
Alcohol & Alcoholism Vol. 44, No. 6, pp. 586–593, 2009 doi: 10.1093/alcalc/agp051
Advance Access publication 28 September 2009

SPECIAL ISSUE: GENDER & ALCOHOL

Gender Differences in Alcohol Impairment of Simulated Driving Performance and Driving-Related Skills

Melissa A. Miller, Jessica Weafer and Mark T. Fillmore∗

Department of Psychology, University of Kentucky, Lexington, KY 40506-0044, USA
∗Corresponding author: Department of Psychology, University of Kentucky, Lexington, KY 40506-044, USA. Tel: +1-859-277-4728; Fax: +1-859-323-1979;

E-mail: fillmore@uky.edu

Abstract — Aims: Considerable laboratory research indicates that moderate doses of alcohol impair a broad range of skilled activities
related to driving performance in young adults. Although laboratory studies show that the intensity of impairment is generally dependent
on the blood alcohol concentration, some reviews of this literature suggest that women might be more sensitive to the impairing
effects of alcohol than men. The present study tested this hypothesis. Methods: Drawing on data from previous experiments in our
laboratory, we compared men and women in terms of the degree to which a challenge dose of alcohol (0.65 g/kg) impaired their
simulated driving performance and measures of three separate behavioral and cognitive functions important to driving performance:
motor coordination, speed of information processing and information-processing capacity. Results: Alcohol significantly impaired all
aspects of performance. Moreover, women displayed greater impairment than men on all behavioral tests and also reported higher levels
of subjective intoxication compared with men. Conclusions: Both biological and social–cultural factors have been implicated in gender
differences in the behavioral responses to alcohol. The current evidence of heightened sensitivity to alcohol in women highlights the
need for better understanding the biological and environmental factors underlying this gender difference.

INTRODUCTION

Accident reports suggest that up to 40% of fatal accidents in
the United States involve alcohol (e.g. Evans, 2004). During the
year 2002, over 17,000 motor vehicle fatalities in the United
States involved alcohol, representing an average of one alcohol-
related fatality every 30 min (NHTSA, 2003). Survey results
have also highlighted the widespread extent of this problem.
For example, 3 in 10 college students have reported driving
after drinking any amount of alcohol and 1 in 10 students
reported driving after consuming five or more drinks during
the past 30 days (Wechsler et al., 2003). Other surveys have
estimated that in any given year, over 2 million of the 8 million
college students in the United States drive under the influence
of alcohol (Hingson et al., 2002).

In the United States, drivers are considered to be legally in-
toxicated at a blood alcohol concentration (BAC) of 80 mg/
100 mL (0.08%). Epidemiological studies of automobile acci-
dents show a substantially elevated accident risk at this BAC
(Linnoila et al., 1986; NIAAA, 1996; Evans, 2004). In terms
of relative risk, drivers with a BAC of 80 mg/100 mL are
three times more likely to be involved in a traffic accident
than drivers with a zero BAC (e.g. Hurst et al., 1994). Con-
siderable laboratory research indicates that moderate doses of
alcohol impair a broad range of skilled activities related to driv-
ing performance in young adults (Mitchell, 1985; Stapleton
et al., 1986; Moskowitz and Robinson, 1987; Holloway, 1995).
Alcohol slows simple and complex reaction time (e.g.
Holloway, 1995), decreases hand steadiness (Laberg and
Loberg, 1989), reduces inhibitory control (Fillmore, 2003) and
impairs pursuit rotor tracking (Harrison and Fillmore, 2005).
One general determinant of the degree of alcohol-induced im-
pairment is the drinker’s BAC at the time of testing. Most lab-
oratory studies measure subjects’ BACs at the time of testing
in order to determine relationships between levels of impair-
ment and BAC. Impaired functioning is reliably observed at
BACs of 50 mg/100 mL, with higher BACs generally result-

ing in greater behavioral impairment (Holloway, 1995). Such
research has been important for policy development, such as
determining legal maximal BACs for automobile operation and
for setting FAA regulations for operating aircraft (for a review,
see Holloway (1995)).

Although laboratory studies show that the intensity of im-
pairment is generally dependent on the BAC, some reviews of
this literature suggest that gender may also be a factor; specif-
ically, women may be more impaired by alcohol than men
(Mumenthaler et al., 1999; Nolen-Hoeksema, 2004; Witt,
2007). For example, one study reported that alcohol increased
the detection thresholds for visual stimuli to a greater degree
in women compared with men (e.g. Avant, 1990). Studies of
alcohol effects on short- and long-term memory also report that
women display greater alcohol-induced impairments of imme-
diate and delayed recall compared with their male counterparts
(Jones and Jones, 1976, 1977; Niaura et al., 1987; Haut et al.,
1989). Compared with men, women have also shown greater
sensitivity to alcohol-induced impairment in tests of divided
attention (Mills and Bisgrove, 1983) and Stroop task perfor-
mance (e.g. Wang et al., 2003). Studies also have reported that
compared with men, women display greater alcohol-induced
impairment on manual dexterity tests (e.g. Price et al., 1986),
smooth pursuit tracking tasks (Dougherty et al., 1998) and in
measures of gross motor control, such as standing steadiness
and gait (e.g. Wang et al., 2003).

One of the reasons for this apparent heightened sensitiv-
ity to alcohol among female drinkers could be elevated BACs
during the time of behavioral testing under the dose. Despite
basing alcohol doses on individual body weights so as to yield
comparable BACs among subjects, women as a group might
still achieve higher BACs than men. Indeed, studies of alco-
hol pharmacokinetics have now established that women can
achieve higher peak BACs from a given dose of alcohol com-
pared with men (Frezza et al., 1990). Moreover, this gender
difference might be most evident at alcohol doses that are suf-
ficient to produce reliable impairments in most behavioral and
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Table 1. Comparisons of mean ages and drinking habits in men and women in each experiment

N Age Drinks Dose Frequency

Study Male Female Male Female Male Female Male Female Male Female

Marczinski et al. (2008) 20 20 22.5 (2.3) 22.2 (1.8) 5.2 (1.8) 4.6 (2.0) 1.2 (0.4) 1.2 (0.6) 2.1 (1.4) 2.0 (1.1)
Marczinski and Fillmore (in press) 16 12 22.0 (1.3) 23.5 (3.1) 6.5 (3.5) 4.8 (2.0) 1.4 (0.7) 1.1 (0.6) 2.5 (1.7) 2.1 (1.2)
Harrison and Fillmore (2005) 8 8 22.3 (1.2) 22.4 (1.4) 6.5 (3.4) 4.4 (2.0) 1.4 (0.7) 1.2 (0.5) 2.1 (1.4) 2.5 (1.4)
Weafer and Fillmore (2008) 14 12 21.9 (1.1) 21.9 (1.7) 6.9 (3.2) 4.8 (2.4) 1.6 (0.8) 1.3 (0.7) 1.9 (0.7) 2.5 (1.5)
Marczinski and Fillmore (2006) 6 6 25.5 (3.6) 23.7 (2.6) 4.5 (2.2) 3.8 (1.3) 1.1 (0.6) 1.0 (0.4) 2.3 (1.2) 2.2 (1.5)
Fillmore and Van Selst (2002) 7 5 24.3 (3.9) 24.0 (2.1) 4.8 (2.7) 5.1 (1.8) 0.9 (0.4) 1.5 (0.4) 2.9 (2.0) 1.9 (0.9)
Fillmore et al. (2009)a 10 10 23.8 (3.8) 22.5 (2.1) 11.7 (7.8) 6.1 (4.5)

Standard deviations reported in parentheses.
Drinks = the number of standard drinks consumed per drinking occasion.
Dose = milliliters of absolute alcohol per kilogram of body weight typically consumed during a single drinking occasion.
Frequency = number of drinking occasions per week.
aMeasures of dose and frequency were not collected by Fillmore et al. (2009).

cognitive functions (e.g. 1.0 g/kg). Reasons why women might
achieve higher BACs than men are not entirely clear but ap-
pear to involve gender differences in body-water volume and
first-pass metabolism (Frezza et al., 1990). In terms of body-
water volume, women generally have less body water available
for the distribution of alcohol, resulting in higher concentra-
tions. With regard to metabolism, studies find that women have
lower levels of gastric alcohol dehydrogenase, a critical en-
zyme that metabolizes alcohol (e.g. Frezza et al., 1990). There
is also evidence suggesting that menstrual cycle might influ-
ence BAC and behavioral sensitivity in women. Some studies
report elevated BACs and increased behavioral sensitivity to
alcohol during mid-luteal and ovulatory phases, as compared
with follicular phases (Brick et al., 1986; Cole-Harding and
Wilson, 1987; Sutker et al., 1987). However, others have failed
to demonstrate any influence of menstrual cycle on BACs or
behavioral sensitivity (Jones and Jones, 1976; Cole-Harding
and Wilson 1987; Lammers, 1995).

In much of the past research on alcohol impairment, BACs
at the time of behavioral testing were not routinely measured,
making it difficult to discern whether the greater behavioral
impairment seen among women could be attributed to elevated
BACs. However, some studies that found greater impairment
in women also reported comparable BACs between men and
women at the time of behavioral testing. Some of these studies
achieved comparable BACs by adjusting the doses, such that
women received a lower dose than men in order to prevent
elevated BACs (Burns and Moskowitz, 1978; Linnoila et al.,
1978; Hindmarch et al., 1992). Other studies obtained compa-
rable BACs between men and women by testing them during
the ascending limb of the blood alcohol curve when both gen-
ders show a comparable, rapid rise in BACs (e.g. Weafer and
Fillmore, 2008). Taken together, the findings from this research
provide intriguing evidence to suggest that women might be
more sensitive to some of the behaviorally impairing effects of
alcohol.

However, evidence remains somewhat equivocal as some
recent studies have failed to observe gender differences in be-
havioral impairment of alcohol (e.g. Nyberg et al., 2004). One
major reason for the inability to draw any definitive conclusions
about gender differences in alcohol impairment is that there has
been little systematic laboratory investigation of the issue. Most
of the evidence is based on individual studies that differ in al-
cohol doses, behavioral measures and testing procedures, mak-

ing it difficult to compare findings across studies. Moreover,
many studies are simply not designed to examine gender dif-
ferences or are under-powered to detect differences that might
be of modest effect size. In some cases, women may be more
impaired than men, but such differences may not reach conven-
tional levels of statistical significance and therefore could go
unreported. Finally, with regard to behavioral measures, there
has been little systematic investigation of gender differences
in alcohol impairment of skills specifically related to driving.
Driving involves efficient motor control, the ability to quickly
process and respond to ever-changing stimuli and the ability
to divide attention in a multi-task situation (Mitchell, 1985).
It is important for research on gender differences to examine
these functions on an individual basis, using specific measures
(e.g. tests of motor coordination and reaction time) to examine
the complex situation of driving, in which the functions are
assumed to operate in concert.

One method of avoiding problems associated with cross-
study inconsistencies is to examine gender differences in re-
sponse to alcohol’s effects on driving-related measures that are
tested using a single common methodology. The present study
was designed to test the hypothesis that women display greater
sensitivity to alcohol impairment on driving-related skills by
examining gender differences in response to a moderate dose of
alcohol on a host of measures tested under a common method-
ology. Drawing on data from previous experiments in our labo-
ratory, this study compares gender groups in terms of the degree
to which alcohol impaired their performance on measures re-
lated to driving. Gender differences were examined in subjects’
simulated driving performance and measures of three separate
behavioral and cognitive functions considered to be integral to
driving performance: motor coordination, speed of information
processing and information-processing capacity. Gender differ-
ences in levels of subjective intoxication were also examined.

METHOD

Overview

Data were examined from seven experiments previously con-
ducted in our laboratory from 2002 to 2008 (see Table 1). All
of the studies tested healthy young adults with no history of
alcohol or other drug dependence. All studies tested the be-
havioral effects of a moderate dose of alcohol (0.65 g/kg) in
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a placebo-controlled design. The alcohol dose yields a target
peak BAC of 80 mg/100 mL and was chosen on the basis of
prior research showing that behavior is reliably impaired at
this BAC (e.g. Fillmore and Vogel-Sprott, 1999, 2000). The
alcohol and placebo test occurred on separate days and the test
order was counterbalanced across subjects within each study.
The experiments were approved by the University of Kentucky
Medical Institutional Review Board and all volunteers were
paid for their participation.

Participants

Each experiment included between 12 and 40 participants from
21 to 35 years of age. Participants completed the Personal
Drinking Habits Questionnaire (Vogel-Sprott, 1992) to provide
information regarding their current, typical drinking habits.
Those with a self-reported psychiatric disorder, substance abuse
disorder, head trauma or other injury of the central nervous
system were excluded from participating. Volunteers with a
Short Michigan Alcoholism Screening Test (Selzer et al., 1975)
score of 5 or higher were excluded from the studies. No female
volunteers who were pregnant or breast-feeding, as determined
by self-report and urine analysis, participated in any of the
studies.

Procedure

Screening/familiarization. Participants were recruited by
notices posted on community bulletin boards and by local news-
paper advertisements. Volunteers provided informed consent
prior to participating. Individuals who responded to the adver-
tisements called the laboratory and participated in a telephone-
screen interview. They were told that the purpose of the experi-
ment was to study the effects of alcohol on driving performance
and performance on computer tasks. Sessions were conducted
in the Human Behavioral Pharmacology Laboratory of the De-
partment of Psychology at the University of Kentucky.

Prior to alcohol testing, subjects were familiarized with the
behavioral tasks during a familiarization session. The primary
purpose of the familiarization session was to introduce partici-
pants to the tasks and laboratory procedures. They were given
instructions and standardized practice for all tasks. They also
completed questionnaires providing demographic information,
drug and alcohol use history, and physical and mental health
status information.

Tests of alcohol effects on performance. Behavioral perfor-
mance was assessed in response to two doses of alcohol: 0.0
g/kg (placebo) or 0.65 g/kg. Doses were administered on dif-
ferent days and the dose order was counterbalanced across
subjects. Before each test session, participants were instructed
to fast for 4 h and to abstain from alcohol for 24 h. Urine
samples were tested for the presence of drug metabolites (On
Trak TesTstiks; Roche Diagnostics Corporation, Indianapolis,
IN, USA) and pregnancy in the female participants (Mainline
Confirms HGL; Mainline Technology, Ann Arbor, MI, USA).
In addition, a zero BAC was verified for each participant at
the start of all sessions. BACs were determined from breath
samples measured by an Intoxilyzer, Model 400 (CMI, Owens-
boro, KY). Testing was conducted in a small room consist-
ing of a chair and a desk with a computer that operated the
tasks.

The alcohol dose was calculated on the basis of body weight.
A dose was administered as absolute alcohol divided equally
into two drinks containing one part alcohol and three parts
carbonated mix. Participants had 1 min to finish each drink, and
the second drink was served 5 min after the first. This dosing
procedure produced a mean rate of rise in BAC of 1.0 mg/
100 mL per minute (Fillmore et al., 1998). Thus, the peak BAC
occurred ∼75 min after drinking began. Once peak BAC was
achieved, it remained at a steady state for ∼10 min (Fillmore
et al., 1998).

The placebo consisted of a volume of carbonated mix that
matched the total volume of the 0.65 g/kg alcohol drink. A
small amount (3 mL) of alcohol was floated on the surface
of the beverage. It was served in two glasses that had been
sprayed with an alcohol mist that resembled condensation and
provided a strong alcoholic scent as the beverages were con-
sumed. Participants drank each drink within 1 min. Research
indicates that individuals report that this beverage contains al-
cohol (e.g. Fillmore et al., 1998). After the beverage was con-
sumed, participants relaxed and read magazines in the waiting
room.

Task performance and subjective effects were assessed
∼30 min after drinking. The behavioral tasks required ∼10–20
min to complete, which coincided with the ascending limb of
the BAC curve in the active dose condition. BAC was mea-
sured just prior to testing during both the alcohol and placebo
sessions.

After testing, participants relaxed in a waiting room within
the laboratory. They each received a meal and remained at
leisure to read magazines or watch TV. Their BACs were mea-
sured every 20 min until they fell below 20 mg/100 mL at which
point they were released from the laboratory. Upon completion
of the final session, participants were paid and debriefed.

Dependent measures. Simulated driving. Driving perfor-
mance was measured by a computerized driving simulation
task (STISIM Drive, Systems Technology, Inc., Hawthorne,
CA, USA). This task is sensitive to the impairing effects of
alcohol and is described in detail elsewhere (Marczinski et al.,
2008) and summarized here. Participants sat in front of the
computer display that presented the driving simulation. They
controlled the vehicle by moving a steering wheel and manipu-
lating accelerator and brake pedals. Participants were instructed
to maintain a constant speed of 55 mph and to maintain their
vehicle position in the center of the right lane.

The driving simulator yields two measures of driving perfor-
mance that are typically impaired as a result of alcohol intox-
ication: deviation of lane position and steering rate. Deviation
of lane position is an indicator of the degree of adjustment that
a driver implements to maintain a desired position within the
lane. Greater lane deviation indicates poorer driving precision.
The lane position standard deviation (LPSD) score for a test
was obtained by averaging deviation measures sampled at each
foot of the driving test.

Steering rate (SR) is a measure of the average speed with
which the participant turns the steering wheel to maintain po-
sition on the road. Intoxicated drivers tend to make abrupt,
quick movements to the steering wheel, which is reflected by
an increase in the rate of steering movement. Rate of steering
movement was measured in terms of the average degree change
in the steering wheel per second, with greater values indicating
increased steering rate.
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Capacity of information processing

Information-processing capacity was measured by a ‘dual task’
that required participants to respond to two different stimuli pre-
sented in close succession. Alcohol has been shown to impair
performance on this task, which is described in greater detail in
Marczinski and Fillmore (2006). The task requires a participant
to inhibit or activate a response to task 1, a simple go/no-go
task, which is immediately followed by a simple auditory dis-
crimination task (task 2). The capacity constraint imposed by
task 1 results in a refractory period that slows response time
to task 2. The task 2 stimulus was presented after one of four
delays (50, 200, 600 or 800 ms) following task 1. The depen-
dent measure was the interference (i.e. slowing) on the RT to
task 2. Interference is greatest when task 2 follows task 1 by
the shortest delay (50 ms) and is least when task 2 follows task
1 by the longest delay (800 ms). The interference is expressed
as a single value (RT2 shortest SOA − RT2 longest SOA), with larger
scores indicating greater interference (less available capacity).

Speed of information processing

Information-processing speed was measured using the rapid
information-processing (RIP) task. A fixed, pseudo random se-
quence of digits consisting of the digits 1–8 was presented to
the participants. They were required to press a key whenever
they saw a digit that represented the third digit of a three-digit
sequence (a triad) consisting of even digits (e.g. 6, 2, 4) or of odd
digits (e.g. 5, 1, 7). Each correct response to a triad increased
the digit presentation rate, while a failure to respond to a triad or
a response to a non-triad slowed the presentation rate. Thus, the
task measured the rate of information processing by adjusting
the presentation rate according to the subject’s ability to con-
stantly encode and update information in the working memory
in order to detect triads. The dependent measure, information-
processing speed, was measured by the average number of dig-
its presented per minute on the test, with fewer digits per minute
indicating slower information-processing speed. Previous stud-
ies that describe this task in detail find that RIP performance is
reliably slowed by moderate doses of alcohol (Fillmore et al.,
2009).

Motor coordination

A computerized pursuit rotor task was used to measure psy-
chomotor performance. The task measured a participant’s abil-
ity to track a moving visual target by the isomorphic manipula-
tion of a computer mouse. Participants controlled a cross-hair
sight (1.5 cm) by moving the mouse and were instructed to
keep the sight on the red circle for as long as possible during
a 60-s trial. The computer measures the percent of time on tar-
get (% TOT) during each trial, with greater values indicating
more precise motor coordination. This task is fully described in
Harrison and Fillmore (2005) and has been found to be sensitive
to the impairing effects of alcohol.

Subjective effects. A visual analog scale (VAS) was used to
measure subjective intoxication to alcohol. Participants rated
their subjective level of intoxication on the scale by placing a
vertical mark through a 100 mm line, with the left side (0 mm)
indicating ‘not at all’, and the right side (100 mm) indicating
‘very much’. The scale has been used in previous research to
demonstrate subjective ratings of intoxication (e.g. Chutuape
et al., 1994; Fillmore, 2001).

Table 2. Baseline performance of men and women for each behavioral test

Baseline score (placebo)

Males Females

Tasks and studies Measures M (SD) M (SD)

Simulated drive
Marczinski et al.

(2008)
LPSD 1.2 (0.5) 1.3 (0.3)

SR 6.9 (1.9) 7.5 (1.7)
Marczinski and

Fillmore (in
press)

LPSD 1.5 (0.4) 1.2 (0.3)

SR 7.8 (2.6) 7.3 (1.7)
Pursuit rotor task

Harrison and
Fillmore (2005)

%TOT 52.9 (7.3) 43.9 (14.4)

Weafer and
Fillmore (2008)

%TOT 51.4 (11.8) 50.1 (13.6)

Dual task
Marczinski and

Fillmore (2006)
Interference 202.8 (48.7) 188.7 (69.4)

Fillmore and Van
Selst (2002)

Interference 196.1 (35.0) 198.8 (40.9)

RIP task
Fillmore et al.

(2009)
Rate 103.2 (22.2) 112.2 (19.6)

Standard deviations reported in parentheses.
LPSD = lane position standard deviation (feet).
SR = steering rate (degrees).
%TOT = percent time on target.
Interference = interference effect (milliseconds).
Rate = rate of information processing (digits per minute).

RESULTS

Drinking habits

Table 1 presents the average age and typical drinking habits of
the men and women in each study. t-tests revealed no significant
gender differences in the age of participants in any experiment.
The PDHQ (Vogel-Sprott, 1992) yielded three measures of cur-
rent drinking habits. Two of these measures concern the actual
quantity of alcohol consumed: drinks and dose. Drinks refer to
the number of standard drinks typically consumed per drinking
occasion. t-tests revealed no gender differences in the number of
drinks consumed by males and females in any experiment. Dose
refers to the milliliters of absolute alcohol per kilogram body
weight typically consumed during a single drinking occasion.
This measure provides an assessment of alcohol consumption
that takes into account differences in the body weight as well as
the amount of alcohol found in different alcoholic beverages.
t-tests revealed a significant gender difference in only one study
(Fillmore and Van Selst, 2002). In that study, women reported
consuming a significantly higher dose of alcohol than men (P =
0.019). The third PDHQ drinking measure, frequency, refers to
the typical number of drinking occasions per week. There were
no significant gender differences in the frequency of drinking
in any study.

Baseline functioning

Table 2 presents the mean performance scores for men and
women in response to placebo, which provided the measure
of baseline, sober performance in every test. t-tests revealed
no gender difference on the baseline performance for any test,
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Fig. 1. Mean blood alcohol concentration (mg/100 mL of blood) for men and women in each experiment.

indicating no significant differences in the skill level between
men and women prior to alcohol administration.

Alcohol effects

Figure 1 presents the mean BACs for men and women at the
time of testing in each study. Average BACs were generally
comparable across studies, with participants obtaining BACs
between 67 and 88 mg/100mL at the time of testing. The mean
BACs of men and women were compared by t-tests in each ex-
periment and no significant gender differences were observed.

Gender differences in alcohol impairment. With regard to
the acute effects of alcohol, the studies showed robust impair-
ment from alcohol on all tasks. Measures of simulated driving
performance showed that alcohol resulted in as much as 40%
decrements compared with placebo (Marczinski et al., 2008;
Marczinski and Fillmore, in press). Studies of RIP and dual
task performance reported that alcohol reduced speed and ca-
pacity of information processing by as much as 10% and 19%,
respectively (Fillmore and Van Selst, 2002; Marczinski and
Fillmore, 2006; Fillmore et al., 2009). With respect to motor
coordination, the studies of pursuit rotor performance found
that alcohol impaired psychomotor coordination by as much
as 25% compared with placebo (Harrison and Fillmore, 2005;
Weafer and Fillmore, 2008).

Table 3 presents the effect sizes of the impairing effects of
alcohol separately for men and women. Effect sizes were cal-
culated as the difference between the mean score under placebo
and the mean score under alcohol for each of the nine individ-
ual tests examined in the seven experiments. The mean effect
size averaged over tasks was 1.16 for women and 0.72 for men.
Moreover, the table shows that women displayed effect sizes
greater than one standard deviation for the majority of the tests.
The magnitude of the effects resulted in an upper bound con-
fidence interval of 1.65. By contrast, for men, the majority of
effect sizes were modest with only one effect greater than one
standard deviation.

In addition to an effect size difference between men and
women in terms of average magnitude, the gender difference

Table 3. Effect sizes comparing performance under alcohol and placebo

Effect sizes

Tasks and studies Measures M F

Simulated drive
Marczinski et al.

(2008)
LPSD 0.66 0.80

STR 0.44 0.55
Marczinski and

Fillmore (in
press)

LPSD 0.54 0.66

STR 0.44 1.11
Pursuit rotor task

Harrison and
Fillmore (2005)

%TOT 1.34 2.59

Weafer and
Fillmore (2008)

%TOT 0.75 1.02

Dual task
Marczinski and

Fillmore (2006)
Interference 0.86 1.42

Fillmore and Van
Selst (2002)

Interference 0.52 0.73

RIP task
Fillmore et al.

(2009)
Rate 0.90 1.59

Mean 0.72 1.16
0.44–1.34 0.55–2.59

Range CI (95%) (0.50–0.94) (0.68–1.65)
rMF 0.933

LPSD = lane position standard deviation (feet).
SR = steering rate (degrees).
%TOT = percent time on target.
Interference = interference effect (milliseconds).
Rate = rate of information processing (digits per minute).

was also evident in terms of its frequency of occurrence. There
was a considerable range in effect sizes across tests from
medium (e.g. 0.52) to fairly large sizes (e.g. 2.59) (Cohen,
1988) and a Pearson correlation showed effect sizes to be
highly correlated between men and women over tests (r =
0.93, P < 0.01). However, despite the correlation between men
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Table 4. Effect sizes of subjective intoxication between alcohol and placebo

Effect sizes

Study Male Female

Marczinski et al. (2008) 2.768 2.617
Marczinski and Fillmore (in press) 1.682 3.306
Weafer and Fillmore (2008) 0.624 2.110
Fillmore and Van Selst (2002) 0.617 5.917
Fillmore et al. (2009) 0.981 1.309
Mean 1.334 3.052
Range (0.617–2.768) (1.309–5.917)
CI (95%) (0.203–2.466) (0.867–5.237)

and women, women displayed a greater effect size than men
on all nine tests, indicating a greater response to alcohol re-
gardless of measure. The frequency of this gender difference
was confirmed statistically by a non-parametric sign test that
tallied the differences between pairs of effect sizes for men and
women across the tests. The sign test showed that the observed
frequency of tests in which women displayed a greater effect
size than men differed significantly from chance (P < 0.01).

Gender differences in subjective intoxication. Five of the
experiments obtained measures of subjective intoxication and
found that alcohol produced significant increases in levels
of subjective intoxication compared with placebo. Table 4
presents the effect sizes of the subjective intoxication ratings
for men and women based on the difference between the mean
ratings under placebo and the alcohol dose. The effect sizes
for women were greater than those for men in four of the five
studies. For women, the mean effect size across studies was
nearly three times the mean effect size observed in men (3.05
versus 1.33).

DISCUSSION

This research investigated gender differences in the effects of
a moderate dose of alcohol on a range of tasks measuring driv-
ing performance from data collected in seven previous experi-
ments. The results indicated that alcohol significantly impaired
the performance of men and women on all tasks. Moreover,
this study found that women displayed greater impairment in
response to alcohol than men on all behavioral tests. Women
also tended to report higher ratings of subjective intoxication
in response to alcohol than men.

Despite the long-standing interest in the possibility that
women might be more sensitive to the behaviorally disruptive
effects of alcohol, few studies have provided compelling
evidence to support such a notion. One reason for the lack of
evidence is insufficient statistical power owing to small sample
sizes of individual studies. This problem points to the need
to aggregate findings across studies that employ a common
methodology, such as standard dose administration and testing
procedures.

The present study adopted such an approach. First, the test-
ing methodology was standardized across studies and involved
a placebo-controlled test of the impairing effects of the same
dose of alcohol (0.65 g/kg). In particular, our dosing and testing
procedures are designed to produce comparable BACs for men
and women during the assessment period under the dose. In-
deed, no gender differences were observed in any study, and all

BACs were close to the target BAC of 80 mg/100 mL. A reason
commonly cited for heightened sensitivity to alcohol among fe-
male drinkers is elevated BACs compared with male drinkers.
However, given the similar BACs achieved by men and women
in each of the current studies, it is unlikely that BACs could
explain the gender differences observed in the behavioral and
subjective responses to alcohol.

Second, the men and women tested in these experiments
were fairly homogenous in terms of their drinking patterns. All
studies recruited young adult, non-dependent ‘social’ drinkers.
In fact, the men and women in the studies displayed remarkably
similar patterns of alcohol consumption in terms of typical
quantity consumed and frequency of consumption. Drinking
patterns could influence behavioral sensitivity to alcohol in
cases where prolonged heavy consumption might result in the
development of tolerance to the impairing effects of the drug.
However, it is unlikely that the gender differences in this study
could be due to differences in tolerance because of the similar
drinking patterns observed among the gender groups.

Finally, it is important to note that the sober performance lev-
els on the behavioral tasks were similar for men and women and
this was likely due to the task familiarization and training be-
fore testing. Some research suggests that the impairing effects
of alcohol differ as a function of prior skill level, with more
pronounced impairments observed in individuals with low lev-
els of skill (Harrison and Fillmore, 2005). However, given the
similar skill among men and women in the current studies, such
an explanation for the gender differences is unlikely.

In recent years some biological explanations have been of-
fered to account for observations of increased sensitivity to
alcohol in women. In animal models, gonadal steroids, neu-
roactive steroids and stress hormones are thought to influence
the development of gender differences in responses to alcohol
(Witt, 2007). There is some evidence that androgens in males
inhibit glucocorticoid responses to alcohol while estrogen in
females enhances this response, which is thought to contribute
to the reinforcing effects of alcohol (Fahlke et al., 1994). Such
studies have led some researchers to suggest that females may
require smaller doses of alcohol to experience its rewarding
effects than males, as evidenced by higher blood levels of cor-
ticosterone in response to ethanol (Silveri and Spear, 2004; Witt
2007). It is interesting to note that women in our studies dis-
played heightened levels of subjective intoxication compared
with men in response to the same dose of alcohol. Although
our studies did not directly assess the reinforcing effects of
alcohol, evidence for heightened sensitivity to the subjective
effects in women could suggest that they might also experience
more intense rewarding effects from the drug.

In addition to pre-clinical studies, a few studies of humans
have sought to identify a biological basis for gender differ-
ences in behavioral responses to alcohol. Neuro-imaging stud-
ies show that alcohol administration decreases regional brain
glucose metabolism in humans, and such reductions in neu-
ral activity have been suggested to underlie the acute behav-
ioral impairments associated with alcohol consumption (Wang
et al., 2000). A more recent study by this same group found that
alcohol produced a greater decrement in glucose metabolism
in men compared with women (Wang et al., 2003); however,
women exhibited greater behavioral impairment in response
to alcohol. The neural imagining findings appear to contra-
dict the behavioral observations and there might be several
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explanations to account for this discrepancy. One possibility
is that women are simply more sensitive than men to alcohol-
induced reductions of glucose metabolism in terms of its ad-
verse effect on behavioral functioning (Wang et al., 2003).
However, the application of neuro-imaging in the search for a
neural basis underlying gender differences in response to alco-
hol is only in its infancy and there is much to be learned from
future studies using these promising techniques.

Social and cultural learning also cannot be ruled out as a
factor underlying gender differences in behavioral responses to
alcohol. It has been known that alcohol affects social behaviors
differently in men and women (Wells et al., 2007). For exam-
ple, studies have shown that men become more aggressive in
response to alcohol than do women (Giancola and Zeichner,
1995; Giancola et al., 2002). Such gender differences could
be mediated by social norms such that, for men, physical ag-
gression in the drinking situation might be expected, or even
encouraged. Indeed there is a wealth of evidence that shows in-
dividuals hold expectations about alcohol effects on a variety of
social behaviors, affective states and cognitive/motor functions
(e.g. Goldman, 1999). With regard to cognitive/motor func-
tions, studies show that individual differences in the degree of
impairment that drinkers expect from alcohol can predict their
actual level of impairment under the drug and these expectan-
cies actually play a causal role by mediating the observed lev-
els of impairment (e.g. Fillmore et al., 1998, 2002). Evidence
that drinkers’ expectations contribute to their impairment has
important implications for understanding gender differences in
response to alcohol. Studies have reported that men and women
differ in their expectancies about alcohol effects on many as-
pects of behavior (Read et al., 2004). Differences between men
and women in their expectancies about the effect of alcohol on
cognitive and behavioral functions could contribute to gender
differences in the degree of impairment they display under the
drug. A challenge for future research on gender differences will
be to distinguish between such socially learned influences and
those that have a purely biological basis.

Finally, evidence that women are more sensitive to alco-
hol impairment suggests that women, as a group, are more
vulnerable to the risks associated with impaired driving than
men. However, reports indicate that actually the converse is
true. In fact, women constitute a substantially smaller propor-
tion of drivers involved in alcohol-related fatal crashes than
men (Cavaiola and Wuth, 2002). One possible explanation for
this paradox might involve the finding that women self-report
greater intoxication from a dose of alcohol than men, as was
demonstrated in the present study, as well as in previous work
(Wang et al., 2003). Perceived intoxication may serve as a cue
to help women form judgments that they are unable to drive.
As such, greater sensitivity to the perceived intoxicating ef-
fects of alcohol might serve an adaptive function that allows
the individual to make sound decisions not to drive after drink-
ing. Indeed, the idea that greater subjective ratings of intoxica-
tion can influence decisions about one’s capability of driving
has been demonstrated in previous research (Marczinski et al.,
2008; Marczinski and Fillmore, in press). Compared with light
drinkers, heavy drinkers are at a greater risk for driving while
intoxicated and studies show that these individuals tend to re-
port less intoxication from a dose of alcohol and report being
more able to drive after drinking (Marczinski et al., 2008).
Thus, although the current study demonstrated that women are

more impaired by the behavioral effects of alcohol than men,
the fact that such heightened impairment results in an increased
risk to women remains uncertain.
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