior.  

 

METHOD 

Participants 

Thirty-two binge drinkers between the ages of 21-35 were recruited from the 

community via internet advertisements for a research study examining the effect of an 

initial drink of alcohol on behavior. Exclusion criteria included current illicit or 

psychoactive drug use or pregnancy. Hazardous drinkers were excluded as determined by 

a score greater than 12 on the Alcohol Use Disorders Identification Test (AUDIT, Babor 

et al., 1983). During the initial phone screen, participants were qualified as binge drinkers 

by a cumulative binge score derived from their responses to the final three questions of 
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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 inability to speak clearly) in the past 6 months, and the 

percentage of times that drinking leads to intoxication. After phone screening procedures, 

participants attended 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 

During the first visit, participants were administered the modified Structured 

Clinical Interview for DSM-IV Disorders (SCID; First et al., 2001) and the Wechsler 

Abbreviated Scale for Intelligence (WASI; Psychological Corporation, 1999). All 

participants with a current Axis-I disorder were excluded, as were participants with an IQ 

less than 80. 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 result for either test excluded the 

individual from participation. Alcohol consumption levels for the three months prior to 

the study date were verified by the completion of the Time-Line Follow Back 

Questionnaire (TLFB; Sobell et al., 1979). Designated drivers appointed by the 

participants were also required to sign the consent form.  

Participants returned to the laboratory for the second testing day, at which time 

alcohol was administered. Upon arrival, a second urine sample was collected and tested 

for the presence of illicit drugs and for pregnancy in females. Additionally, an expired air 
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sample was collected and tested for the presence of alcohol (Intoxilyzer SD-5; CMI Inc., 

Owensboro, KY). Participants were not given any special instructions to abstain from 

alcohol use the night before testing. Any participant whose BrAC was greater than 0.00 

g/dl prior to alcohol administration was disqualified from participation. A total of 44 

were consented for study enrollment. Of those 44, 12 were excluded from participation. 

The reasons for exclusion were: positive urine result for marijuana (4/12), no show/could 

not contact for second appointment (3/12), level of alcohol intake too low (3/12), and 

withdrawal of consent due to personal reasons (2/12). 

Participants were randomly assigned to receive a placebo (n=16) or alcohol 

beverage (n=16). Participants were told that they would first be consuming an initial 

beverage equal to roughly three standard drinks, or a placebo beverage. Participants were 

given ten minutes to consume the initial drink, and were allowed 20 minutes for 

absorption. Expired breath alcohol (BrAC) readings were taken after the 20-minute 

absorption period, and the participants completed the test battery. At the completion of 

the test battery BrAC measurements were taken a second time, and participants were 

brought into the drinking laboratory. Participants were instructed that they would be able 

to consume the amount of alcohol they desired within a two-hour time frame. Participants 

were not informed of the total number of drinks available to them, but the total dose 

available for the session was outlined in the informed consent form. At the session start, 

participants were instructed that they would only receive drinks when they were ordered 

by hand wave. They could order one drink at a time by hand wave. Participants were 

asked to drink in a way that they would naturally after having the drink they had 

previously consumed, and that they were not required to drink. They were instructed that 
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the session would always last two hours, regardless of the amount chosen to drink. If 

participants ordered a drink after the pre-determined cut-off point for available alcohol, 

they were told that no more drinks were available for the remainder of the testing session. 

All subjects were reminded of the availability of the $20 bonus for simulated driving 

performance before the drinking session began. The within-drinking session behavior 

was recorded live by a researcher present in the laboratory and digitally recorded via 

surveillance camera.  

Immediately after alcohol administration was complete, participants again 

completed the test battery and returned to the drinking laboratory where their expired 

breath alcohol levels were taken every 20 minutes. Participants reaching an expired 

breath alcohol level of <0.03 g/dl and who satisfactorily completed a field sobriety test 

were allowed to leave the laboratory with a previously appointed designated driver. The 

field sobriety test measured resistance to body sway with head back and eyes closed, 

finger-to-nose touching with eyes closed, walking heel-to-toe for a designated number of 

steps in a straight line, balancing on one leg, and recitation of the alphabet. 

 

Alcohol Administration 

Pre-Loading. All drinks were administered in opaque Styrofoam cups, 

with 2 mL of alcohol on the straw and lid to provide the olfactory and gustatory effects of 

alcohol. Alcohol beverages consisted of 0.6 g/kg 95% alcohol by volume, mixed with 

lemon-lime soda for a total volume of 237 mL. The placebo beverage consisted of an 

equal volume of lemon-lime soda only. The dose was delivered in order to achieve a 
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BrAC of 0.06 g/dl, and has been shown to be effective in priming further alcohol craving 

(Rose and Duka, 2006). All pre-loading drinks were prepared and administered by a 

research assistant to maintain the double-blind nature of the study. 

  Ad Libitum Session. All participants underwent a two-hour drinking session. 

The total available dose of alcohol for all participants was equivalent to two standard 

drinks administered within a two-hour time frame. In this paradigm, 0.4 g/kg 95% 

alcohol was mixed with lemon-lime soda and the 500 mL solution was separated into ten 

50 mL drinks. All drinks were administered in three ounce opaque plastic cups. The total 

cumulative dose available during the ad libitum session would produce a BrAC of 0.04 

g/dl across participants. Therefore, the total cumulative dose including both the pre-

loading and ad libitum session was 1.0 g/kg, resulting in a BrAC of 0.1 g/dl. This dose is 

equivalent to the NIAAA defined binge for males. Alcohol concentrations were reduced 

by 8% to adjust for alcohol metabolism in females (Hindmarch et al., 1991).  

 

Test Battery   

Subjective Intoxication. Two Visual Analog Scales (VAS) were used to 

assess participants’ subjective impairment following alcohol administration. Each visual 

analog scale consisted of a question (“I feel impaired” and “I am confident in operating 

a vehicle”) below which a 100-mm horizontal line indicated a range of responses from 

“not at all” to “extremely”. Participants indicated the degree to which they agreed with 

each statement by drawing a vertical line to intersect the horizontal line. Scores were 

calculated as the distance in millimeters from the left of the line to the intersecting line 

drawn by the participant.  
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Subjective Measurement of Stimulation/Sedation. To assess self-

reported stimulation/sedation following alcohol administration, the Biphasic Alcohol 

Effects Scale (BAES; Martin et al., 1993) was used. The BAES is a 14-item 

questionnaire of two subscales that assess alcohol effects of sedation and simulation. The 

stimulant scale contained the descriptors, “elated, energized, excited, stimulated, 

talkative, up, and vigorous”. The sedative scale contained the descriptors, “down, heavy 

head, inactive, sedated, slow thoughts, sluggish, and difficulty concentrating.” 

Participants rated themselves on each item on a scale of zero to 100. A score of zero 

reflected an answer of “not at all”, and 100 reflected an answer of “extremely.” 

Participants received a total stimulation score by the summing of responses to each 

stimulation question and dividing this number by the total number of questions in the 

scale (10). Sedation scores were determined in an identical fashion using each sedation 

question.  

 

Impulsivity 

Trait Impulsivity. The Barratt Impulsivity Scale (BIS-11; Patton et al., 

1995) was administered to measure trait impulsivity. BIS questions were grouped 

according to the factor of impulsivity they were assessing. Three factors of impulsivity 

were measured: cognitive, motor, and non-planning. A score was derived from each 

participant’s response for each factor. The scores for these three factors were summed to 

determine a total impulsivity score. The higher the total score was, the more impulsive 

the subject was considered to be.  
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State Impulsivity. The Immediate Memory Task (Dougherty et al., 1999) 

was used to measure impulsive responding. In this task participants are instructed that 

they will be responding to five digit numerals displayed briefly on a computer screen. 

When the numbers displayed on the screen exactly match the numbers displayed 

immediately before, participants are instructed to press the left mouse button. If the 

numbers appearing on the screen do not match the numbers that came immediately 

before, they are to withhold any responding. Responses made when the goal of the trial 

was to withhold a response were considered errors of commission, and were indicative of 

impaired behavioral inhibition. 

 

Simulated Driving 

 The STISIM DriveTM (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 were 

instructed to start the car and drive through the course, while maintaining all posted speed 

limits. Participants who completed the 9-mile task in 16 ½ minutes or less with no 

penalties earned a $20 bonus. Participants were penalized $2 from this bonus for each 

collision, any time they were caught speeding, caught driving through a stop sign, or 

caught driving through a red light. Any participant with ten or more penalties received no 

bonus but did not lose additional money.  
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Data Analysis 

Age, IQ, AUDIT, cumulative binge score, and drinks consumed per week were 

analyzed using multiple student t-tests. Student t-tests were used to compare pre-load 

groups on BrAC, and drinks consumed per ad libitum session. As with study II, the two-

hour drinking session was divided into four 30-minute epochs. A between-subjects 

analysis of variance (ANOVAs; 2 group x 4 epoch) was used to compare the distribution 

of aliquots consumed across time epochs. Additionally, as participants each consumed a 

variable amount of alcohol, student t-tests were used to compare the mean time to 

delivery of each beverage between groups. Stimulation and sedation, VAS responses, and 

driving (time spent speeding, mean speed, collisions, and speeding tickets) and IMT 

performance were compared between pre-load groups using a 2 x 3 mixed model 

ANOVA with between-subjects pre-load assignment (placebo/alcohol) and repeated time 

(baseline/post pre-load/post ad libitum session) factors. Group differences were 

considered significant at α = 0.05.  

RESULTS 

Group Demographics 

Participants within the placebo group did not differ significantly from those in the 

alcohol group with respect to age, IQ, AUDIT, cumulative binge score, or drinks 

consumed per week. The groups did significantly differ on trait impulsivity such that the 

alcohol group had a greater mean (± SD) BIS total score than the placebo group (62 ± 6 

vs. 56 ± 9; p < 0.05; Table 1). No gender differences were present with regards to age, IQ 
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or binge score. However, compared to females, males had significantly greater AUDIT 

scores (p < 0.05) and reported a greater number of drinks per week (p < 0.05). 
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Table 1. Demographic data for all subjects in the placebo (n = 16) and alcohol (n = 16) 

groups.  
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Breath Alcohol Concentrations 

The pre-loading drink produced a produced a mean (± SD) BrAC of 0.05 g/dl ± 

0.01 g/dl and the placebo pre-loading beverage produced a mean (± SD) BrAC of 0.00 

g/dl ± 0.00 g/dl. Mean (± SD) BrACs before participants underwent the ad libitum 

drinking session (40 minutes after the initial BrAC reading) was 0.05 g/dl ± 0.01 g/dl in 

the alcohol group and 0.00 g/dl ± 0.00 g/dl in the placebo group. Mean (± SD) BrACs 

immediately following the two-hour ad libitum session were 0.06 g/dl ± 0.02 g/dl in the 

alcohol group and 0.01 g/dl ± 0.02 g/dl in the placebo group. Breath alcohol levels did 

not significantly differ at any point in time between males and females despite alcohol 

concentrations being reduced by 8% for females.  

Drinking 

There were no significant differences in mean (± SD) number of aliquots 

consumed within the ad libitum session by the alcohol group (6 ± 4; cumulative dose 0.2 

± 0.2 g/kg), and placebo group (5 ± 3; cumulative dose 0.2 ± 0.1 g/kg). The mean (± SD) 

cumulative dose consumed throughout the experiment by the alcohol group was 0.83 ± 

0.16 g/kg and 0.24 ± 0.18 g/kg in the placebo group. No interaction of pre-load beverage 

type and time or pre-load beverage effect was observed on the measure of drinks 

consumed per epoch. However, there was a main effect of time (F (1, 30) = 10.1, p < 

0.0001), such that both groups consumed the greatest amount of drinks in the initial 30-

minute epoch (Figure 1).  

There was no significant difference in the latency to order the first beverage 

between those who received an alcohol pre-load and those who received placebo. When 
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the times to order each beverage were compared between the placebo and alcohol group, 

alcohol pre-load significantly increased the latency to order the first three beverages. 

Specifically, the alcohol group ordered the third drink at a mean time of (± SD) of 22 ± 

15 versus 41 ± 23 minutes in the placebo group (p = 0.01). No significant differences in 

time to order subsequent drinks were observed between the alcohol and placebo. Sip 

times (time to finish each drink) were significantly shorter in the alcohol group as 

compared to the placebo group (p <0.05; Figure 2). Ad libitum alcohol consumption and 

sip times did not significantly differ between males and females. 
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Figure 1. Dose received by the placebo (n=16) and alcohol (n=16) groups in each 30-

minute epoch of the 120-minute session. There was a main effect of time (F (1, 30) = 

10.1, p < 0.0001), such that regardless of pre-load type, all participants consumed the 

greatest dose of alcohol in the initial 30-minute epoch. 
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Figure 2. A 0.6 g/kg alcohol preload (n=16) produced significantly shorter mean sip 

times as compared to a 0.0 g/kg placebo pre-load (n=16; p < 0.05).  
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Subjective Effects after Drinking 

BAES. There was no significant main effect or interaction between pre-load 

assignment of time of testing on ratings of stimulation or sedation. Ratings of stimulation 

and sedation did not differ as a result of gender after placebo or alcohol.  

VAS. On the impairment scale, there was a main effect of pre-load assignment 

and time of testing. Ratings of impairment did not significantly differ between the 

placebo and alcohol groups at baseline, or following the ad libitum session. Alcohol 

significantly increased feelings of impairment following the pre-load beverage as 

compared to placebo F (1, 30) = 8.19, p < 0.01. Similarly, ratings of confidence in 

driving did not differ between the groups at baseline or after the ad libitum drinking 

session. However, alcohol led to a significant decrease in reported confidence 

immediately following the pre-load as compared to placebo (p < 0.01; Figure 3). Ratings 

of impairment and confidence in driving did not differ after alcohol or placebo between 

gender groups.  
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Figure 3. Alcohol pre-load (0.6 g/kg) significantly increased ratings of impairment (top 

panel) and decreased ratings of confidence in driving (bottom panel) as compared to 

placebo (0.0 g/kg) pre-load (* = p < 0.05). Ratings of impairment and driving confidence 

did not differ between pre-load groups following the ad libitum session, though BrAC 

levels significantly differed (p < 0.05) between the placebo and alcohol group at this time 

point (0.06 g/dl ± 0.02 g/dl in the alcohol group vs. 0.01 g/dl ± 0.02 g/dl in the placebo 

group) 
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Behavioral Disinhibition 

There were no significant main effects of pre-load assignment or interaction 

effects on errors of commission. However, there was a significant main effect of time of 

testing, such that commission errors were greatest at baseline as compared to after 

alcohol within both the placebo and alcohol groups. There was a significant main effect 

of alcohol on percent correct detections, such that alcohol decreased correct detections 

significantly after the preload relative to placebo F (1, 30) = 8.19, p < 0.05. There was a 

trend toward lowered percent correct detections in the alcohol group relative to placebo 

following the ad libitum session (p = 0.06; Figure 4). Errors of commission and correct 

detections did not differ between males and females at any time point.  

 

 

 

 

 

 

 

 

 



	   133 

133 

Baseline Post Pre-Load Post Ad-Lib
0

20

40

60

80

100 Placebo
Alcohol

*
%

  C
or

re
ct

 D
et

ec
tio

ns

 

Figure 4. Alcohol pre-load significantly decreased percent correct detections on the IMT 

as compared to placebo pre-load (* = p < 0.05). 
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Driving 

There was a significant main effect of time of testing on mean speed throughout 

the driving simulation. Mean speed was significantly lower at baseline as compared to 

time points immediately following the pre-load and immediately following the ad libitum 

drinking session F (1,30) = 3.3, p < 0.05. There was no main effect of alcohol or 

interaction effect. No other driving measures were significantly affected by alcohol or 

time of testing (Table 2). No significant gender effects were present on the simulated 

driving task.  
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Table 2. Mean simulated driving measures under the 0.0 g/kg (placebo) and 0.60 g/kg 

alcohol dose and after the ad libitum drinking paradigm.  
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DISCUSSION 

 In summary, an alcohol pre-load did not affect the total amount of alcohol 

consumed during the ad libitum session. However, alcohol was found to decrease the 

mean time taken to finish each drink. Contrary to our hypothesis, alcohol pre-loading did 

not increase levels of behavioral disinhibition or stimulation. Additionally, alcohol pre-

loading did not lead to impaired driving relative to placebo. We hypothesized that 

behavioral disinhibition and simulated driving would be further impaired as additional 

alcohol was consumed within the ad libitum session, though the data did not support this 

hypothesis.  

Though existing research suggests that pre-drinking leads to more alcohol being 

consumed than not pre-drinking (Borsari et al., 2007), our model did not support this 

claim. Rather, individuals who consumed a placebo pre-load beverage consumed a 

similar amount of alcohol in the ad libitum session. These findings suggest that binge 

drinkers, when given access to alcohol will consume a similar amount whether or not 

they had previously been drinking. This is troubling as pre-gaming may lead binge 

drinkers to drink well past the point of intoxication when alcohol later becomes available 

ad libitum. This suggests that excessive alcohol intake within a pre-game session may 

still be associated with later drinking at a bar or a party.  

Alcohol decreased the mean amount of time to finish each drink (Figure 2). The 

level of intoxication produced by an alcoholic beverage is determined partly by the pace 

at which it was consumed (Higgs et al., 2008). This suggests that, although a similar 

amount of alcohol was consumed overall in the ad libitum session, those participants who 
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received an alcohol pre-load were drinking in a way to maximize the intoxication 

produced by alcohol. The perceptual cues of alcohol intoxication have been reported in as 

little as five minutes (Oldendorf, 1992). Rapid alcohol consumption has been linked with 

an increased risk of blackouts, passing out, hangovers, and alcohol poisoning (DeJong et 

al., 2010). Thus, fast drinking during the ad libitum session in response to an alcohol pre-

load may put binge drinkers at greater risk of experiencing the immediate deleterious 

effects of alcohol.  

Participants were not required to consume any amount of alcohol in the ad libitum 

session; yet all but three individuals in the alcohol pre-load group chose to drink. The 

continuation of drinking may be an attempt to maintain a certain level of intoxication or 

perceived feelings of stimulation and avoid feelings of sedation related to the initial 

alcohol exposure. Additionally, participants were made aware of the availability of a 

monetary bonus based on their performance on the driving simulator. Despite the 

opportunity to earn additional money, many participants continued to consume alcohol, 

increasing their level of intoxication and presumably decreasing their ability to drive 

safely. This may be indicative of continuing to drink despite adverse consequences, a 

defining characteristic of hazardous drinking and dependence (Babor et al., 2001).  

 Contrary to our hypothesis, we did not observe an increase in behavioral 

disinhibition after the alcohol pre-load relative to placebo, or following the ad libitum 

session. The finding that alcohol did not increase commission errors after an alcohol pre-

load was surprising, as alcohol is generally acknowledged to increase behavioral 

disinhibition (Dougherty et al., 2008; Fillmore and Vogel-Sprott, 1999; Marczinski et al., 

2005; Mulvihill et al., 1997; Ortner et al., 2003; Reynolds et al., 2006; Richards et al., 
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1999). Additionally, we observed the alcohol group reporting higher rates of trait 

impulsivity as compared to the placebo group (Table 1). However the differences in trait 

impulsivity did not persist in measured state impulsivity, as we did not observe any group 

differences on the IMT at baseline.  

Our findings may have been due to the task used to measure behavioral 

disinhibition, the IMT. The IMT was chosen due to the simplistic nature of the task. The 

task requires subjects to respond to matching numbers with a mouse click, and to make 

no response when non-matching numbers were presented. Past studies in the laboratory 

have investigated state impulsivity (Shannon et al. 2011; Bernosky and Liguori, 2009) 

through use of the GoStop impulsivity paradigm (Dougherty et al., 2009). In the GoStop 

paradigm subjects are asked to not only respond to matching stimuli, but also withhold 

responding when stimuli change from black to red. This color change occurs at variable 

millisecond delays. Due to the complex nature of this task, participants generally did not 

perform the task correctly, and participants were frequently asked to repeat trials. This 

led to data being collected at different time points after alcohol administration and thus 

varying breath alcohol concentration for individuals. The repeated GoStop trials limited 

the generalizability to the effects of alcohol on disinhibition, as participants may have 

been at different points of the breath alcohol curve when data were obtained. Thus, the 

IMT was chosen to reduce incorrect responding by participants by providing a task with 

simple instructions that would be sensitive to alcohol effects.  

 Past studies using IMT have found variable results. Initial studies using the IMT 

reported that errors of commission on the task are unaffected by alcohol (Dougherty et 

al., 1999). Another study found that alcohol increased commission errors on the IMT, but 
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only after a dose of 1.0 g/kg (Dougherty et al., 2002). However, more recent studies have 

reported dose dependent increases in errors of commission following 0.06 g/kg and 0.08 

g/kg alcohol (Dougherty et al. 2008). Although the prior study did observe dose-

dependent IMT differences, no alcohol effects were present on the GoStop Impulsivity 

Paradigm or Single Key Impulsivity Paradigm. This prior study acknowledges the 

necessity of using multiple measures of impulsivity within a study. As impulsivity is a 

multi-faceted construct, future studies should incorporate multiple tasks to measure each 

component of state impulsivity. Alternate tasks may have revealed alcohol effects on 

behavioral disinhibition.  

 Additionally, we did not observe any group differences on any measures of 

simulated driving after pre-load administration or after the ad libitum session. 

Performance on the driving simulator was most impaired at baseline and improved 

throughout the experiment regardless of alcohol consumed. This general lack of alcohol 

effects on simulated driving was not observed in study I or study II. Study I found a main 

effect of alcohol on collisions and centerline crossings, while study II found that alcohol 

increased mean speed on the simulation relative to baseline. One possibility for this lack 

of effect is the difference in alcohol doses between each study. The pre-load used in the 

current study was 0.6 g/kg (resulting in a mean BrAC of 0.05 g/dl), as compared to the 

dose of 0.8 g/kg used in the prior studies. Studies have illustrated that simulated driving 

performance worsens as the dose of alcohol increases (Liu and Ho 2010; Rakauskas et al. 

2008). It is possible that the dose of 0.6 g/kg was not sufficient to cause driving 

impairment in regular binge drinkers, which may be evident by modest reports of 

impairment in those participants receiving alcohol (Table 2).  
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Additionally, one study suggests that binge drinkers are most impaired in a task of 

simulated driving on the descending limb of the breath alcohol curve (Marczinski and 

Fillmore, 2009). Participants were tested on the driving simulator at 40 minutes after 

administration of the pre-load, placing them on the ascending limb on the breath alcohol 

curve at this time. This timing may account for the lack of alcohol-induced driving 

impairment seen in those who received alcohol relative to those who received placebo. 

Furthermore, participants had consumed a variable amount of alcohol within the ad 

libitum task, which may have resulted in participants being at different points on the 

BrAC curve in accordance with dose consumed – increasing variability and the likelihood 

of detecting an effect. Finally, it is likely that multiple within-session driving simulations 

may have minimized alcohol effects.  

 In summary, alcohol pre-load did not significantly affect driving behavior, 

behavioral disinhibition, stimulation, or dose consumed during an ad libitum drinking 

paradigm relative to placebo. However, the alcohol group continued to consume a similar 

amount of alcohol to the placebo group in the ad libitum session. This further drinking 

may be illustrative of the priming effect experienced by binge drinkers in response to 

alcohol. In the clinical literature, the priming effect refers to the chain reaction set into 

motion when alcohol is consumed and the individual experiences loss of control over 

their drinking (Marlatt et al., 1973). Pre-gaming may lead to continued drinking when 

given access to alcohol, which promotes excessive alcohol intake.  

 

 



	   141 

141 

REFERENCES 

Babor T. F., Higgins-Biddle J. C., Saunders J. B., & Monteiro M. G. (2001). The Alcohol 

Use Disorders Identification Test (AUDIT) Manual. World Health Organization: 

Geneva. 

Barratt E. S., & Patton J. H. (1983). Impulsivity: cognitive, behavioral and 

psychophysiological correlates. In M. Zuckerman (Ed.) Biological Bases of 

Sensation Seeking, Impulsivity, and Anxiety (pp. 77-122). Hillsdale, NJ: Lawrence 

Erlbaum Associates. 

Bernosky K. A., & Liguori A. (2009, June). Behavioral effects of alcohol as a function of 

binge frequency. Poster session presented at: Research Society on Alcoholism, 

San Diego, CA.  

Borsari B., Boyle K. E., Hustad J. T. P., Barnett N. P., O’Leary Tevyaw T., & Kahler C. 

W. (2007). Drinking before drinking: pregaming and drinking games in mandated 

students. Addictive Behaviors, 32, 2694-2705. 

Centers for Disease Control and Prevention (2006): Behavioral Risk Factor Surveillance 

System Data Quality Report Handbook. In. Centers for Disease Control and 

Prevention: Atlanta, GA. 

Chassin L., Pitts S. C., & Prost J. (2002). Binge drinking trajectories from adolescence to 

emerging adulthood in a high-risk sample: predictors and substance abuse 

outcomes. Journal of Consulting and Clinical Psychology. 70(1), 67-78. 



	   142 

142 

Corbin W. R., Gearhardt A., & Fromme K. (2008). Stimulant alcohol effects prime 

within session drinking behavior. Psychopharmacology, 197, 327-337. 

DeJong W., DeRicco B., & Schneider S. K. (2010). Pregaming: an exploratory study of 

strategic drinking by college students in Pennsylvania. The Journal of American 

College Health, 58(4), 307-316.  

Dougherty D. M., Marsh D. M., & Mathias C. W. (2002). Immediate and delayed 

memory tasks: a computerized behavioral measure of memory, attention, and 

impulsivity. Behavior Research Methods, Instruments, and Computers: A Journal 

of the Psychonomic Society, Inc, 34(3), 391-398. 

Dougherty D. M., Marsh D. M., Moeller F. G., Chokshi R. V., & Rosen V. C. (2000). 

Effects of moderate and high doses of alcohol on attention, impulsivity, 

discriminability, and response bias in immediate and delayed memory task 

performance. Alcoholism: Clinical & Experimental Research, 24, 1702-1711. 

Dougherty D. M., Marsh-Richard D. M., & Hatzis E. S. (2008). A test of alcohol dose 

effects on multiple behavioral measures of impulsivity. Drug and Alcohol 

Dependence, 96, 111-20. 

Dougherty D. M., Mathias C. W., & Marsh-Richard D. M. (2009). Distinctions in 

behavioral impulsivity: implications for substance abuse research. Addictive 

Disorders & Their Treatment, 8, 61-73.  

Dougherty D. M., Moeller F. G., Steinberg J. L., Marsh D. M., Hines S. F., & Bjork J. M. 

(1999). Alcohol increases commission errors rates for a continuous performance 

task. Alcoholism: Clinical & Experimental Research, 23(8), 1342-51. 



	   143 

143 

Fillmore M. T., & Vogel-Sprott, M. (1999) An alcohol model of impaired inhibitory 

control and its treatment in humans. Experimental and Clinical 

Psychopharmacology, 7, 49-55. 

First M. B., Spitzer R. L., Gibbon M., & Williams B. W. (2002). Structured Clinical 

Interview for DSM-IV-TR Axis I Disorders, Research Version, Patient Edition. 

(SCID-I/P) New York: Biometrics Research, New York State Psychiatric 

Institute. 

Gerbing D. W., Ahadi S. A., & Patton J. H. (1987). Toward a conceptualization of 

impulsivity: Components across behavioral and self-report domains. Multivariate 

Behavioral Research, 22, 357-379. 

Higgs S., Stafford L. D., Attwodd A. S., Walker S. C., & Terry P. (2008). Cues that 

signal the alcohol content of a beverage and their effectiveness at altering 

drinking rates in young social drinkers. Alcohol and Alcoholism, 43(6), 630-635.  

Hodgson R., Rankin H., & Stockwell T. (1979). Alcohol dependence and the priming 

effect. Behaviour Research and Therapy, 17, 379-387. 

Hughes K., Anderson Z., Morleo M., & Bellis M. A. (2008). Alcohol, nightlife and 

violence: the relative contributions of drinking before and during nights out to 

negative health and criminal justice outcomes. Addiction, 103, 60-65. 

Liu Y. C., & Ho C. H. (2010). Effects of different blood alcohol concentrations on post-

alcohol impairment on driving behavior and task performance. Traffic Injury 

Prevention, 11(4), 334-341.  



	   144 

144 

Liguori A., D’Agostino R. B. Jr., Dworkin S. I., Edwards D., & Robinson J. H. (1999). 

Alcohol effects on mood, equilibrium, and simulated driving. Alcoholism: 

Clinical & Experimental Research, 23(5), 815-21. 

Marczinski C. A., Abroms B. D., & Van Selst M. (2005). Alcohol-induced impairment of 

behavioral control: differential effects on engaging vs. disengaging responses. 

Psychopharmacology, 182, 452-9. 

Marczinski C. A., Harrison E. L., & Fillmore M. T. (2008). Effects of alcohol on 

simulated driving and perceived driving impairment in binge drinkers. 

Alcoholism: Clinical & Experimental Research, 32, 1329-1337. 

Marczinski, C. A., & Fillmore, M. T. (2009). Acute alcohol tolerance on subjective 

intoxication and simulated driving performance in binge drinkers. Psychology of 

Addictive Behaviors: Journal of the Society of Psychologists in Addictive 

Behaviors, 23(2), 238-247.  

Martin C. S., Earleywine M., Musty R. E., Perrine M. W., & Swift R. M. (1993). 

Development and validation of the Biphasic Alcohol Effects Scale. Alcoholism: 

Clinical & Experimental Research, 17, 140-146. 

Marlatt G. A., Demming B., & Reid J. B. (1973). Loss of control drinking in alcoholics: 

an experimental analogue. Journal of Abnormal Psychology, 81(3), 233-241. 

Mehrabian A., & Russell J. A. (1978). A questionnaire measure of habitual alcohol use. 

Psychological Reports, 43, 803-806. 



	   145 

145 

Mulvihill L. E., Skilling T. A., & Vogel-Sprott M. (1997). Alcohol and the ability to 

inhibit behavior in men and women. Journal of Studies on Alcohol and Drugs, 58, 

600-5. 

Naimi T. S., Brewer R. D., Mokdad A., Denny C., Serdula M. K., & Marks J. S. (2003). 

Binge drinking among US adults. The Journal of the American Medical 

Association, 289, 70-75. 

NHSTA. 2009. Traffic Safety Facts 2009. Alcohol. DOT HS 811 016. National Highway 

Traffic Safety Administration. 

NIAAA (National Institute of Alcohol Abuse and Alcoholism). NIAAA council approves 

definition of binge drinking. Newsletter 2004 (Winter); 3:3. 

Oldendorf W. H. (1992). Some relationships between addiction and drug delivery to the 

brain. NIDA Research Monographs, 120, 13-25. 

Ortner C. N., MacDonald T. K., & Olmstead M. C. (2003). Alcohol intoxication reduces 

impulsivity in the delay-discounting paradigm. Alcohol and Alcoholism, 38, 151-

6. 

Patton J. H., Stanford M. S., & Barratt E. S. (1995). Factor structure of the Barratt 

impulsiveness scale. Journal of Clinical Psychology, 51, 768-774. 

Presley, C. A., & Pimentel, E. R. (2006). The introduction of the heavy and frequent 

drinker: a proposed classification to increase accuracy of alcohol assessments in 

postsecondary educational settings. Journal of Studies on Alcohol, 67(2), 324-

331. 



	   146 

146 

 

Quinlan K. P., Brewer R. D., Siegel P., Sleet D. A., Mokdad A. H., Shults R. A., & 

Flowers N. (2005). Alcohol-impaired driving among U.S. adults 1993-2002. 

American Journal of Preventive Medicine, 28, 346-350. 

Rakauskas M. E., Ward N. J., Boer E. R., Bernat E. M., Cadwallader M., & Patrick C. J. 

(2008). Combined effects of alcohol and distraction and distraction on driving 

performance. Accident Analysis and Prevention, 41(5), 1742-1749.  

Reynolds B., Richards J. B., & de Wit H. (2006). Acute-alcohol effects on the 

Experiential Discounting Task (EDT) and a question-based measure of delay 

discounting. Pharmacology Biochemistry and Behavior, 83, 194-202. 

Richards J. B., Zhang L., & Mitchell S. H. (1999). Delay or probability discounting in a 

model of impulsive behavior: effect of alcohol. Journal of the Experimental 

Analysis of Behavior, 71, 121-43. 

Rose A. K., & Duka T. (2006). Effects of dose and time on the ability of alcohol to prime 

social drinkers. Behavioural Pharmacology, 17, 61-70. 

Rose A. K., & Grunsell L. (2008). The subjective, rather than the disinhibiting, effects of 

alcohol are related to binge drinking. Alcoholism: Clinical & Experimental 

Research, 32, 1096-1104. 

Saunders J. B., Aasland O. G., Babor T. F., de la Fuente J. R., & Grant M. (1993). 

Development of the Alcohol Use Disorders Identification Test (AUDIT): WHO 



	   147 

147 

Collaborative Project on Early Detection of Persons with Harmful Alcohol 

Consumption--II. Addiction, 88, 791-804. 

Shannon E. E., Staniforth E. R., McNamara J., Bernosky-Smith K. A., & Liguori A. 

(2011). Response inhibition predicts alcohol-induced sedation. Alcohol and 

Alcoholism, 46(1), 33-38.  

Sobell L. C., Maisto S. A., Sobell M. B., & Cooper A. M. (1979). Reliability of alcohol 

abuser’s self-reports of drinking behavior. Behaviour Research and Therapy, 17, 

157-160. 

Townshend J. M., & Duka T. (2002). Patterns of alcohol drinking in a population of 

young social drinkers: a comparison of questionnaire and diary measures. Alcohol 

and Alcoholism, 2, 189-192. 

Townshend J. M., & Duka T. (2005). Binge drinking, cognitive performance and mood in 

a population of young social drinkers. Alcoholism: Clinical & Experimental 

Research, 29, 317-325. 

Verdejo-Garcia A., Lawrence A. J., & Clark L. (2008). Impulsivity as a vulnerability 

marker for substance-use disorders: review of findings from high-risk research, 

problem gamblers and genetic association studies. Neuroscience and Behavioral 

Reviews, 32, 777-810. 

Weafer J., & Fillmore M. T. (2008). Individual differences in acute alcohol impairment 

of inhibitory control predict ad libitum alcohol consumption. 

Psychopharmacology, 201, 315-24. 



	   148 

148 

Wechsler D. Manual for the Wechsler Abbreviated Scale of intelligence. San Antonio, 

TX: The Psychological Corporation, 1999. 

Wechsler H., Davenport A., Dowdall G., Moeykens B., & Castillo S. (1994). Health and 

behavioral consequences of binge drinking in college. A national survey of 

students at 140 campuses. The Journal of the American Medical Association, 272, 

1672-1677. 

Wechsler H., Dowdall G. W., Davenport A., & Castillo S. (1995). Correlates of college 

student binge drinking. American Journal of Public Health, 85, 921-926. 

Wechsler H., Dowdall G. W., Maenner G., Gledhill-Hoyt J., & Lee H. (1998). Changes 

in binge drinking and related problems among American college students between 

1993 and 1997. Results of the Harvard School of Public Health College Alcohol 

Study. The Journal of American College Health, 47, 57-68. 

Wechsler H., Lee J. E., Kuo M., & Lee H. (2000). College binge drinking in the 1990s: a 

continuing problem. Results of the Harvard School of Public Health 1999 College 

Alcohol Study. The Journal of American College Health, 48, 199-210. 

Wechsler H., & Nelson T. F. (2001). Binge drinking and the American college student: 

what's five drinks? Psychology of Addictive Behaviors, 15, 287-291. 

Wells S., Graham K., & Purcell J. (2009). Policy implications of the widespread practice 

of 'pre-drinking' or 'pre-gaming' before going to public drinking establishments: 

are current prevention strategies backfiring? Addiction, 104, 4-9. 



	   149 

149 

White A. M., Kraus C. L., & Swartzwelder H. (2006). Many college freshmen drink at 

levels far beyond the binge threshold. Alcoholism: Clinical & Experimental 

Research, 30, 1006-1010. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	   150 

150 

CHAPTER V 

SUMMARY AND CONCLUSIONS 

Binge drinking, defined as the consumption of five drinks for men and four drinks 

for women in a two-hour time span, is a growing phenomenon within the United States 

and is associated with great cost to the public. Binge drinking is associated with a 

multitude of deleterious effects, including falls, assaults, injuries, and automobile 

accidents (Wechsler et al., 1994). Excessive drinking is associated with approximately 

100,000 deaths per year, as well as substantial health care and social costs (Holder et al., 

1995). Binge drinking specifically was implicated in nearly half of all estimated deaths 

due to alcohol use (CDC, 2010). The total yearly cost associated with alcohol related 

problems is estimated to be approximately $148 billion (Harwood et al., 1998). A heavy 

and frequent pattern of bingeing has been associated with a greater incidence of alcohol-

related negative consequences, including driving while intoxicated and driving under the 

influence arrests, compared with reports by non-bingers (Presley and Pimentel, 2006). 

Therefore, the present series of studies was designed to elucidate factors that may 

contribute to the vulnerability to the negative consequences of alcohol in binge drinkers.  

Little is known about naturalistic patterns of drinking within binge drinkers, and 

how patterns of consumption differ as a function of binge frequency. Early clinical data 

suggest that heavy drinking may be associated with unique patterns of alcohol 

consumption, primarily the gulping of drinks (Nathan et al., 1971). Fast drinking 

increases the perceptual intoxication produced by a beverage (Higgs et al., 2008). It 

seems intuitive that binge drinkers would drink in a way that would lead to greater 



	   151 

151 

intoxication; as the primary goal of bingeing is generally to become intoxicated in the 

shortest amount of time possible (Crabbe et al., 2011). Despite the appeal of this 

hypothesis, little research has investigated the unique within-session drinking patterns 

that may help define binge drinkers as a group more accurately. Furthermore, little is 

known about the naturalistic drinking patterns in binge drinkers following a dose of 

alcohol. The growing phenomenon of “pre-gaming” or “pre-drinking” is described as 

planned heavy drinking before going to a public drinking establishment (Wells et al., 

2009). A priming dose of alcohol leads to increases in craving and wanting of alcohol 

(Rose and Duka, 2006). However, actual drinking behavior after an alcohol prime is 

seldom characterized.  

Furthermore, we sought to determine the effects of an alcohol binge on the 

subsequent behavior of binge drinkers. Past research has indicated that binge drinkers are 

more susceptible to the deleterious effects of alcohol than non-bingers, specifically with 

regards to impaired driving. This may be a result of binge drinkers’ characteristically 

poor ability to estimate their own level of impairment after drinking (Beirness, 1987), 

though the reason for this inaccuracy is not accounted for. We hypothesized that the 

frequent binge drinking may lead to reduced perception of impairment after alcohol that 

would maximize engagement in deleterious behaviors.  

Research has shown that the pace of alcohol drinking may have some effect on 

subsequent behavior. The rate of alcohol drinking has been negatively correlated with 

performance on a cognitive task (Jones and Vega, 1973). Fast rates of alcohol 

consumption have also been associated with performance impairment on psychomotor 

tasks (Moskowitz and Burns, 1976). However, these studies used bolus dosing methods 
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and time constraints for beverage completion rather than more realistic ad libitum 

consumption paradigms to assess the influence of pace of drinking within a binge and 

later behavior.  

The present series of experiments were designed to address these issues with three 

major goals. The first was to operationalize binge drinking as the act of drinking to 

intoxication and to recruit binge drinkers based on this definition. Using this 

classification would identify heavy binge drinkers who may be more likely to experience 

the immediate deleterious consequences associated with alcohol use. The second was to 

develop alcohol administration procedures that would model a binge session more 

realistically than conventional procedures. The third was to quantify drinking patterns of 

binge drinkers with and without an alcohol prime, and draw conclusions about pace of 

drinking and its influence on behavior.  

To summarize the main findings of the present studies, binge drinkers 

characteristically consume alcohol in a rapid manner, specifically early within a binge 

session. This pattern of drinking occurs independently of whether or not a binger 

consumes alcohol prior to an ad libitum session. Furthermore, the fast drinking of binge 

drinkers is associated with increased speeding and collisions with other vehicles. 

Additionally, fast drinking is associated with increased confidence in driving after 

drinking. Frequent binge drinking may also alter attitudes about driving after drinking. 

These findings were a product of using a cumulative binge score to classify binge 

drinkers and by using novel alcohol administration techniques to elucidate differences in 

drinking rates.  
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Binge drinking operationalized. Current epidemiological studies operationalize 

binge drinking as the consumption of 5/4 drinks in one sitting during some time frame. 

The original Harvard study (Wechsler et al. 1994), that brought about the current NIAAA 

definition of binge drinking classified binge drinkers by their answer to the question: 

“have you consumed 4/5 drinks in one sitting in the past month.” If the answer was no, 

they were classified as non-bingers. If the answer was yes, they were classified as binge 

drinkers and lent themselves to statistics on heavy episodic drinking. By these definitions, 

an individual who regularly consumes 10 drinks each Friday and Saturday night and an 

individual who consumes four drinks in two hours once per month would be classified 

together under the umbrella term “binge drinker.” 

Since the NIAAA’s adoption of the current definition, much contention has 

surrounded the definition of binge drinking. Opponents of the current definition assert 

that defining bingeing as the consumption of 5/4 drinks in a two hour period does not 

fully characterize the excessive, hazardous drinking that may lead to subsequent harm 

(DeJong 2003; White et al., 2006). Thus, a primary goal of study I was to compare the 

classical definition of a binge drinker (an individual who had consumed 5/4 drinks in a 

two-hour period in the past 30 days) to an individual who regularly drank to heavy 

intoxication, thus fitting the colloquial definition of binge drinking. This would be 

defined as “drinking alcoholic beverages with the primary intention of becoming 

intoxicated by heavy consumption of alcohol over a short period of time” (Crabbe et al., 

2011). 

To accomplish this, the Cumulative Binge Score was used to classify binge 

drinkers. This score used the final three questions of the Alcohol Use Questionnaire 
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(Mehrabian & Russell, 1978) to quantify the pattern of drinking in participants. 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 six months, and 

the percentage of times that drinking leads to intoxication. High-frequency (HF) binge 

drinkers were defined by a score ≥ 24. Low-frequency (LF) binge drinkers had scores < 

24 and reported only one NIAAA-defined binge session per month in the past three 

months.  

Binge drinkers, when compared to regular or moderate drinkers, would 

presumably differ by amount for alcohol consumed. However, when bingers were 

compared to non-bingers, each group consumed a similar amount of alcohol, but differed 

considerably in their pattern of alcohol consumption (Townshend and Duka, 2002). 

When LF binge drinkers were compared to HF binge drinkers in study I, it was also 

observed that these groups reported similar levels of weekly alcohol consumption. The 

HF group reported a greater mean ± SD number of times drunk in the past 6 months (9.0 

± 6.9 vs. 2.0 ± 2.1) and percentage of times leading to intoxication (38.1 ± 22.8 vs. 6.7 ± 

4.9; Chapter II, Table 1) as compared to the LF group. These data suggest that although 

these two groups were consuming a similar level of alcohol on a weekly basis, they were 

consuming it in much different patterns. These data suggest that LF binge drinkers, 

despite having engaged in a heavy episodic drinking episode in the 30 days prior to the 

study, would likely be classified as regular or moderate drinkers.  

The cumulative binge score operationalized binge drinking as the act of drinking 

to extremes of intoxication, which are defined as “loss of coordination, nausea and/or 

inability to speak clearly” (Mehrabian and Russell, 1978). The primary measure that 
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increases the cumulative binge score is the percentage of drinking episodes leading to 

intoxication. Thus, higher binge scores signify a decrease in an individual’s ability to 

maintain levels of alcohol consumption that would not result in high levels of 

intoxication, or conversely, an increased desire to get drunk when drinking. Loss of 

control of drinking is a primary component of alcoholism (Marlatt et al., 1973) 

suggesting that individuals with the highest binge scores may be most at risk for future 

abuse and dependence. Data from these experiments show that a cumulative binge score 

is an informative way to identify binge drinkers most at risk for future alcohol problems. 

Most importantly, we found that there was a difference in behavior between HF 

binge drinkers (defined by the cumulative binge score) and LF binge drinkers (defined by 

the classical NIAAA definition). Specifically, study I found that confidence in driving 

was significantly reduced after alcohol relative to placebo in LF binge drinkers. 

Conversely, there was no significant difference between reported levels of driving 

confidence between HF binge drinkers who received alcohol and those who received 

placebo (Bernosky-Smith et al. 2011). These data suggest that HF binge drinkers may be 

less sensitive to the impairing effects of a 0.8 g/kg dose of alcohol that would normally 

signal an inability to drive and may be more likely to drive after drinking. Traditional 

means of classifying binge drinkers would not be able to make this connection, as LF and 

HF binge drinkers reported similar levels of weekly alcohol consumption.  

Modeling a binge. Within study I, we sought to develop an alcohol administration 

technique that would closely emulate a NIAAA-defined binge. As all participants were 

females in the initial study, this would correspond to four drinks consumed within a two-

hour period. To achieve a cumulative BrAC of 0.08 g/dl, many studies rely on bolus 
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dosing methods. However, this may not translate to real-life drinking scenarios, as 

individuals enrolled in our studies generally report consuming one or two drinks per hour, 

rather than four. To address this issue, we chose to spread drink administration over a 

two-hour period. Individuals were administered one 0.02 g/kg drink every thirty minutes. 

Participants were allowed ten minutes to consume the beverage and twenty minutes to 

allow for absorption.  

 Breathalyzer readings at the end of the two-hour binge session revealed that this 

dosing method produced BrACs within NIAAA defined levels for a binge. When 

collapsing all participants together regardless of binge frequency, mean (± SD) BrAC 

levels after the session were 0.09 g/dl ± 0.03 g/dl. The HF group reached a mean (± SD) 

BrAC of 0.09 g/dl ± 0.04 g/dl, whereas the LF binge group reached a mean (± SD) BrAC 

of 0.08 g/dl ± 0.01 g/dl after the simulated binge (Chapter II, Figure 1). These breath 

alcohol levels are similar to those reported in studies using a bolus dosing method. These 

data suggest that administering four drinks over a two-hour period is an empirically valid 

method of alcohol delivery to model a binge.  

Heavy drinking concentrated early in a binge session. Though it is postulated 

that pace of drinking may be a differentiating factor between heavy and light drinkers, 

naturalistic patterns of drinking have not been quantified in any level of drinker. To 

quantify patterns of alcohol consumption, a dosing method was used to deliver a binge 

across ten small drinks. This is a version of alcohol administration based on the delivery 

of an alcohol prime described in prior studies (Rose and Duka 2006; Rose and Grunsell 

2008). Within the prior studies, a 0.60 g/kg dose of alcohol was mixed with a sweet 

solution to make a total volume of 500 mL. The 500 mL solution was split into ten small 
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50 mL aliquots, and these ten drinks were consumed at three-minute intervals over a 30-

minute period, resulting in a mean ± SD BrAC of 0.066 ± 0.003 g/dl. To assess patterns 

of drinking in binge drinkers, we adapted this alcohol administration paradigm so that 

participants could consume the ten drinks across a two-hour period in accordance with 

the NIAAA-defined time span for a binge episode. In our paradigm, subjects raised their 

hand each time they desired a drink, which was then delivered by the experimenter. This 

administration procedure can be conceptualized as an operant task as the participant was 

required to emit a response each time they desired more alcohol.  

 In study II, HF and LF binge drinkers were compared with regard to their pace of 

drinking. Contrary to our hypothesis, the pace of drinking did not differ as a function of 

binge frequency. That is, the HF group did not consume their ten drinks at a faster rate 

throughout the two-hour session than the LF group. Rather, it was found that that both the 

HF and LF group consumed the ten drinks at a similar rate throughout the session. When 

the session was broken down into 30-minute epochs, both groups consumed the largest 

dose of alcohol in the initial 30 minutes rather than spreading consumption across the two 

hour drinking session. 

 This initial burst of responding for alcohol was also observed in study III, which 

compared binge drinkers’ (not separated by binge frequency) ad libitum drinking after an 

alcohol or placebo pre-load beverage. Both the alcohol and placebo group consumed the 

largest dose of alcohol within the initial thirty minutes of the ad libitum session. These 

data suggest that binge drinkers are likely to consume a similar amount of alcohol in a 

drinking situation independent of whether or not they had been drinking previously. 

When breaking binge drinking down into its component parts, perhaps rapid drinking at 
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the start of a session is characteristic of heavy episodic drinkers in an attempt to 

maximize the intoxicating effects of alcohol. Perhaps this burst of initial responding may 

be indicative of a loading phase where individuals “load up” to a blood level of alcohol, 

which they maintain throughout the session. Maintenance was demonstrated by regular 

responding for alcohol that was equivalent between subsequent epochs. It is likely that 

this pattern of alcohol consumption was governed by the desire to maintain the positive 

stimulating effects of alcohol and avoid the aversive sedating effects. As we did not 

quantify levels of stimulation and sedation during the drinking session this remains 

unsubstantiated. 

Pace of drinking and driving behavior. Early studies in the alcohol literature 

suggest the pace of drinking predicts the level of impairment seen in individuals both 

cognitively and behaviorally. The rate of alcohol drinking has been negatively correlated 

with performance on a cognitive task (Jones and Vega, 1973). Fast rates of alcohol 

consumption have also been associated with performance impairment on psychomotor 

tasks (Moskowitz and Burns, 1976). However, both of the prior studies administered 

alcohol in a bolus fashion with participants given a predetermined amount of time to 

finish each drink. What is lacking from these studies is a) data on preferred rate of 

drinking; b) data on the effects of binge level exposure over a realistic length of time. 

Data from the current set of studies suggest that the speed of alcohol consumption is an 

important factor in determining an individual’s level of driving confidence after drinking 

and their approach to driving. 

 Fast alcohol drinking was associated with increased reported confidence in 

driving after drinking (Chapter III, Figure 6). Study I also observed altered attitudes 
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toward driving in the HF binge group (Chapter II, Figure 2). However, secondary 

analyses in study II found no association between binge score and reported confidence in 

driving. As binge frequency was not associated with driving confidence in study II, the 

finding that increased drinking speed was associated with increased driving confidence 

may be a result of physiological (alcohol metabolism) and/or subjective (acute tolerance) 

processes.  

Within study II, the driving simulation was conducted 40 minutes after the end of 

the two-hour drinking session. Thus, those individuals who consumed alcohol most 

rapidly within the modified ad libitum session had the longest period of time to absorb 

and metabolize the alcohol. This longer time without drinking would presumably lead to 

lower BrAC levels, as fast drinking participants would likely be on the descending limb 

of the breath alcohol curve at the end of the drinking session. However, a fast pace of 

drinking was not associated with lower BrAC levels at the conclusion of the alcohol 

administration session (Chapter III, secondary analysis). 

Ratings of subjective impairment in response to alcohol are affected by the 

development of acute tolerance. Alcohol tolerance is described as a lessening of a 

response to a dose of alcohol with repeated administrations (American Psychiatric 

Association, 2004), whereas acute tolerance develops within a single alcohol 

administration session (Tabakoff et al., 1986). With the development of acute tolerance, 

alcohol effects are greater when measured shortly after alcohol administration while 

participants are on the ascending limb of the BrAC curve. These effects are diminished 

on the descending limb of the BrAC curve, even if BrAC levels are equivalent at both 

times of measurement (Beirness and Vogel-Sprott 1984; Bennett et al., 1993).  
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A recent study found that binge drinkers in general display acute tolerance to 

alcohol on the descending limb of the breath alcohol curve where the effects are 

predominantly sedating (Marczinski and Fillmore, 2009). Specifically, when binge 

drinkers were compared to non-bingers on the ascending limb of the BrAC curve, both 

groups reported similar levels of intoxication and displayed the same degree of alcohol-

induced driving impairment. However, on the descending portion of the BrAC curve, 

binge drinkers reported an increased willingness to drive relative to non-bingers. This 

effect may be a product of acute tolerance, whereby an individual becomes tolerant to a 

specific level of impairment associated with a BrAC level within a single session. So 

although BrAC levels did not differ as a function of pace in study II (mean ± SD BrAC 

0.057 g/dl ± 0.016 g/dl) those participants who drank the fastest had likely peaked within 

the session and were experiencing this breath alcohol level for the second time within the 

session. The attenuation of the sedating effects of alcohol on the descending limb in 

combination with the extended latency between the conclusion of drinking and the 

commencement of driving likely led to fast drinkers reporting higher levels of driving 

confidence than slower drinkers. In turn, higher levels of confidence may have led to 

riskier driving on the simulated driving task in faster drinkers.  

When the relationship of speed of drinking to simulated driving behavior was 

examined in study II, fast drinking was associated with increased mean speed (Chapter 

III, Figure 4) and collisions with other vehicles (Chapter III, Figure 5). Speeding is one of 

the most prevalent factors in accident risk, contributing to 31% of traffic-related deaths in 

2008 (NHTSA, 2009). Speeding and alcohol consumption closely interact in the 

causation of vehicular crashes. Post-crash analyses have reported that individuals who 
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consumed alcohol drove at elevated speeds as compared to sober drivers (Stoduto et al. 

1993; McGwin & Brown 1999). By the most recent data available, 41% of drivers with a 

BrAC of 0.08 g/dl or higher involved in a fatal crash were speeding, compared to only 

15% of sober drivers (NHTSA, 2009). Our data suggest that speeding and crash 

involvement may be a product of rapid drinking within a binge session. Binge drinkers 

may consume alcohol early in a binge session and allow time to elapse after drinking, 

then use subjective cues to determine their ability to drive. Our data show that the 

increased latency between the end of drinking and the commencement of driving may 

increase risk-taking while driving, as speed of drinking was associated with higher mean 

driving speeds and subsequently, more collisions.   

  Limitations. The limitations of the present studies lay largely in the artificial 

nature of laboratory drinking. Laboratory models of drinking may lack ecological validity 

as participants are required to drink a predetermined dose of alcohol (Spijkerman et al. 

2010), which may be less or greater than their current level of intake. A recent study 

found that 70% of binge drinkers consumed at least six drinks in their last binge, and 

roughly 40% consumed greater than 8 (Naimi et al., 2010). Studies I and II required the 

individual to consume four drinks. Study III allowed participants to consume up to five 

standard drinks. Additionally, participants consumed grain ethanol contained in, tonic 

water (study I), pink lemonade (study II), or lemon-lime soda (study III), which was 

likely not their drink of choice. A recent survey of binge drinkers found that 67% of 

binge drinks consumed were in the form of beer, 22% in liquor, and 11% in wine (Naimi 

et al., 2007). Participants may not have been mirroring their naturalistic drinking 

behaviors as a result of the study beverage not matching the individuals’ drink of choice. 
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The laboratory methods of alcohol administration also required that the 

participant drink alone. A recent study reported that only 15% of college –aged drinkers 

reported drinking heavily when alone (Christiansen et al., 2002), suggesting the 

participants likely have not had experience with this level of alcohol consumption in a 

non-social setting. Additionally, in ad libitum studies, individuals within a peer group 

generally achieve statistically similar breath alcohol concentrations as the peers in the 

group (Collins et al., 1985; Quigley & Collins 1999; Bot et al., 2005). These data suggest 

that drinking normally happens in peer groups and is heavily influenced by the drinking 

patterns of other individuals present. Had the drinking sessions taken place in a peer-

group setting, we might have seen differences in consumption levels between the HF and 

LF groups in study II and pre-load groups in study III.  

Another limitation exists in the methodology for study I. Specifically, a 

comparison group of males was not recruited to fully assess the effects of binge alcohol 

exposure in binge drinkers. There is some evidence that gender differences may exist in 

behavior after drinking (Miller et al., 2009). In the prior study, women were found to be 

more impaired on all behavioral tasks than men after alcohol, including simulated 

driving. However, studies II and III included both males and females, and detected no 

significant difference on behavioral tasks or subjective ratings after alcohol. We can 

conclude from this data that including males in the study population in study I would 

yield similar results.  

Another limitation inherent in the studies is the exclusion of hazardous drinkers. 

One of the primary aims of the present series of experiments was to determine the 

influence of binge frequency on behavioral response to alcohol. Individuals who had the 
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most extensive binge history were likely excluded from participation due to their reported 

drinking behaviors and consequences. Hazardous drinkers were excluded as determined 

by a score greater than 12 on the Alcohol Use Disorders Identification Test (AUDIT; 

Babor et al., 1983). The AUDIT is a questionnaire measuring levels of alcohol use and 

markers for dependence, such as drinking despite concern from family members and 

other adverse consequences such as blacking out and engagement in fights and/or 

accidents. A possible reason for the lack of group differences in behavioral inhibition and 

pace of drinking may be that the truly heavy drinkers were screened out of the study due 

to their high AUDIT scores.  

Exclusion of individuals reporting or testing positive for psychoactive drug use 

and individuals with an Axis-I disorder also serves as a limitation for generalizability of 

the current studies. Exclusion of drug use allowed for performance on behavioral tasks to 

be attributed to the effects of alcohol only, rather than the combination of alcohol and 

another psychoactive drug. However, studies have reported that individuals who 

experience the greatest harms associated with escalating binge drinking are at greater risk 

for experimentation with other drugs of abuse (Tucker et al., 2003). A similar 

longitudinal study also reported that individuals with early onset heavy bingeing were 

more likely to be diagnosed with externalizing disorders (Chassin et al., 2002).  Alcohol 

dependence is also closely related to depression (Pettinati et al., 2010) and anxiety 

disorders (Schuckit, 2009), whereby dependence increases the likelihood of experiencing 

the disorder, as well as vice versa. Excluding participants with co-occurring substance 

abuse and mental disorders may have limited the generalizability of the findings by not 

including individuals at greatest risk for negative consequences.  
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Additionally, the studies did not control for food consumed by the participants 

before testing. The ingestion of food before drinking affects the metabolism and 

absorption of alcohol (Jones and Jönsson, 1994). Food eaten by participants was not 

controlled primarily because of the variability in testing times. All participants were 

allowed to choose an appointment time according to their personal availability. 

Standardizing appointment times and providing a meal of equal caloric value to all 

participants in future studies would provide BrAC data normalized by gastric emptying 

time. Another factor not controlled for was smoking status. There is evidence that 

nicotine withdrawal can affect overall cognitive performance (al’Absi et al., 2002) and 

increase levels of behavioral disinhibition (Field et al. 2006; Mitchell 2004). By allowing 

regular smokers into the studies, the effects of nicotine withdrawal may have affected 

performance on tasks of driving and response inhibition.  

Future Directions. To fully assess the influence of binge frequency on behavior, 

longitudinal studies should assess the drinking habits of participants at later time points. 

Additionally, risk behaviors should be quantified both at time of original testing and at 

follow-up appointments to assess the role of binge frequency and risk behaviors. A recent 

study followed social drinkers over a two-year period and found that those who 

experienced the greatest amount of stimulation and least amount of sedation from alcohol 

went on to increase their binge drinking episodes. Furthermore, increased binge episodes 

were associated with an increased risk of meeting criteria for alcohol dependence (King 

et al. 2011). These longitudinal studies should include measures of alcohol impaired 

driving and related behaviors to determine the relationship of binge frequency and 

involvement in risk behaviors.  
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Functional imaging studies should quantify brain changes along binge drinking 

trajectories, to quantify frontal lobe activity that may contribute to changes in decision-

making and impulsivity. Recent work has revealed that young binge drinkers show 

reduced anterior prefrontal cortex activation during a working memory task relative to 

controls (Crego et al. 2010). Similarly, binge drinkers aged 16-18 showed greater 

activation of frontal and parietal regions than non-drinking controls during a word-

encoding task but failed to show hippocampal activation during novel word pairings 

(Schweinsburg et al. 2010). These studies suggest that brain effects of binge drinking 

may emerge early in the drinking trajectory of binge drinkers. However, longitudinal 

studies are needed to see if prefrontal function continues to degrade over time as a 

function of binge frequency.  

 Pace of drinking studies should focus on ad libitum alcohol administration, where 

a predetermined dose is replaced by a dose chosen by the participant. Ideally, higher 

doses closer to the participant’s typical alcohol consumption should be available. 

Including an overnight laboratory or hospital stay in the study protocol would allow for 

higher levels of alcohol administration to be possible. It would also be helpful to allow 

for participants to consume their alcohol of choice, to more accurately quantify 

naturalistic drinking patterns. Some TRT studies that measure ad libitum drinking include 

only participants whose alcohol of choice is being used in the study (Collins et al., 1996; 

Weafer and Fillmore 2008). Though naturalistic drinking generally occurs in the presence 

of peers, the impact of imitation is too great to allow participants to consume alcohol with 

others in a laboratory setting if the intention is to determine an individual’s preferred pace 

of drinking.    
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 Finally, studies assessing the priming phenomenon should also assess levels of 

impulsivity, and stimulation and sedation within the drinking session at specific intervals. 

These measurements would help to elucidate specific motivations for drinking during the 

ad libitum session. The levels of disinhibition may increase throughout the session as 

alcohol consumption increases, which may drive further drinking. Additionally, 

individuals may drink in a way to preserve feelings of stimulation and avoid feelings of 

sedation within the ad libitum session. Assessing sedation and stimulation with an 

abbreviated alcohol effects questionnaire throughout the session would help to answer 

these questions.  

Summary and Implications of Findings  

• Frequent binge drinking reduces sensitivity to the impairing effects that would 

normally signal an inability to drive at an alcohol dose of 0.08%. However, 

frequent binge drinking does not lead to a reduction of alcohol-induced 

impairment of driving ability. Frequent binge drinkers may approach drunk 

driving less cautiously than infrequent binge drinkers. This may be due to 

frequent bingeing altering the perception of driving confidence after a binge, 

though driving performance remains impaired. 

• Individuals within the high-frequency binge group may be more at risk for alcohol 

related problems due to their response to alcohol. As compared to the low-

frequency binge group, high-frequency binge drinkers reported significantly 

higher levels of stimulation following alcohol. High-frequency binge drinkers also 

displayed greater behavioral disinhibition after alcohol than low-frequency 
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bingers. Greater levels of stimulation and disinhibition have been implicated as 

risk factors for the development of future alcohol abuse and dependence.   

• Binge drinkers may drink available alcohol quickly early in a drinking session in 

an attempt to “sober up” in preparation for driving. This may be represented by 

fast drinking being associated with increased reported confidence in driving. As 

alcohol effects persist long after initial ingestion, binge drinkers remained 

behaviorally impaired by alcohol despite their reported confidence in driving. As 

a result of this drinking pattern, binge drinkers may drive in a risky manner, as 

fast drinking was associated with higher mean speed on the driving simulator and 

consequently, collisions with other vehicles.  

• Binge drinkers begin a binge session by consuming nearly half of the available 

alcohol dose. Alcohol consumption is then spread equally over the remainder of 

the binge session, perhaps in an effort to maintain a desired level of intoxication. 

This pattern of alcohol drinking models consumption patterns seen in animal 

studies where distinct loading and maintenance phases are observed in drug 

taking. This pattern of alcohol consumption has not yet been illustrated in human 

alcohol administration studies. 

• Binge drinkers will consume a similar amount of alcohol ad libitum regardless of 

whether or not they had received an alcohol prime. This finding may help explain 

excessive alcohol intake observed in epidemiological studies in individuals who 

engage in pre-gaming. Although some individuals cite the motivation for pre-

gaming as reduction of overall cost of drinking, drinking will continue at the 

establishment and may even exceed levels of non pre-drinkers. Therefore, 
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enforcing regulations that limit pre-drinking, such as refusing entry to bars and 

clubs to visibly intoxicated patrons, may reduce the dangerous levels of alcohol 

consumption seen in binge drinkers.  

 

Final Considerations. Binge drinkers represent a unique population for study in 

the alcohol literature. Though binge drinking represents a pattern of excessive drinking, 

few individuals meet criteria for an alcohol use disorder. Binge drinkers may have begun 

drinking alcohol in a purely social setting, but as the frequency of binges increase, they 

put themselves at a greater likelihood for abuse and dependence. Binge drinkers therefore 

represent a unique point in the development of alcoholism, as some will discontinue 

bingeing while others go on to increase their drinking over time. When targeting 

individuals most at risk for developing future alcoholism, we must concentrate efforts 

into understanding what perpetuates this move from normative to compulsive use, and 

what factors prevent this transition. 

Using a binge score to operationalize binge drinking as the deliberate act of 

drinking to intoxication provides information that would not otherwise be detected using 

the current binge definition. All binge drinkers in the current studies reported a similar 

level of weekly alcohol consumption. However, the LF group reported regular low levels 

of consumption distributed over several days while the HF group consumed drinks in a 

single binge session, and reported significantly higher instances of becoming drunk. 

Though the LF group would be classified as binge drinkers, our studies suggest that their 

drinking could be considered “social” or “moderate.” The LF drinkers may consume 

alcohol to socialize with friends, relax after a long day at work, become less socially 
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inhibited or simply because they enjoy the taste. HF binge drinkers conversely are 

drinking in a pattern that suggests their intention is to become intoxicated in the shortest 

amount of time possible, thus maximizing the risks associated with alcohol use.  

High-frequency binge drinkers may be likely to drive after drinking due to their 

inability to assess their own level of impairment after alcohol. This may be a product of 

heavy drinking in and of itself, as heavy drinkers are more likely to attenuate the sedating 

effects of alcohol, which generally signal intoxication and inability to drive. Study II 

observed significantly higher rates of overall stimulation in HF than LF binge drinkers, 

which may contribute to higher ratings of driving confidence. Additionally, the 

disconnect between subjective and behavioral impairment observed in HF drinkers may 

be a product of actual metabolic tolerance to alcohol, as evidenced in study I which found 

a significant drop in BrAC in HF binge drinkers from pre to post testing, but not in LF 

binge drinkers. Furthermore, once binge drinkers (independent of binge frequency) are 

behind the wheel they may be more likely to speed while driving and be involved in a 

greater number of collisions. We found that this may be a product of fast drinking 

concentrated early in a binge session. Fast drinking is followed by a period of non-

drinking, perhaps in an attempt to “sober up” and prepare for driving, as evidenced by 

higher levels of driving confidence reported by those individuals who drank alcohol at 

the fastest rate, independent of BrAC levels. Individuals are generally unaware of the 

time course of alcohol intoxication, and as such may overestimate their ability to drive 

after a period of non-drinking.  

Finally, engaging in pre-drinking has no effect on the overall amount of alcohol 

consumed once an individual is allowed to consume alcohol ad libitum. Rather, binge 
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drinkers consume a similar amount ad libitum independent of alcohol consumed prior to 

drinking. The lack differences in ad libitum drinking as a function of a pre-load suggests 

that pre-gaming may contribute to excessive and dangerous levels of alcohol 

consumption associated with a multitude of deleterious effects to the individual, both 

acutely and chronically. Limiting alcohol consumption before later drinking would be 

difficult if the planned drinking establishment was the home of an individual. However, 

targeting drinking establishments in efforts to recognize intoxication would be 

instrumental in reducing later hazardous drinking. Currently, regulations state that no 

establishment should continue to serve an individual after the point of intoxication. 

Instituting fines for admitting intoxicated individuals into clubs and bars would decrease 

excessive drinking, making the binge drinker and those on the roads with them all the 

safer. 

In summary, binge drinking is a behavior that despite national efforts continues to 

grow in prevalence. A recent epidemiological study reported an increase in reported 

binge episodes across all populations in the United States. From 1999 to 2001 the rate of 

yearly binges rose from 1.2 billion to 1.5 billion, translating into 6 yearly binges per 

person (Naimi et al., 2003). Binge drinking is a behavior that has long been associated 

with primarily college populations, though nearly 70% of binge drinking episodes 

involve adults over the age of 26 (Naimi et al., 2003). A small proportion of the overall 

study population was comprised of full-time students enrolled full time in a four year 

university, as studies II and III excluded college students from participation. Rather, the 

mean (± SD) age of our study population across all three studies was 25 ± 3. College 

student status was not associated with heavy and frequent bingeing in study I. These data 
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suggest that there is a subpopulation of binge drinkers that continue to binge after college 

and potentially escalate their alcohol intake over time. Our data suggest the HF group 

may represent this subpopulation of continuing binge drinkers who may be more at risk 

for the immediate harms associated with alcohol use. Understanding the factors that 

contribute to the maintenance of binge behavior at ages where it may no longer be 

socially acceptable is of primary importance in the overall goal of reducing rates of 

dependence. Additionally, instituting harm reduction programs in middle school through 

college that provide information on safer alcohol use would help to limit the immediate 

deleterious effects of alcohol and the associated cost to society.  

Currently, drug policies in middle and high schools focus on abstinence only 

education, the primary program being Drug Abuse Resistance Education (D.A.R.E.). As 

of 2007, nearly 26 million school children in the United States participated in the 

program (D.A.R.E. America, 2007). A review of multiple studies on the effectiveness of 

D.A.R.E. found that the prevention program had negligible effects on substance abuse 

outcomes (Pan & Bai, 2009). Epidemiological studies reporting steadily increasing rates 

of binge drinking support the ineffectiveness of programs promoting abstinence. A 

nation-wide study reported a 56% increase in binge episodes in 18-20 year olds from 

1993 to 2001, the largest increase of any other age group (Naimi et al., 2003). Bingeing is 

seen in young populations, with 10.9 million youth aged 12-20 reporting past month 

drinking in 2003 (SAMHSA, 2004).  A recent survey of 16-20 year old current drinkers 

found 41% reported bingeing in the past two weeks and 46% got drunk at least 2-3 times 

per month in the past year (Reboussin et al., 2006). Within high school populations, 30% 

of seniors reporting bingeing in the past two weeks, yet only 3% reporting daily drinking 
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(Johnston et al., 2004). This suggests that like the HF in the current studies, adolescent 

drinkers specifically tend to be infrequent but heavy drinkers (Wechsler et al., 2000). 

This pattern of drinking consisting of non drinking days and heavy drinking days is 

associated with the greatest detriment to physiology and the individual acutely.  

Instead, realistic education campaigns should move away from abstinence 

education and move towards harm reduction campaigns. These campaigns should begin 

in middle and high school should address the dangers of binge drinking, both acutely and 

long-term. The finding that frequent binge drinking may alter your perception of driving 

ability should be emphasized, as well as frequent bingeing’s contribution to future 

dependence and detrimental brain effects. Additionally, efforts should be concentrated 

into educating the public on the dangers of alcohol that persist long after consumption 

stops. Education in young drinkers should include information on controlling the rate of 

drinking. This would be especially important when considering that in animal studies the 

rate of drinking early on was used to predict later drinking trajectories. Teaching 

underage individuals to drink responsibly is key to controlling adverse events related with 

drinking as well as future risk. Perhaps moving away from abstinence-based education 

programs and instead embracing harm reduction strategies will promote safe alcohol use 

across populations and reduce the cost to society as a result of excessive drinking.  
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2007   Carolina Cannabinoid Conference, Wilmington NC 
 
2006   Society for Neuroscience, Atlanta GA  
 
 
Abstracts: 
 
Bernosky KA, San George M, Hauskecht K, Gancarz A, Ashrafioun L, de Wit H, 
Thompson A, Richards J. “Effects of Methamphetamine Self-Administration on the 
Value and Timing of Delayed Rewards.” Presented at Society for Neuroscience 
Conference, October 2006. Atlanta, GA.  

 
Bernosky KA, Liguori A.“Behavioral Effects of Alcohol as a Function of Binge 
Frequency.” Presented at Research Society on Alcoholism national conference, June 
2009. San Diego, CA.  

 
Batson, G, Bernosky-Smith KA, Caruso J, Conner Kerr T, Cowie RJ, Howlett, A, 
Prybylo S, Smith N. “The Promotion of Active Learning Strategies Utilizing Human 
Patient Simulation to Encourage Deep Learning of Basic Science and Clinical Skills in 
Physical Therapy Students.” Presented at 2011 Lilly Conference on College and 
University Teaching. Greensboro, NC. 
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Bernosky-Smith KA, Liguori A. “Pace of Drinking and Behavior in Binge Drinkers.” 
Submitted and accepted. Presented at 2011 Research Society on Alcoholism national 
conference, June 2011, Atlanta GA.  
 
 
 
Journal Articles: 
 
Shannon EE, Staniforth ER, McNamara J, Bernosky-Smith KA, Liguori A (2010). 
“Response Inhibition Impairments Predict Alcohol-Induced Sedation.” Alcohol and 
Alcoholism. 46(1):33-8. 
 
Bernosky-Smith KA, Shannon EE, Roth AJ, Liguori A (2011). The behavioral effects of 
alcohol as a function of binge frequency. Human Psychopharmacology: Clinical and 
Experimental. May 3. doi: 10.1002/hup.1195. 
 
Bernosky-Smith KA, Staniforth ER, Liguori A (2011). Rapid Drinking Increases Speed 
on a Task of Simulated Driving. Journal of Studies on Alcohol and Drugs. Submitted.  
 
 
 
Invited Talks: 
 
2009 March 15  “Behavioral Effects of Alcohol Based on Binge Frequency.” 

Presented at National Institute on Alcohol Abuse and Alcoholism 
Annual Trainee Workshop, New Orleans LA, 2009.  

 
2009 April 22 “Acute Effects of Marijuana.” North Carolina Parent Network: 

Education on Drugs of Abuse. Burlington, NC.  
 
2010 April 14 “Mixing Alcohol and Caffeine.” North Carolina Parent Network: 

Education on Drugs of Abuse. Raleigh, NC. 
 
2011 May 12 “Binge Frequency and Behavioral Response to Alcohol.” 

University of Chicago. The Department of Psychiatry and 
Behavioral Neuroscience.  

 
2011 May 27 “The Physiology and Pharmacology of Alcohol.” D’Youville 

College. The Department of Biology. 
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Teaching Experience: 
 
2011 Lecturer for Salem College Medicinal Plants course. Lecture topics 

include: alcohol, wine and resveratrol, and adrenergic stimulants.  
 
2007-2010 Lecturer for Winston Salem State Physical Therapy MA program, 

Pharmacology block. Lecture topics include: non-steroidal anti-
inflammatory drugs, glucocorticoids and asthma medications, 
autonomic nervous system drugs, skeletal muscle relaxants, opioid 
analgesics. Attended training sessions on effective teaching and 
exam writing.  

 
2010 Interim Course Director for Winston Salem State Physical Therapy 

MA program, Physiology block. Responsibilities included 
scheduling lectures, developing examinations, holding review 
sessions, providing and grading homework and extra credit 
assignments, distribution grades, proctoring of exams, activation of 
Individualized Education Plans (IEPs) for specified students.  

 
2010 Lecturer for North Carolina Agricultural and Technical State 

University. Psychopharmacology class developed for students 
pursuing their Master’s degree in Rehabilitation Counseling. 
Lecture designed as a survey of drugs of abuse, including their 
absorption, metabolism, site of action and excretion. 
Neurobiological and behavioral effects of drug abuse were of 
primary focus.  

 
2009-2010 Lecturer for Winston Salem State Physical Therapy MA Program, 

Physiology block. Lecture topics include: autonomic nervous 
system. Summer 2009, 2010. Experience included the facilitation 
of autonomic dysreflexia within the Human Patient Simulation lab.  

 
2008 Course Facilitator for Winston Salem State Physical Therapy MA 

program, Physiology block. Run bi-weekly course review sessions 
for interested students. Attend lecture series related to teaching and 
developing a teaching portfolio.  

 
2008 Course Facilitator Wake Forest University Professional 

Development Series. Along with one other graduate students, 
planned and organized a 2 hour class period for the entire 
biomedical sciences first year graduate program. Responsibilities 
including: selecting a relevant topic, planning subject material, 
securing speaker.  
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Outreach Activities: 
 
2006-2011 Brain Awareness educator. Education on drugs of abuse, human 

brains, comparative animal brains and psychiatry to local schools 
grades 1-12.  

 
2009-2010 Student volunteer for outreach activities at the Wake Forest 

University Primate Center. Give monthly tours to 4th grade 
students from the community while highlighting achievements and 
importance of primate research. 2009 - 2010. 

 
2009-2010 Student speaker on behalf of Wake Forest University Alcohol 

Center. Kernersville Cares for Kids organization. Gave 
presentations on consequences of alcohol use on the developing 
brain to audiences of high school and middle school students.  

 
2008 Outreach volunteer for the department of Physiology and 

Pharmacology. Give tour of facilities and speak to school-aged 
children about drugs/alcohol.  

 
2007 Science Day educator, at Piedmont Triad Community Research 

Center. Presented to local middle school students enrolled in a 
science day camp. Station focused on intravenous self-
administration in rats. 

 
 
Other Activities: 
 
2011 Consultant for ‘Her Campus’ magazine. Article title: “Bronkaid: 

Adderall’s Less Popular Sister.” Published March 13, 2011.  
 http://www.hercampus.com/school/bc/bronkaid-

adderall%E2%80%99s-less-popular-sister?page=show 
 
2007-2010 Graduate Student Association. Departmental Representative for 

Physiology/Pharmacology. Attended monthly meetings and 
participate in student planned activities.  

 
2007-2010 Graduate Student Association. Social Co-Chair. Attend weekly and 

bi-weekly meetings. Plan and attend all social events held by the 
Graduate school. Events include all social events held by the 
graduate school: monthly social events, formal events, student 
outings. 2007 - 2010. 

 
2009 Wake Forest University Cycling team. 
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2008 Web-site author for a web site utilized by journalists to provide 

accurate scientific information when reporting on stories involving 
drugs and alcohol. Responsibilities include keeping up-to-date 
information on the site, and attending workshops with local writer 
Sue Rusche on writing for the lay public.  

 


