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Abstract
Heavy drinking has increased in recent years and has been linked to numerous health-related risks,
particularly in women. A number of factors may play a role in exacerbating the risks linked to
heavy drinking, such as impulsivity, which itself is related to a number of risky behaviors. The
present study investigated the effects of alcohol (0, 0.5, 0.75 g/kg) on impulsivity in female heavy
drinkers (n = 23) and female light drinkers (n = 23) using a double-blind, placebo-controlled
outpatient design; all women were tested during follicular phase of the menstrual cycle. Each
session, participants completed a range of tasks including subjective measures of abuse liability,
cognitive performance tasks, three behavioral impulsivity tasks, and a risk-taking task. Alcohol
increased impulsivity on the Immediate and Delayed Memory Task (IMT and DMT) and Delay
Discounting task. Heavy drinkers scored higher on impulsivity self-reports and were more
impulsive on the IMT and the GoStop task than light drinkers. The high dose of alcohol further
increased impulsive performance on the IMT and DMT in heavy drinkers. There were no group
differences or alcohol effects on the Balloon Analogue Risk Task. Alcohol increased sedative-like
effects more in light drinkers and increased stimulant-like effects and alcohol liking more in heavy
drinkers. In summary, female heavy drinkers are less sensitive to the negative effects of alcohol,
report more positive effects of alcohol, and are more impulsive than female light drinkers.
Moreover, impulsive responding was exacerbated by alcohol drinking among female heavy
drinkers, indicating that women who drink at this level are at increased risk for developing alcohol
use disorders and engaging in other risky behaviors, particularly after drinking.
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Alcohol misuse (e.g., heavy and/or binge drinking) is prevalent (Grucza, Norberg, Bucholz,
& Bierut, 2008; Helfand, Mukamal, & Mittleman, 2011; Substance Abuse and Mental
Health Services Administration (SAMHSA), 2009; Center for Disease Control (CDC),
2010) and poses many health-related risks (e.g., Schuckit, 2009). For instance, the risk of
developing drug and alcohol use disorders (Herd, 1993; Jackson, 2008; Maisto, Clifford,
Stout, & Davis, 2007), heart disease (National Institute on Alcohol Abuse and Alcoholism
(NIAAA), 2008; Roerecke et al., 2011), liver damage (NIAAA, 2008), and cancer (Chen,
Rosner, Hankinson, Colditz, & Willett, 2011; NIAAA, 2008), and of engaging in sexual
risk-taking (Hipwell, Stepp, Chung, Durand, & Keenan, 2012), are increased in individuals
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who misuse alcohol, particularly women. Despite this, there is little alcohol-related research
focused on women, specifically with respect to well-controlled studies that attempt to
elucidate factors that may contribute to these risks in women who drink.

One factor that has been repeatedly implicated in the initiation and continuation of drug and
alcohol use is impulsivity (e.g., Hamilton, Ansell, Reynolds, Potenza, & Sinha, 2012; Nees
et al., 2012; Quinn, Stappenbeck, & Fromme, 2011; Shin, Hong, & Jeon, 2012; see Aragues,
Jurado, Quinto, & Rubio, 2011; Dick et al., 2010; Lejuez et al., 2010; Potenza & de Wit,
2010 for reviews). For example, self-reported impulsivity was greater in problem drinkers
than controls (MacKillop, Mattson, MacKillop, Castelda, & Donovick, 2007), and greater
alcohol use was associated with greater self-report of impulsivity in various alcohol using
groups, such as social drinkers (Grau & Ortet, 1999; Henges & Marczinki, 2012; Waldeck &
Miller, 1997) and comorbid marijuana and heavy alcohol users (Peters et al., 2012). Further,
alcohol administration has been shown to increase impulsive performance on rapid-decision
and/or continuous performance tasks in social drinkers (Dougherty, Marsh-Richard, Hatzis,
Nouvion, & Mathias, 2008; Dougherty, Marsh, Moeller, Chokshi, & Rosen, 2000; Fillmore
& Weafer, 2011; Henges & Marczinksi, 2012; Mulvihill, Skilling, & Vogel-Sprott, 1997;
Reynolds, Richards, & de Wit, 2006; Weafer & Fillmore, 2012), but not consistently on
delay discounting tasks in problem drinkers or social drinkers (MacKillop, Mattson,
MacKillop Castelda, & Donovick, 2007; Ortner, MacDonald, & Olmstead, 2003; Petry,
2001; Richards, Zhang, Mitchell, & de Wit, 1999; Reynolds, Richards, & de Wit, 2006),
suggesting a differential interaction between alcohol and the various facets of impulsivity.

The majority of existing studies that have examined the interaction between alcohol and
impulsivity have occurred in groups that combined men and women, combined individuals
with various prestudy drinking levels, and/or did not control for other risk factors, all of
which may influence impulsivity and/or alcohol’s effects. For instance, numerous studies
have shown that individuals with a family history of alcoholism are more impulsive (e.g.,
Acheson, Richard, Mathias, & Dougherty, 2011) and report greater positive subjective
effects of alcohol (e.g., Evans & Levin, 2011; Söderpalm & Söderpalm, 2011) than those
who do not have a family history of alcoholism. A history of trauma has also recently been
associated with greater impulsivity (Evans, Levin & Reed, submitted), risk-taking
(Bornovalova, Gwadz, Kahler, Aklin, & Lejuez, 2008), and the development of alcohol use
disorders (e.g., Enoch, 2011). While problem drinking is prevalent in individuals with a
family history of alcoholism (Hinckers et al., 2006; Schuckit & Smith, 2011; Warner, White,
& Johnson, 2007) and histories of trauma (Khoury, Tang, Bradley, Cubells, & Ressler,
2010; Magnusson et al., 2011), most studies have not assessed the presence of these other
risk factors, particularly in women, making it difficult to ascertain whether heavy drinking
alone is associated with greater impulsivity.

Therefore, the purpose of the present study was to examine the interaction between
impulsivity and the response to alcohol among heavy (“at-risk”) drinking (HD) women
compared with light-drinking (LD) women, without the potential confounds of other risk
factors (e.g., history of trauma, family history of alcoholism). We hypothesized that HD
women would (1) report greater positive subjective effects from alcohol, (2) exhibit greater
baseline impulsivity based on both self-report and behavioral measures of impulsivity, and
(3) be even more impulsive after alcohol, compared with LD women.

Method
Participants

Women who participated in this study responded to an advertisement in local newspapers
recruiting female social and regular drinkers. Individuals were told that the purpose of the
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study was to determine the effects of various nonprescription and prescription drugs and
alcohol on mood, vital signs, and ability to perform certain tasks across the menstrual cycle.
The Institutional Review Board of the New York State Psychiatric Institute approved this
study. Participants gave their written informed consent before beginning the study and were
paid for their participation.

Seventy-one women (33 HD and 38 LD) met all inclusion/exclusion criteria and started the
study, however 20 participants (35%) did not complete the entire study because of
scheduling conflicts. In addition, five participants were not included in the final analyses as
a result of hormone levels indicating that sessions were not conducted in the correct phase of
the menstrual cycle (n = 2) or prospective drinking levels during the study were not within
the inclusion criteria range for that group (n = 3). Therefore, a total of 46 women (23 HD
women and 23 LD women) who met full study criteria and completed the study were used in
these analyses. Heavy (“at-risk”) drinking was defined as ≥7 drinks/week, as per the NIAAA
guidelines for women (NIAAA, 2009), and light drinking was defined as ≤6 drinks/week.
Participants were interviewed on three occasions: first by the investigator during the initial
consent meeting, then by the Master’s level clinical interviewer, and finally by the physician
during the physical examination. Participants also completed the Daily Ratings Form (see
Evans, Haney, Levin, Foltin, & Fischman, 1998 for details) each evening throughout the
study to prospectively track alcohol use, mood, menstrual cycle length, and the onset of
menstruation.

All women were medically and psychiatrically healthy based on a complete physical
examination, a structured clinical interview, 12-lead electrocardiogram, clinical blood
chemistries, and urinalyses. None of the participants were pregnant based on plasma levels
of circulating chorionic gonadotropin hormone (hCG), or nursing, and no one had been
pregnant or had an abortion within the previous six months. All women were normally
cycling and were not using hormonal contraceptives or any other prescription medications.
In addition, no one had any current Diagnostic and Statistical Manual of Mental Disorders,
fourth edition, text revision (DSM–IV–TR) Axis I psychiatric disorders (American
Psychiatric Association, 2000) within the last year, including psycho-active substance
(including alcohol) abuse or dependence (other than nicotine or caffeine), based on the
Structured Clinical Interview for DSM–IV–TR (SCID I; First, Spitzer, Gibbon, & Williams,
1995) that was conducted by a trained Master’s level clinical interviewer. In terms of past
psychiatric disorders, four women (three HD and one LD) had a past history of depression,
nine women (four LD and five HD) had a past history of alcohol abuse, two HD women had
a past history of alcohol dependence, and two HD women had a past history of marijuana
abuse.

Women who abstained from alcohol or typically drank more than 20 drinks per week in the
past year were excluded. Individuals who consumed >4 cups of coffee/day (the frequency
and amount of all sources of caffeine use including coffee, tea, soft drinks and energy drinks
was converted to cups of coffee/day for a standard reference) were also excluded. However,
women who were cigarette smokers were not excluded, nor were women who used
marijuana occasionally (<1 time/week). None of the participants suffered from premenstrual
dysphoric disorder based on the Pre-menstrual Assessment Form (Halbreich, Endicott, &
Schacht, 1982) and the modified Daily Ratings Form (Evans, Haney, Levin, Foltin, &
Fischman, 1998).

Women were excluded if they had any major history of trauma (either during childhood or
as adults) or a first-degree family history of alcoholism or substance abuse. This was done
because the acute response to alcohol can differ as a function of family history of alcoholism
(Evans & Levin, 2011; Pollock, 1992) and trauma history (Evans, Levin, & Reed,
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submitted). Early life trauma was determined by The Early Trauma Inventory (ETI;
Bremner, Vermetten, & Mazure, 2000), and a family history of alcoholism and substance
abuse was determined by The Family History Assessment Module and the Individual
Assessment Module, both structured diagnostic instruments (Rice et al., 1995), and
confirmed by conducting telephone interviews with first-degree biological relatives (see
Evans & Levin, 2011 for details).

Procedures
Women participated as outpatients at the New York State Psychiatric Institute for five
sessions lasting 7 hrs each. The first session was a practice session when they received
placebo capsules and a placebo beverage and were trained on the various tasks and
procedures. The testing phase consisted of three sessions scheduled during the follicular
phase (Days 4 –10 after the onset of menstruation) of the menstrual cycle. Participants
received alcohol (0.0, 0.50, and 0.75 g/kg) on separate days, with the dose order randomized
within each group and across the HD and LD groups. The last session was a lottery session
based on the Multiple Choice Procedure (described below). Data from the practice session
and the lottery session were not used for data analysis.

Participants completed the modified Daily Ratings Form (see Evans & Levin, 2003 for
details) each evening throughout the study to track changes in mood symptoms across the
menstrual cycle, document the onset and duration of menstruation, and record the number of
standard alcoholic beverages consumed. Participants were instructed to call the laboratory
when they started menstruating. Sessions were scheduled during the follicular phase (e.g.,
Reed, Levin, & Evans, 2010) to eliminate potential variation in the subjective effects of
alcohol as a function of menstrual cycle phase (e.g., Evans & Levin, 2011). Menstrual cycle
phase was validated using hormone levels. Missed sessions were rescheduled during the
follicular phase of the next menstrual cycle.

Experimental sessions—Participants reported to the laboratory at 0830 and remained
until 1530. Participants were instructed not to eat breakfast before reporting to the laboratory
and to refrain from using all psychoactive drugs (with the exception of tobacco, caffeinated
products, and alcohol) for the duration of the study. Participants were instructed not to drink
alcohol 24 hr before or after a session. Each session, a urine specimen was collected and
analyzed for the presence of illicit drugs and a breath alcohol test was conducted (Alco-
Sensor III, Intoximeters, Inc., St. Louis, MO). Four HD women had positive urine drug
screens for marijuana; these were the same women who had reported occasional marijuana
use during screening, which was not exclusionary. There were no other positive urine drug
samples and no positive breath alcohol tests on any sessions.

In the mornings, blood samples were drawn for hormone assays; urine pregnancy tests were
performed weekly. Participants ate a light breakfast (with a caffeinated beverage for those
individuals who regularly consumed caffeine to avoid caffeine withdrawal), and then
completed a baseline assessment battery (described below). After the baseline assessment
battery, participants ingested two capsules and a beverage and completed the assessment
battery at specified times (described below) for the remainder of the session. After the 3-hr
assessment battery, participants were provided lunch.

At the end of each session, participants were required to pass a field sobriety test and were
not allowed to leave the laboratory until breath alcohol concentrations were ≤20 mg/dl. If
the participant was still impaired, she remained at the laboratory until the drug effects
subsided. Participants were provided round-trip subway fare each session and were
instructed not to drive, take any medications, or drink alcohol the remainder of the day.
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Impulsivity—Three impulsivity self-reports, The Barratt Impulsiveness Scale, version 11
(BIS), the Impulsivity Questionnaire (IQ), and the Sensation-Seeking Scale (SSS), were
completed during screening. (1) The BIS is a 30-item questionnaire that measures three
dimensions of impulsivity: attentional, motor, and nonplanning and also generates a total
impulsivity score (Patton, Stanford, & Barratt, 1995). (2) The IQ is a 54-item questionnaire
that measures three dimensions of impulsivity: impulsiveness, venturesomeness, and
emphathy, and also generates a total impulsivity score (Eysenck, Pearson, Easting, &
Allsopp, 1985). (3) The SSS is a 40-item questionnaire that measures four dimensions of
sensation seeking: thrill and adventure seeking, experience seeking, disinhibition, and
boredom susceptibility and also generates a total sensation-seeking score (Zuckerman,
Eysenck, & Eysenck, 1978).

Three measures of behavioral impulsivity (the Immediate Memory Task/Delayed Memory
Task [IMT/DMT], the GoStop Task, and the Delay Discounting Task [DDT]) and one
measure of risk-taking (the Balloon Analogue Risk Task (BART)) were assessed multiple
times each session (Reed, Levin, & Evans, 2010).

1. The IMT/DMT is a continuous performance task that yields a number of measures
related to response initiation (Dougherty & Marsh, 2003; Dougherty, Marsh,
Moeller, Chokshi, & Rosen, 2002; Dougherty et al., 2003a). In the IMT, a series of
five-digit numbers appeared successively on a computer monitor. Participants were
instructed to respond when the stimulus on the monitor was identical to the one that
preceded it. Each five-digit number appeared for 500 msec, and successive
numbers were separated by a 500-msec intertrial interval. The DMT required the
participant to remember a five-digit number and then compare it with another that
was presented 3.5 sec later. During the 3.5-s interval, repetitive distracter stimuli
(the five-digit No. 12345) were presented at the same rate and duration as the other
stimuli. Participants were told to ignore the distracter stimuli and to remember and
compare only the numbers spanning the distracter stimuli. The IMT/DMT consisted
of one 5-min block of IMT followed by one 5-min block of DMT, with a 30-s rest
period between blocks. The primary dependent measure for each of these two tasks
was the IMT ratio and DMT ratio, respectively. The ratio is defined as the
proportion of commission errors to correct detections (Dougherty, Marsh, &
Mathias, 2002; Dougherty, Marsh-Richard, Hatzis, Nouvion, & Mathias, 2008).
The IMT/DMT was completed at baseline and 1, 2, and 4 hr after drug
administration each session.

2. The GoStop task is a task that measures response inhibition (Dougherty, Mathias,
& Marsh 2003b; Dougherty, Mathias, Marsh, & Jagar, 2005). In the GoStop task, a
series of five-digit numbers presented in black on a white background, with
randomly generated five-digit numbers appearing for 500 msec every 2 sec (500
msec on, 1500 msec off) were presented. Participants were told to respond when
the number they saw was identical to the previous number. Half of all target trials
feature a target-stop trial when the color of the matching target’s numerals changed
from black to red at 50, 150, 250, and 350 msec after its presentation. Participants
were instructed to respond to the identically matching numbers before the number
disappeared from the screen, but not to respond to a number that turns red. The
primary dependent measure was the 150-msec GoStop ratio, which is the number
of response inhibition failures for the 150-msec delay relative to the number of
responses to go trials (Dougherty, Marsh-Richard, Hatzis, Nouvion, & Mathias,
2008). The GoStop task was completed at baseline and 1, 2, and 4 hr after drug
administration each session.
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3. The DDT, developed by Kirby and Marakovic (1996) and revised by Kirby, Petry,
and Bickel (1999), consisted of a fixed set of 27 choices between smaller
immediate rewards and larger delayed rewards; reward values ranged from $11 to
$85 and delays ranged from 7 days to 6 months (Petry, Kirby, & Kranzler, 2002).
The primary dependent measure is the k value, which determines the discount rate,
or the steepness of the reduction in the present value of a reward with increases in
delay to that reward (Kirby, Petry, & Bickel, 1999). Higher k values indicate higher
levels of impulsivity. To encourage attentive responding, participants were
informed that at the end of the last session, they would be given a one in six chance
of receiving the reward that they chose on one of the trials. This was done by
having participants role a die on the last session; if they rolled a 6, one question/
response was selected out of a container of all of the questions/responses on all
sessions, then they received whatever they chose in response to that question. If
their choice had been an immediate amount of money, they received the money in
cash immediately. If they selected delayed money, the money was given when the
time had elapsed. The DDT was completed at baseline and 0.25, 1, 2, and 4 hr after
drug administration each session.

4. The BART, developed by Lejuez et al. (2002), involved displaying a small blue
balloon on a computer screen. Each pump inflated the balloon and was
accompanied by an accrual of 5 cents; the average pump break point was 64
pumps. When the balloon was pumped past its individual explosion point, a “pop”
sound was generated and all money in the temporary bank was lost, then the next
uninflated balloon was displayed. However, at any point during each balloon trial,
the participant could stop pumping the balloon and click the collect money button
that transferred all money from the temporary bank to the permanent bank. Fifteen
balloon trials were presented each time. The primary dependent measure was the
number of adjusted pumps, defined as the average number of pumps excluding
balloons that exploded (i.e., the average number of pumps on each balloon before
money collection). To ensure consistent effort, participants were instructed that at
the end of the study, they would receive a percentage of the actual money earned
on this task. The BART was completed at baseline and 0.25, 1, 2, and 4 after drug
administration each session.

Abuse-liability—(1) The Biphasic Alcohol Effects Scale (BAES; Martin, Earleywine,
Musty, Perrine, & Swift, 1993) is a 14-item adjective rating scale to derive two subscales
measuring stimulant (BAES Stimulant) and sedative (BAES Sedative) effects. The BAES
was completed at baseline and 0.25, 1, 2, 3, 4, and 5 hr after drug administration each
session. (2) The Drug Effects Questionnaire (DEQ; Reed, Levin, & Evans, 2010) asked
participants to rate “good effects,” “bad effects,” “strength of the drug effect,” and “willing
to take the drug again” on a five-point scale and “drug liking” on a nine-point scale. The
DEQ was completed 0.25, 1, 2, 3, 4, and 5 hr after drug administration each session. (3) The
Multiple Choice Procedure (Griffiths, Rush, & Puhala, 1996) was used to assess reinforcing
effects and was also completed at 0.25, 1, 2, 3, 4, and 5 hr after drug administration. Six
times each session participants made a series of nine discrete choices between the drug dose
administered and various amounts of money, with the dollar value increasing from $0.25 to
$64.00. Data from this procedure were analyzed as the maximum dollar amount that
participants chose drug over money (i.e., the cross-over point). The last session was a lottery
session and participants randomly selected a poker chip; each poker chip had a number that
corresponded to one of their previous choices from Sessions 2–7. The choice corresponding
to the number on the poker chip drawn was implemented and the session proceeded.
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Other measures—The Beck Depression Inventory II (BDI II; Beck, Steer, Ball, &
Ranieri, 1996) and the State Anxiety Inventory (STAI; Spielberger, Gorsuch, & Lushene,
1970) were completed at baseline and 2 and 4 hrs after drug administration. The Profile of
Mood States (POMS; McNair, Lorr, & Droppleman, 1971) questionnaire was completed at
baseline and 0.25, 1, 2, 3, 4, and 5 hrs after drug administration.

The computerized Digit Symbol Substitution Test (DSST; McLeod, Griffiths, Bigelow, &
Yingling, 1982; a measure of motor coordination and cognition) and the balance task (Evans
& Levin, 2011; a measure of motor coordination) were completed at baseline and 0.25, 1, 2,
3, 4, and 5 hrs after drug administration. For the DSST, the primary dependent measures
were total arrays attempted and total arrays correct; for balance the dependent measure was
the total number of seconds the participant was able to balance (maximum of 60 sec).

Drug—A double-dummy design was used; participants ingested two capsules containing
placebo and a beverage (0, 0.5, 0.75 g/kg alcohol) each session, with alcohol dose calculated
based on the estimated total body water of each participant (see Evans & Levin, 2011).
Participants were informed that they could receive placebo, over-the-counter medications,
prescription medications, or alcohol. Placebo capsules (size 0 gelatin) were filled with
lactose powder. The beverage consisted of tonic water and cranberry juice, with 100 proof
Absolut vodka added to achieve the correct volume for each individualized alcohol dose.
Participants had 5 min to consume the capsules and the entire beverage (placebo or alcohol)
under the supervision of an investigator.

Data Analysis
Analyses were based on the 46 women who completed the study. t tests were used to
compare demographic characteristics at screening between the HD and LD women. Peak
effects were analyzed for all study measures using separate two-factor repeated measures
analyses of variance (ANOVA) with Group (HD vs. LD) as the between-subjects factor and
Dose (0, 0.50, 0.75 g/kg) as the within-subjects factors. Based on the time course, maximum
breath alcohol levels were observed 1 hr after alcohol administration and maximal
behavioral effects for the majority of measures were observed 1–2 hrs after alcohol
administration. The peak value for each participant for each measure was determined and
analyzed. The direction of the peak effect (maximum or minimum) was based on inspection
of the time course data. Post hoc tests were conducted for significant main effects of group,
dose, or group × dose interactions. For illustrative purposes, time course data are presented
for selected primary measures. Results were considered statistically significant if p ≤ .05 and
Huynh-Feldt corrections were used.

Results
Demographics

Table 1 shows that there were few significant differences in demographic variables between
HD and LD women. However, as expected, HD women drank significantly more days per
week, had more drinks per week and per occasion, had more heavy drinking days per week,
and engaged in more binge drinking than LD women. There were no significant differences
in other drug use between groups. HD women also reported significantly greater depressive
symptoms on the BDI and state anxiety scores on the STAI than LD women. On the alcohol
effects questionnaire (AEQ) that addresses alcohol outcome expectancies (data not shown),
HD women reported significantly greater social and physical pleasure (p ≤ .05) and a trend
in greater positive global changes in experience (p = .09) and arousal/interpersonal power (p
= .08) than LD women in response to alcohol.
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Hormone Levels
Based on prospective tracking of the menstrual cycle, all women had normal menstrual
cycles that ranged from 23 to 34 days (mean of 29 days), with no differences between the
two groups (see Table 1). There were no differences between HD and LD women with
respect to estradiol levels (55.08 ± 13.44 pg/ml vs. 52.74. ± 4.77 pg/ml; p ≥ .05) or
progesterone levels (0.98 ± 0.07 ng/ml vs. 0.82 ± 0.07 ng/ml; p ≥ .05); these levels are
consistent with the follicular phase of the menstrual cycle.

Breath Alcohol Levels and Cardiovascular Effects
Figure 1 shows breath alcohol levels as a function of group, dose, and time. Breath alcohol
levels peaked 1 hr after both doses of alcohol administration in both groups. Alcohol
produced significant dose-related increases in peak breath alcohol levels [F(2, 88) = 751.95;
p < .0001], reaching a maximum of 56 and 92 mg/dl following 0.50 and 0.75 g/kg alcohol,
respectively. There were no differences in breath alcohol levels between the two groups. For
cardiovascular effects (data not shown), there was a dose effect of alcohol [F(2, 88) = 8.94;
p = .0003], where 0.75 g/kg alcohol produced significant increases in heart rate compared
with placebo (p ≤ .05), with no differences between the two groups. There were no
significant changes in systolic or diastolic blood pressure as a function of alcohol dose or
between the two groups.

Impulsivity and Risk-Taking
Total scores on impulsivity and risk-taking self-reports are presented in Table 2. Overall,
HD women reported being more impulsive and risk-taking than LD women. Self-report of
impulsivity was significantly greater in HD women than LD women based on the attentional
and nonplanning subscales of the BIS, as well as the total BIS scores (all ps ≤ 0.05). The
impulsiveness subscale scores on the EIQ were also significantly greater in HD women than
LD women (p ≤ .05). Lastly, scores of experience-seeking, disinhibition, boredom
susceptibility, and total scores on the SSS were greater in the HD women than the LD
women (all ps ≤ 0.05).

As a representation of the time course of alcohol-induced behavioral impulsivity, Figure 2
demonstrates the time course of the IMT ratio relative to breath alcohol levels after 0.75 g/
kg alcohol in LD and HD women. For clarity, Figure 3 documents peak IMT, DMT, and
GoStop ratios, DDT overall k value and BART adjusted number of pumps as a function of
alcohol dose and group. Alcohol increased the IMT ratio [dose effect: F(2, 88) = 13.71, p < .
0001], the DMT ratio [dose effect: F(2, 88) = 3.47, p = .04], and the DDT k value [dose
effect: F(2, 88) = 4.70, p = .03]. Further, the IMT ratio [group effect: F(1, 44) = 4.29, p = .
04] and the 150 ms GoStop ratio [group effect: F(1, 44) = 7.89, p = .007] were significantly
greater in HD women than LD women. Specifically, the GoStop ratio was significantly
greater in HD women than LD women regardless of alcohol dose, whereas the 0.75 g/kg
alcohol dose produced a greater increase in the IMT ratio in HD women than LD women (p
≤ .05), with no group differences after placebo or 0.5 g/kg alcohol. On the DMT, there was a
marginal interaction of alcohol dose and group [interaction: F(2, 88) = 2.52, p = .09]; the
DMT ratio was also greater in HD women than LD women after 0.75g/kg alcohol (p ≤ .05).
However, there was no significant group effect or group × alcohol dose interaction on the
DDT. There were also no differences in risk-taking, as measured by the BART, between
groups or as a function of alcohol dose (all ps > 0.05).

Abuse Liability Measures
Figure 4 documents peak Drug Liking and Take Again ratings on the DEQ and Stimulant
and Sedative scores on the BAES as a function of alcohol dose and group. Overall, alcohol
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significantly increased ratings of Good Drug Effect [dose effect: F(2, 88) = 17.12, p < .
0001] (data not shown) similarly in both groups. However, alcohol significantly increased
Drug Liking ratings only in the HD group [interaction: F(2, 88) = 6.31, p = .003]. Ratings of
Take Again were also marginally higher [group effect: F(1, 44) = 3.10, p = .09] and ratings
of Drug Strength were significantly lower [group effect: F(1, 44) = 4.38, p = .04] in HD
women compared to LD women, particularly after 0.75 g/kg alcohol (ps ≤ 0.05). Lastly,
alcohol significantly increased Bad Drug Effects [dose effect: F(2, 88) = 18.29, p < .0001]
(data not shown), and these ratings were marginally greater in LD women than HD women
after 0.75 g/kg alcohol (p = .06).

On the BAES, alcohol significantly increased Sedative scores [dose effect: F(2, 88) = 10.46,
p = .0001], although post hoc testing revealed this was the case only after 0.75 g/kg in LD
women (p ≤ .05). Conversely, alcohol significantly increased Stimulant scores, but only
after 0.75 g/kg in HD women [interaction: F(2, 88) = 4.60, p = .01]. Additionally, alcohol
produced a marginal dose-dependent increase in the choice of drug over money on the
Multiple Choice Procedure [dose effect: F(2, 88) = 3.47, p = .06], but there were no
significant differences in the choice between the groups.

Performance Tasks
Figure 5 documents peak balance and total arrays correctly completed on the DSST as a
function of alcohol dose and group. Performance on the balance task was dose-dependently
decreased by alcohol similarly in both groups [dose effect: F(2, 88) = 1.52, p < .0001].
DSST attempts [dose effect: F(2, 88) = 15.29, p < .0001] (data not shown) and correct arrays
completed [dose effect: F(2, 88) = 26.65, p < .0001] were also dose-dependently decreased
by alcohol to a similar extent in both groups.

Mood Effects
Alcohol significantly and dose-dependently increased State Anxiety scores to a similar
extent in both groups [dose effect: F(2, 88) = 6.15, p = .005], but there was no effect of
alcohol or any group differences in Beck Depression Scores (all ps > 0.05; data not shown).

On the POMS questionnaire (data not shown), alcohol also significantly increased fatigue
scores [dose effect: F(2, 88) = 5.40, p = .006] to the same extent in both groups. However,
there were significant interactions of alcohol dose and group on arousal [interaction: F(2,
88) = 3.32, p = .04], confusion [interaction: F(2, 88) = 4.24, p = .02], and, marginally,
anxiety [interaction: F(2, 88) = 2.60, p = .09] scores. Specifically, 0.75 g/kg alcohol
significantly increased anxiety and confusion scores and decreased arousal scores in LD
women, but not HD women (p ≤ .05). There were no significant group or alcohol dose
effects on anger, depression, elation, friendly, vigor, or positive mood scores (all ps > 0.05).

Discussion
This is the first study to our knowledge to assess the role of current heavy drinking in the
effects of alcohol on various aspects of impulsivity in specifically women in a controlled
laboratory study. Although previous laboratory studies have also examined the effects of
alcohol on impulsivity, these studies often have included participants with a range of
drinking levels (e.g., Dougherty, Marsh-Richard, Hatzis, Nouvion, & Mathias, 2008), mixed
gender samples (e.g., Dougherty, Marsh-Richard, Hatzis, Nouvion, & Mathias, 2008;
Fillmore & Weafer, 2011; Reynolds, Richards, & de Wit, 2006), and/or only one or two
impulsivity performance tasks (e.g., Fillmore & Weafer, 2011; MacKillop, Mattson,
MacKillop, Castelda, & Donovick, 2007; Petry, 2001; Rose & Grunsell, 2008). Further,
most studies have not excluded, or even assessed, other risk factors that may influence
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impulsivity and/or alcohol’s effects, such as a family history of alcohol or substance
dependence (e.g., Acheson, Richard, Mathias, & Dougherty, 2011; Evans & Levin, 2011;
Söderpalm & Söderpalm, 2011), or a history of major trauma (e.g., Bornovalova, Gwadz,
Kahler, Aklin, & Lejuez, 2008; Enoch, 2011; Evans, Levin, & Reed, submitted). To this
end, the current study focused on well-defined groups of heavy drinking and light drinking
women only, used a range of impulsivity tasks, and excluding individuals with a history of
trauma and familial alcohol/substance dependence.

The key findings in this study that have not been addressed previously were that HD women
were more impulsive on certain tasks than LD women and as hypothesized, alcohol further
increased impulsivity, particularly in HD women. Interestingly, overall, response initiation
(per the IMT/DMT) and response inhibition (per the GoStop task) were more impaired in
HD women than LD women, however alcohol further impaired only response initiation, and
only in the HD women. Our results are supported by other studies showing that early onset
female drinkers had greater response initiation than late-onset female drinkers (Dougherty,
Mathias, Tester, & Marsh, 2004), and “at-risk moderate drinkers” (~13.6 drinks/week) had
marginally greater response inhibition than “nonrisk moderate drinkers” (~4.8 drinks/week)
(Fillmore & Weafer, 2011). Also similar to our results, response initiation was impaired by
alcohol in groups of social drinkers (Dougherty, Marsh, Moeller, Chokshi, & Rosen, 2000;
Dougherty, Marsh-Richard, Hatzis, Nouvion, & Mathias, 2008). However, there have been
mixed results with respect to alcohol’s effect on response inhibition, with some studies
observing an alcohol-induced impairment (Fillmore & Weafer, 2011; Henges & Marczinksi,
2012; Mulvihill, Skilling, & Vogel-Sprott, 1997; Weafer & Fillmore, 2012) and other
studies showing no effect of alcohol (Dougherty, Marsh-Richard, Hatzis, Nouvion, &
Mathias, 2008; Rose & Duka, 2008), possibly as a result of slight methodological
differences between various response inhibition tasks (i.e., cued vs. not cued).

Although alcohol produced an overall increase in delay discounting on the DDT, there were
no group differences in DDT performance and there was no effect of group or alcohol dose
on risk-taking as per the BART. Results have been inconsistent among studies examining
delay discounting (using various tasks) and risk-taking (using the BART) among alcohol
users. For example, delay discounting has been shown to predict alcohol use among social
drinkers (Christiansen, Cole, Goudie, & Field, 2012) and problem drinkers (Courtney et al.,
2011), but not in a group of college students (Fernie, Cole, Goudie, & Field, 2010). In
addition, Petry (2001) found that active alcoholics discounted more than abstinent alcoholics
or nonalcoholics, but similar to our findings, there were no differences in discounting
between hazardous drinkers and social drinkers (MacKillop, Mattson, MacK-illop, Castelda,
& Donovick, 2007). In contrast to our results, previous studies found that alcohol did not
alter delay discounting in healthy volunteers (Richards, Zhang, Mitchell, & de Wit, 2005),
female social drinkers (Reynolds, Richards, & de Wit, 2006), or a mixed gender group of
alcohol users (Dougherty, Marsh-Richard, Hatzis, Nouvion, & Mathias, 2008), whereas one
study found that intoxicated college students showed lower impulsivity, per the DDT, than
sober students (Ortner, MacDonald, & Olmstead, 2003). However, there were multiple
methodological differences among the studies, such as delay discounting procedure used,
number of time points measured, and level of alcohol use among the groups. With respect to
BART performance, risk-taking predicted greater alcohol use in college students (Fernie,
Cole, Goudie, & Field, 2010) but not in problem drinkers (Courtney et al., 2011) and,
similar to our study, there was no effect of alcohol on BART performance in female social
drinkers (Reynolds, Richards, & de Wit, 2006). However, taken together, the variability in
the alcohol-related delay discounting and BART studies suggests that the ability of these
tasks to pick up subtle drug effects or group differences may be limited or dependent on the
specific group of interest (e.g., “social drinkers,” alcoholics, college students).
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Overall, these results emphasize the necessity of examining a range of impulsivity and risk-
taking measures and focusing on well-defined groups because it appears that drug/alcohol
effects, group differences, and the interaction between the two on these tasks can vary.
Further, these studies also highlight that response initiation/inhibition appears to be greater
in moderate-heavy drinking women across studies, thus these women are likely at a greater
risk of developing alcohol use disorders (Flory, Pytte, Hurd, Ferrell, & Manuck, 2011;
Marczinski, Combs, & Fillmore, 2007; McKellar, Ilgen, Moos, & Moos, 2008; White et al.,
2011) and engaging in other risky/impulsive behaviors such as illicit drug-taking (e.g.,
Kjome et al., 2010; Liu et al., 2011) and sexual risk-taking (e.g., Black, Serowik, & Rosen,
2009; Lejuez, Simmons, Aklin, Daughters, & Dvir, 2004). This is an important point and
should be further explored in future research.

Of additional importance, alcohol increased measures of abuse liability and the positive
effects of alcohol more so in HD women than LD women, whereas negative effects of
alcohol were increased more in LD women than HD women, similar to our previous study
(Evans & Levin, 2004). These findings are clinically relevant since a recent study reported
that positive subjective ratings were associated with an increase in future binge drinking and
the development of alcohol use disorders in individuals who were heavy binge drinkers
(King, de Wit, McNamara, & Cao, 2011). Our study extends these findings by showing that
this may be particularly relevant in women.

There were a number of strengths in the current study. Because there is some evidence that
the effects of alcohol (Evans & Levin, 2011; Lammers, Mainzer, & Breteler, 1995) and
other drugs (Evans & Foltin, 2006; Evans, Haney, & Foltin, 2002; Franklin et al., 2004;
Justice & de Wit, 1999; Sofuoglu, Dudish-Poulsen, Nelson, Pentel, & Hatsukami, 1999)
vary across the menstrual cycle, all women were tested in the same phase of their menstrual
cycle (i.e., follicular). In addition, given the various risks of heavy and/or hazardous
drinking that pertain specifically to women (e.g., pregnancy risks, sexual abuse, breast
cancer, heart disease; CDC, 2010; NIAAA, 2008), the fact that this study examined the
effects of alcohol specifically in women makes this an important addition to the alcohol
literature. Lastly, one of the main strengths of this study is that we excluded women who
had any Axis I disorders, as well as individuals with first-degree family histories of drug and
alcohol abuse or dependence or major trauma histories, all factors that alone can impact the
response to alcohol (e.g., Evans & Levin, 2011; Evans, Levin & Reed, submitted) and
impulsivity tasks (e.g., Acheson, Richard, Mathias, & Dougherty, 2011; e.g., Enoch, 2011)
and would have impeded our ability to make a clear determination of the results. However,
this could also be viewed as a limitation because these factors are prevalent in heavy
drinkers (e.g., Khoury, Tang, Bradley, Cubells, & Ressler, 2010; Magnus-son et al., 2011;
Schuckit & Smith, 2011) and may further exacerbate alcohol-related risks (Hyman et al.,
2008; Jenkins et al., 2011; Peters et al., 2012; Söderpalm & Söderpalm, 2011). Another
limitation is that we could not make comparisons among the HD group based on their binge
drinking behavior because the majority of HD women were binge drinkers based on their
prospective self-reported drinking. Additionally, we were unable to address potential sex
differences because men were not included.

This study addressed the paucity of research on alcohol-related risks in women by focusing
on heavy/hazardous drinking women, a growing population (CDC, 2010; Ceylan-Isik,
McBride, & Ren, 2010; Grucza, Norberg, Bucholz, & Bierut, 2008; Keyes, Grant, & Hasin,
2008; SAMHSA, 2011). Interestingly, we have noticed a change in the demographics and
drinking patterns among our female research participants over the past few years; although
the overall level of drinking in moderate/heavy drinkers in our previous study (Evans &
Levin, 2004) was similar to the present study (9 drinks/week vs. 10 drinks/week,
respectively), the percentage of binge drinkers has increased (87% vs. 66%, respectively),
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with a corresponding increase in racial/ethnic diversity (48% White vs. 73% White,
respectively). These demographic differences within our own laboratory over time support
and confirm the epidemiologic data suggesting a growing prevalence of binge drinking,
particularly in women (Balodis, Potenza, & Olmstead, 2009; Keyes, Grant, & Hasin, 2008),
and the comparable prevalence of current binge and heavy alcohol use among most racial
and ethnic groups (SAMHSA, 2011).

In summary, this study allowed us to determine the effects of heavy drinking alone on
impulsivity and alcohol-related abuse liability in women without the potential confound of
other risk factors. Other than differences in drinking levels, both of our groups of interest
were relatively homogenous (e.g., other risk factors associated with increased impulsivity
were excluded, no Axis I disorders, only female participants, all participants run in the same
menstrual cycle phase). Although this could have reduced the ability to observe differences
between the groups, instead there were robust differences highlighting the influence of
heavy drinking on impulsivity and the abuse liability of alcohol. The fact that impulsivity is
greater in HD women, that alcohol can further increase impulsivity, and that hazardous
alcohol use is increasing in women (e.g., Keyes, Grant, & Hasin, 2008) lays the foundation
for a cyclical pattern between impulsiveness and alcohol use, and ultimately, subsequent
severe alcohol-related medical and psychological problems. Given the limited research to
date on interventions for hazardous or risky drinking behavior (e.g., Foran, Heyman, Slep, &
United States Air Force Family Advocacy Research Program, 2011; Palfai, Zisserson, &
Saitz, 2011), additional research and intervention techniques for high-risk alcohol-users,
particularly women, are essential.
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Figure 1.
Time course of breath alcohol levels as a function of group and alcohol dose. Error bars
represent ± 1 SEM.
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Figure 2.
Time course of breath alcohol levels (BAL) and Immediate Memory Task (IMT) ratio in
response to 0.75 g/kg alcohol in light drinkers and heavy drinkers. Error bars represent ±
SEM.
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Figure 3.
Peak Immediate Memory Task (IMT) ratio, Delayed Memory Task (DMT) ratio, 150 ms
GoStop ratio, Delay Discounting Task (DDT) overall k value, and Balloon Analogue Risk
Task (BART) adjusted number of pumps as a function of group and alcohol dose. * denotes
a significant difference compared with 0.00 g/kg alcohol in the light drinkers (p ≤ .05). #

denotes a significant difference compared with 0.00 g/kg alcohol in the heavy drinkers (p ≤ .
05). denotes a significant difference between groups (p ≤ .05). Error bars represent + 1 SEM.
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Figure 4.
Peak Drug Liking and Take Again ratings on the Drug Effects Questionnaire (DEQ) and the
Sedation and Stimulant subscale scores on the Biphasic Alcohol Effects Scale (BAES) as a
function of group and alcohol dose. See Figure 3 for details.
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Figure 5.
Peak Balance and Digit Symbol Substitution Test (DSST) correct arrays completed as a
function of group and alcohol dose. See Figure 3 for details.
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Table 1

Demographic Characteristics of Study Participants

LD (n = 23) HD (n = 23)

Age (yrs) 28.2 (3.9) 28.0 (5.2)

Race (Black/White/Hispanic/other) 5/11/3/4 4/12/3/4

Education (yrs) 16.6 (1.8) 15.9 (1.1)

Menstrual cycle length (days) 28.5 (2.4) 28.5 (1.9)

Prospective alcohol consumption

 Alcohol drinks/week* 2.9 (1.2) 10.2 (2.7)

 Absolute range (drinks/week) 0.5–5.4 7.0–16.5

 Drinking days (%)* 26.9 (13.5) 62.1 (17.4)

 Drinks/drinking, day* 1.8 (0.6) 2.7 (0.8)

 Binge drinkers (n)* 6 20

 Binge drinking days (%)* 7.4 (17.5) 24.6 (22.1)

Cigarette smokers (n) 1 2

Marijuana smokers (n) 2 4

Beck Depression Inventory* 2.0 (3.3) 4.1 (3.8)

Trait Anxiety Inventory 31.7 (7.7) 34.8 (5.5)

State Anxiety Inventory* 28.8 (7.1) 33.1 (7.1)

Note. All demographics are presented as means ± SD unless otherwise denoted.

*
Significant difference between groups (p ≤ .05).
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Table 2

Impulsivity and Risk-Taking Self-Report Scores

Self-report (mean ± SD) LD HD

Barratt Impulsiveness Scale (BIS)

 Attentional* 13.6 (3.5) 17.1 (3.3)

 Motor 19.6 (3.3) 21.2 (3.6)

 Non-planning* 24.6 (4.7) 27.5 (3.9)

 Total* 57.8 (7.3) 65.8 (7.1)

Eysenck Impulsivity Questionnaire (EIQ)

 Impulsiveness* 3.1 (2.3) 5.2 (2.7)

 Venturesomeness 8.2 (5.6) 6.7 (3.4)

 Empathy 10.0 (2.4) 9.4 (2.8)

 Total 21.4 (4.2) 21.3 (4.2)

Zuckerman Sensation-Seeking Scale (SSS)

 Thrill and adventure seeking 6.7 (2.8) 5.7 (2.8)

 Experience seeking* 6.2 (2.1) 7.3 (1.5)

 Disinhibition* 3.9 (2.1) 6.2 (2.2)

 Boredom susceptibility* 2.2 (1.5) 3.5 (2.1)

 Total* 18.9 (5.8) 22.7 (5.5)

*
Significant difference between groups (p ≤ .05).
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