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Abstract
Basic mechanisms through which men and women self-regulate arousal have received little attention
in human experimental addiction research although stress-response-dampening and craving theories
suggest an important role of emotional arousal in motivating alcohol use. This study examined gender
differences in the effects of acute alcohol intoxication on psychophysiological and self-reported
arousal in response to emotionally negative, positive, and neutral, and alcohol-related, picture cues.
Thirty-six social drinkers (16 women) were randomly assigned to an alcohol, placebo, or control
beverage group, and exposed to picture cues every 10 s (0.1 Hz presentation frequency).
Psychophysiological arousal was assessed via a 0.1-Hz heart rate variability (HRV) index. A
statistically significant beverage group-by-gender interaction effect on psychophysiological, but not
self-reported, arousal was found. 0.1-Hz HRV responses to picture cues were suppressed by alcohol
only in men. This gender-specific suppression pattern did not differ significantly across picture cue
types. There were no significant gender differences in the placebo or control group. Greater
dampening of arousal by alcohol intoxication in men, compared to women, may contribute to men's
greater tendency to use alcohol to cope with stress.
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Individual differences in the self-regulation of arousal and attendant emotional experience have
profound effects across the lifespan on many aspects of physical and psychological health
(Appelhans & Lucken, 2007; Giardino, Lehrer, & Feldman, 2000). Not surprisingly, several
fundamental, yet distinct research questions in the addictions literature share a common focus
on better understanding mechanisms that support self-regulation of arousal, and individual
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differences that influence emotional regulatory systems. For example, since Conger (1956)
first proposed a stress-response dampening (SRD) theory, the dampening effects of alcohol on
negative emotional arousal have been hypothesized to explain drinking behavior motivated by
the desire to cope with stressful emotional states. Similarly, theories of craving implicate
physiological arousal in response to appetitive environmental cues as playing a role in eliciting
drug seeking behaviors and in contributing to relapse (Carter & Tiffany, 1999; Tiffany,
1995). There are multiple systems involved in regulation of emotion. The autonomic nervous
system (ANS) components of emotion serve a preparatory function, which involves general
arousal that prepares an organism as a whole for action (e.g., increase in heart rate), and specific
arousal that prepares the organism for a particular behavior (e.g., fleeing from danger, lighting
a cigarette) (Iversen, Kupfermann, & Kandel, 2000). Together with endocrine response and
cortical processing of salient environmental stimuli, individual differences in ANS arousal and
its modulation contribute to the experience of emotional states that are relevant to
understanding both SRD and craving. The focus of this study was on a basic
psychophysiological mechanism that supports self-regulation of arousal in real-time in
response to emotional and alcohol cues in the environment, how this mechanism is affected
by alcohol intoxication, and how alcohol effects on arousal may conceivably play a role in
differentially motivating alcohol consumption in men and women.

Alcohol Intoxication and Dampening of Arousal
Much research has examined how alcohol modifies emotional experience that is stressful in
nature. Alcohol intoxication has been shown to affect psychophysiological indicators of
emotional arousal by dampening increases in autonomic nervous system (ANS) reactivity, such
as heart rate (HR) and galvanic skin response (GSR), in response to a wide variety of stressors
such as negative emotional visual stimuli, pain, and the social discomfort of public speaking
or making good impression to the opposite sex (Greeley & Oei, 1999; Strizke, Patrick, & Lang,
1995). Self-report studies further suggest that men are more likely than women to use alcohol
to cope with stress (Frone, Cooper, & Rusell, 1994; San Jose, van Oers, van de Mheen,
Garretsen, & Mackenback, 2000).

Many studies of acute alcohol effects on the ANS in response to stressors excluded women,
however, and those that did examine gender differences reported inconsistent findings. Some
studies found no gender differences in SRD effects of alcohol, primarily using reductions in
HR as the indicator of reduced arousal (Hoaken, Campbell, Stewart, & Pihl, 2003; Levenson,
Oyama, & Meek, 1987), while others have found gender differences. Sinha, Robinson, and
O'Malley (1998) found significant SRD effects of alcohol on HR in women with a family
history of alcohol use and/or anxiety disorders, compared to women without positive family
histories and women in a placebo condition. Men did not show SRD effects, regardless of
family history. On the other hand, Croissant, Rist, Demmel, and Olbrich (2006) reported that
sons of alcoholics, but not daughters, showed strong SRD effects on HR following alcohol
consumption, compared with drinking a non-alcoholic beverage. Neither study examined
gender-by-alcohol interaction effects on ANS reactivity. Thus, gender differences in stress-
dampening effects of alcohol across various levels of risk for problematic alcohol use remain
unclear. The inconsistency in HR findings may also be due in part to differences between
studies in methodology, such as the timing of HR measurements following alcohol
consumption and baseline levels of HR (see Sayette, 1993, for a review).

Furthermore, it is unclear whether arousal dampening effects of alcohol are limited primarily
to stress-inducing stimuli or apply more broadly to arousing stimuli irrespective of emotional
valence. Due to the importance of “stress-response” dampening to etiological theories of
alcohol use (Cooper, Frone, Russell, & Mudar, 1995; Cox & Klinger, 1988; Greeley & Oei,
1999), many previous studies included only stress-inducing stimulus conditions and
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emotionally neutral conditions for comparison. The study of a broader range of stimulus
conditions is desirable, as shown in a study by Strizke and colleagues (1995) that found alcohol
reduced GSR in response to both negative and positive emotional stimuli. It thus appears useful
to carefully delineate arousal and valence components of ANS arousal regulatory systems.

Alcohol cue reactivity research has focused on alcohol dependent individuals who typically
self-report craving and show increased autonomic arousal, such as increased HR and GSR, in
response to both visual and olfactory alcohol cues (see Carter & Tiffany, 1999; Drummond,
Cooper, & Glautier, 1990 for reviews). Cue reactivity induced by alcohol-related cues is not
limited to alcohol dependent drinkers, however. Increased self-report of urges to drink
(Cooney, Gillespie, Baker, & Kaplan, 1987) and increased physiological arousal responses to
alcohol-related cues (Walitzer & Sher, 1990) have also been demonstrated in social drinkers.
In cue reactivity studies, alcohol exposure typically does not involve administration of alcohol
beyond the level of priming or tasting. Furthermore, the limited empirical evidence is equivocal
as to whether alcohol cue reactivity during negative mood states differs for men and women
who are alcohol dependent (Rubonis et al., 1994) or heavy social drinkers (Nesic & Duka,
2006). It is important to understand how alcohol administration may influence alcohol cue
reactivity, and whether it influences cue reactivity differentially for men and women in
response to emotional and alcohol-related cues. Therefore, the present study included alcohol-
related picture cues, in addition to emotionally arousing cues, to examine the effects of alcohol
in a broader context of arousal response.

Real-time Change in Heart Rate Variability as a Measure of Autonomic Arousal
While HR and GSR are useful indicators of changes in arousal and emotional reactivity, they
do not directly characterize dynamic aspects of self-regulation (El-Sheikh, 2001). In line with
a focus on modulation of arousal and the use of alcohol to self-regulate emotional response,
the current study examined a component of heart rate variability (HRV), derived from cardiac
beat-to-beat R-to-R intervals (RRI), to capture continuous, fine-grained adjustments that occur
in HR in response to emotional and alcohol-related picture cues. Quantitative parameters of
HRV characterize the adaptive capacity of the cardiovascular system, working together with
the neural circuitry involved in the central autonomic network (Benarroch, 1997), and thus are
well suited to quantify dynamic aspects of emotional self-regulation when stimulated (Porges,
2007; Thayer & Lane, 2000).

Various indices of HRV predict cardiovascular mortality (Schmidt et al., 2005; Stein et al.,
2006), children's health, resiliency, and social competence (Doussard-Roosevelt, Porges,
Scanlon, Alemi, & Scanlon, 1997; El-Sheikh, Harger, & Whitson, 2001; Katz & Gottman,
1995, 1997), and the use of active coping skills in adults (Fabes & Eisenberg, 1997; O'Connor,
Allen, & Kaszniak, 2002). HRV indices have also demonstrated utility in the study of emotional
regulation (Appelhans & Luecken, 2006; Berntson et al., 1997) in disorders such as depression
(Nahshoni et al., 2004), anxiety (Dishman et al., 2000; Thayer, Friedman, & Borkovec,
1996), panic disorder (Cohen et al., 2000; Friedman & Thayer, 1998), and chronic heavy
alcohol use (Thayer, Hall, Sollers, & Fischer, 2006). HRV has most often been operationalized
in terms of characteristic background levels of ANS function (i.e., baseline HRV measured at
rest), which are subject to suppression by acute and chronic stressors in healthy adults (Giardino
et al., 2000), and by both acute (Bennett et al., 2001; Koskinen, Virolainen, & Kupari, 1994;
Reed, Porges, & Newlin, 1999; Rossinen et al., 1997) and chronic (DePetrillo, White, & Liu,
Hommer, & Goldman, 1999; Ingjaldsson, Laberg, & Thayer, 2003; Murata et al., 1994;
Yokoyama et al., 1991) alcohol consumption.

These strong predictive links between background levels of HRV and physical and emotional
health may reflect the cumulative outcomes of individual differences in arousal and modulation
of arousal in response to environmental challenges as they occur in real-time (Appelhans &
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Luecken, 2006; Berntson et al., 1997). The only alcohol administration study of which we are
aware that actually examined real-time changes in HRV in response to visual cues found that
alcohol suppressed reactivity to cocaine cues in nine cocaine abusing men (Reed et al.,
1999).

The Present Study
The current study examined alcohol and placebo effects on real-time changes in HRV in
response to provocative visual cues as a method for evaluating how men and women modulate
their arousal when they are stimulated with environmental cues. Based on the results of our
previous comparative evaluation of multiple HRV indices using a subset of the data from the
current study (HRV responses to emotionally valenced cues only, Vaschillo et al., 2008), a
0.1-Hz HRV index was selected as a sensitive measure of ANS regulation. Resonance effects
maximize the amplitude of 0.1-Hz oscillations when the cardiovascular system is stimulated
at this frequency (Vaschillo, Lehrer, Rishe, & Konstantinov, 2002; Vaschillo, Vaschillo, &
Lehrer, 2006). In Vaschillo et al. (2008), we introduced a novel methodology of stimulating
the cardiovascular system at its resonance frequency (0.1 Hz, i.e., one cue every 10 s), a
distinctive feature of a 0.1-Hz HRV index, and quantitatively evaluated the relative sensitivity
of the new 0.1-Hz HRV index, compared to several other traditional HRV indices, to negative,
positive, and neutral picture cues. While all the evaluated HRV indices were sensitive to alcohol
effects, the 0.1-Hz HRV index was found to be sensitive to placebo challenge, while other
HRV indices were not, and sensitive to the valence of the emotional picture cues. Convergent
evidence suggests that the 0.1-Hz HRV index evaluates both moment-to-moment ANS reaction
to various external interventions (Nickel & Nachreiner, 2003), as well as activation of the
baroreflex (Cevese, Gulli, Polati, Gotti, & Grasso, 2001), a reflex that modulates level of
arousal.

In the present study, we used the 0.1-Hz HRV index to determine whether arousal in response
to emotionally positive, negative, and neutral picture cues, and alcohol-related picture cues
differ for men and women following alcohol administration, and compared
psychophysiological arousal to subjective self-reports of arousal in response to the four
stimulus cue types. We hypothesized that alcohol would reduce the 0.1-Hz HRV index of ANS
reactivity to alcohol-related as well as emotionally-valenced cues. Men were predicted to show
more dampening in the 0.1-Hz HRV index of autonomic nervous system reactivity to negative
emotional stimuli during acute alcohol intoxication than would women, based on the self-report
literature (Frone et al., 1994; San Jose et al., 2000). Examination of gender differences in
response to positive emotional and alcohol-related cues was exploratory. Finally, we expected
that the 0.1-Hz HRV index, relative to self-reports of arousal, would better model the
relationships between arousal, exposure to alcohol, and stimuli among men and women than
would self-report level of arousal, due in part to lower levels of errors in measurement relative
to self-report measures.

Method
Participants

Participants were 20 men and 16 women, between 21 to 24 years of age, who were recruited
through advertisements for social drinkers posted on bulletin boards and in university and
community newspapers. Interested individuals called the lab for details about the study, and if
interested, provided oral consent to complete a standardized telephone screening interview
(Ray, Bates, & Bly, 2004; Tracy & Bates, 1999) to initially determine study eligibility. Based
on the screening questions and a more in-depth laboratory assessment, individuals were
excluded if positive for a history of psychiatric or neurological disorder or treatment; alcohol
dependence; history of any substance abuse treatment; lifetime diagnosis of any substance use

Udo et al. Page 4

Psychol Addict Behav. Author manuscript; available in PMC 2010 October 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



disorder on the part of the prospective participant's biological mother (to rule out prenatal
exposure effects); medical conditions that preclude alcohol administration or confound
interpretation of HRV (e.g., diabetes, heart disease, abnormal HR pattern); 20% over- and
under-weight from the ideal for age and gender; and for women, pregnancy determined via
urinalysis. In addition, individuals who reported weekly use of other illicit or prescribed drugs
were not eligible for the study. Few participants reported use of any drugs other than marijuana
(n = 10) in the past 30 days. Eleven individuals reported use of cigarettes in the past 30 days
with four reporting regular use. To avoid exposure of participants to an alcohol dose
substantially greater than their routine consumption levels in the natural environment, we also
excluded men who didn't consume at least four standard alcohol drinks per occasion, and
women who didn't consume at least three standard drinks per occasion, at least twice per month
in the past year.

The majority of the participants were non-Hispanic White (61%); 22% were Asian, 6% were
Hispanic White, and the remaining were African American and other (11%). Although we
recruited in the university and surrounding communities, participants meeting the study
inclusion criteria were all college students, with 14.6 years of education on average (SD = 1.2).
The mean age was 21.8 years (SD = 0.98) and majority of the participants (85.7%) reported a
family income of more than $41,000.

Measures and Procedures
Stimuli—The picture cue exposure tasks included four categories of picture cue blocks that
are the focus of the present study: negative emotional, positive emotional, neutral, and alcohol-
related as well as two exploratory picture cue blocks that were not included in the present study
(marijuana and polydrug). There were 15 pictures per each picture cue type. Emotional pictures
were selected from the International Affective Picture System (IAPS; Lang, Bradley, &
Cuthbert, 2001); negative and positive pictures were matched on standardized ratings of
arousal, but varied in valence. Alcohol-related picture stimuli were from the Normative
Appetitive Picture System (NAPS; Stritzke, Breiner, Curtin, & Lang, 2004), as well as from
Tapert et al. (2003), with additional alcohol-related pictures developed in our lab.

Procedures—Eligible participants were stratified by gender and then randomly assigned to
an alcohol, placebo, or no alcohol control group (n = 12 per each group). Participants were
asked to eat a light low-fat meal (e.g., cereal, oatmeal) 3 hrs prior to reporting to the lab, and
to refrain from drinking alcohol or taking any drugs for 24 hrs before the session (except
cigarettes and caffeine to avoid withdrawal symptoms during the experimental session). The
session was scheduled during weekdays (i.e., Mondays through Fridays), and began between
10 a.m. and 2 p.m. to minimize biological circadian variations in alcohol metabolism and
behavioral effects. All participants provided written informed consent and were compensated
$10.00 per hr with a maximum of $50.00 for time spent in the lab, which included the time to
return to a BAC of zero for the alcohol group. After providing consent, participants completed
a series of questionnaires, including a brief version of the Profile of Mood States (POMS;
McNair, Lorr, & Droppleman, 1992), which asked “how they feel right now,” and standardized
Alcohol and Drug Use Questionnaires (Rutgers Health and Human Development Project;
Pandina, Labouvie, & White, 1984). Then, the participants moved to the testing room. After
the sensors for physiological recording were attached, the participant was seated in a
comfortable chair located 2.5 m in front of a TV screen in a sound-attenuated, dimly-lit room.
Before beverage administration, participants performed a standardized low-demand task, the
“plain vanilla task” (Jennings, Kamarck, Stewart, Eddy, & Johnson, 1992) for 5 min to equate
mental load across individuals. During this task, the participants sequentially viewed colored
rectangles on a computer screen and silently counted the number of blue rectangles.
Physiological reactivity during this period served as a pre-drinking baseline.
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Alcohol doses to achieve a target blood alcohol concentration (BAC) of 90 mg/dl were
calculated based on weight (0.90 ml/kg for men, 0.75ml/kg for women), and mixed with an
orange juice mixer in a ratio of 4 parts mixer to 1 part ethanol. The beverage was divided into
3 equal drinks, and each drink was consumed during a consecutive 5-min interval. All
participants consumed 3 volume-controlled drinks that were 100% mixer (told no alcohol and
received no alcohol = control), mixer with 100μl ethanol float per each cup and other olfactory
cues (told alcohol and received no alcohol = placebo), or mixer plus 95% ethanol dose. When
a BAC of ∼60 mg/dl was reached on the ascending limb of the BAC curve (or after 10 min in
placebo and control sessions), participants again performed the plain vanilla task, followed by
picture cue presentation. Each participant individually completed one session, including a
picture cue exposure phase (the focus of the current study), followed by a picture memory
phase, as a part of another study. The entire experimental session lasted approximately 3 1/2
hrs. Participants in the alcohol condition remained in the laboratory until their BAC reached
zero.

Picture presentation and arousal ratings—Each picture cue type was presented in a
blocked manner. The blocks were presented in counterbalanced order following the 24 patterns
of block orders generated using SAS Proc Plan (SAS Institute, 2000-2006). In each of the six
blocks, a set of 15 pictures per block was presented twice for a total of 30 pictures per block.
The order of picture presentation was randomized within each of six sets. Each picture was
presented for 5 s with a 5 s inter-picture interval, resulting in a 0.1-Hz frequency of picture
presentation. Each block lasted for 5 min with a 30 s inter-block interval. Using the Self-
Assessment Manikin (SAM; Lang et al., 2001), participants verbally provided a liking (not
used in this study) or an arousal rating during the 5 s picture-off interval, with the order of
ratings counterbalanced across sets within blocks. Their verbal responses were coded and
averaged across 15 picture cues per each of six picture cue blocks. Participants were instructed
to rate each picture on a scale of 1 = calm or relaxed to 9 = excited, jittery, or awake for arousal
ratings.

Physiological record—Electrocardiogram (ECG) activity was recorded during the pre-
drinking baseline and presentation of six picture blocks. The ECG record was collected with
a sampling rate of 1,000 per second by a Powerlab Acquisition system (ADInstruments,
Colorado Springs, CO). Ag-AgCl ECG electrodes were placed on the right arm (active), left
arm (ground), and left leg (active). Recorded data were exported to a WinCPRS software
program (Absolute Aliens Oy, Turku, Finland) for analyses. The program measured beat-to-
beat RR intervals (RRI) of ECG, segmented succession of RRI into 5-min blocks, and
calculated RRI spectra through Fourier analysis (Cooke et al., 1999; Taylor, Carr, Myers, &
Eckberg, 1998). The 0.1-Hz HRV index was calculated as the power of the RRI spectrum at
0.1-Hz for the pre-drinking baseline and each picture block. Prior to analysis, the 0.1-Hz HRV
index scores were transformed using the natural logarithm.

Statistical analysis—Within-individual change scores were calculated by subtracting
baseline (pre-drinking) 0.1-Hz HRV index scores from 0.1-Hz HRV index scores for each of
four stimulus cue types to adjust for individual differences in HRV at baseline. Analysis of
variance (ANOVA) and chi-square tests were used to examine whether gender differences
existed in potential confounding variables, including age, pre-test POMS score, the 0.1-Hz
HRV index at baseline, and alcohol and other drug use. For the main analysis, a repeated
measures ANOVA was used to examine two between-subject main effects of group and gender,
an interaction effect between group and gender on changes (from baseline) in the 0.1-Hz HRV
index in response to four picture cue types (within-subject effects), and three between-subject
by within-subject interaction effects (group × picture cue type, gender × picture cue type, and
group × gender × picture cue type). Arousal ratings were also analyzed using the same analytic
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approach. Finally, correspondence between the 0.1-Hz HRV index and subjective self-report
ratings of arousal was examined by Pearson's correlation analysis.

Results
Participant Characteristics across Men and Women

We initially examined whether men and women were equivalent in the 0.1-Hz HRV index at
baseline as well as other individual characteristics, including age, alcohol use, and BAC levels
(see Table 1). There were no significant gender differences in the 0.1-Hz HRV index at
baseline. Men reported consuming significantly more standardized drinks per occasion in past
30 days than did women. This was expected due to the different study inclusion criteria for
men and women based on typical quantity of alcohol consumed (see also the Participants
section). There were no other significant gender differences.

Physiological Response to Emotional and Alcohol-related Stimuli
Repeated measures ANOVA (the sphericity assumption was met, Mauchly's criterion = .73,
Chi-square = 8.88, with df = 5, ns) results revealed an interaction effect between group and
gender on the 0.1 Hz-HRV index, F(2, 30) = 5.03, p < .05, partial η2 = .25 (see Figure 1). Men
showed significantly less increase in the 0.1-Hz HRV index following alcohol challenge than
did women. The main effect of gender was not significant, F(1, 30) = 2.20, p = .14, partial
η2= .07, and the main effect of group was significant at the level of a trend, F(2, 30) = 2.90,
p = .07, partial η2 = .16. The alcohol and placebo groups (men and women combined) tended
to show lower levels of HRV responses, compared to the control group (p = .07). The alcohol
and placebo groups did not differ from each other (p = .69). Among the within-subject effects,
only the main effect of picture cue type was significant, F(3, 90) = 6.85, p <.05, partial η2 = .
19. Significantly higher levels of HRV responses were observed for negative and positive
picture cues but not alcohol-related cues, compared to those for neutral picture cues. All within-
subject by between-subject interaction effects were not significant, including the interaction
effect between group, gender, and picture cue type. This indicated that the dampened 0.1-Hz
HRV response by men in the alcohol group was consistent across different picture cue types.
1

Subjective Ratings of Arousal
Participants rated their subjective perceptions of arousal to the different cue types in the same
order of magnitude as obtained for their physiological responses. The absolute mean of the
0.1-Hz HRV index, without subtraction of baseline, was greatest in response to negative
emotional cues (mean = 10.41, SD = 1.08), followed by positive (mean = 10.17, SD = 1.06),
alcohol (mean = 9.97, SD = 1.11), and neutral (mean = 9.72, SD = 0.88). In parallel, participants
subjectively rated negative emotional cues as most arousing (mean = 5.59, SD = 1.83), followed
by positive (mean = 5.04, SD = 1.59), alcohol (mean = 3.91, SD = 1.66), and neutral (mean =
2.40, SD = 1.21) cues. To account for potential response biases due to rater (e.g., raters' leniency
biases or social desirability biases; see Podsakoff, MacKenzie, Lee, & Podsakoff, 2003 for a
review), the average self-report rating of arousal in response to the neutral picture cue block
(arousal ratings were not assessed during baseline) was subtracted from average negative,
positive, and alcohol picture cue block ratings. Repeated measures ANOVA results indicated
a statistically significant main effect of picture cue type, F(2, 60) = 30.38, p < .05, partial η2

= 0.40, but no other effects.2 The negative picture cues were rated significantly greater in

1The within-subject by between-subject interaction effects between picture cue type and group, between picture cue type and gender,
and between picture cue type, group, and gender were statistically non-significant, F(6, 90) = 1.22, ns, partial η2 = 0.08; F(3, 90) = 0.72,
ns, partial η2 = 0.02; and F(6, 90) = 0.57, ns, partial η2 = 0.04, respectively.
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arousal than the positive and alcohol picture cues, and the positive picture cues were rated
significantly greater than the alcohol picture cues.

Overall the correspondence between subjective ratings and the 0.1-Hz HRV index was rather
weak and inconsistent as shown by Pearson's correlations between the 0.1-Hz HRV change
scores and both raw subjective arousal ratings (i.e., without subtracting neutral), and change
in subjective rating scores (see Table 2). Thus, the link between subjective arousal ratings and
physiological responses may be influenced by factors other than stimulus cue properties.

Discussion
The present study had two main findings. First, we found that alcohol intoxication significantly
dampened emotional arousal in men, compared with women. To our knowledge, this is the
first study to use an index of HRV to demonstrate differential ANS arousal response in men
and women following alcohol consumption. Second, this dampening effect of alcohol on the
0.1-Hz index of arousal modulation in men was not selective to picture cues with negative
emotional valence, suggesting that alcohol depressed the arousal rather than the valence
component of emotional response. This finding corresponds with Strizke et al. (1995), who
found attenuated skin conductance response to both negative and positive picture cues in a
combined sample of men and women. The present study further showed the effects of alcohol
on general arousal by showing dampened reactivity to alcohol, neutral, and positive cues.
Suppressed alcohol cue reactivity by alcohol in men is consistent with Reed and
colleagues' (1999) finding that acute alcohol intoxication suppressed increases in RSA during
cocaine cue exposure in male cocaine abusers. Future research is needed to determine the
generality of alcohol's dampening of men's arousal response to emotional challenges other than
picture cues, as well as to other ANS regulatory mechanisms involving sympathetic and
parasympathetic components. It may be speculated that, at least with respect to the 0.1-Hz
HRV index, alcohol decreased men's general preparatory arousal, rather than interfering with
specific arousal for a particular behavior that would be needed to respond to stressful or
unpleasant environmental cues.

Several potential explanations for men's differential response to alcohol were examined.
Differences between men and women were not likely due to differences in mood, as the pre-
test POMS scores indicated that across beverage conditions, women and men were not
significantly different in mood state. It is also unlikely that the arousal dampening effects of
alcohol in men were due to gender differences in overall HRV, as men and women did not
differ in the 0.1-Hz HRV index at baseline. Previous studies of young adults' background levels
of HRV have reported equivocal gender differences across various HRV indices. Some studies
reported women exhibit greater vagally-mediated HRV, compared to men (Evans et al.,
2001; Rossy & Thayer, 1998), while others found the opposite (Umetani, Singer, McCraty, &
Atkinson, 1998).

Placebo groups are traditionally used to differentiate the cognitive influence of alcohol outcome
expectancies from the acute pharmacological effects of alcohol (Martin & Sayette, 1993). Our
previous study (Vaschillo et al., 2008) showed that in the combined sample of men and women,
the 0.1-Hz HRV responses by the placebo group were not distinguishable from those of the
alcohol group, but different from those of the control group. The present study additionally
included 0.1-Hz HRV responses to alcohol-related cues and beverage group by gender

2The within-subject by between-subject interaction effects between picture cue type and group, between picture cue type and gender,
and between picture cue type, group, and gender were statistically non-significant, F(4, 60) = 1.36, ns, partial η2 = 0.08; F(2, 60) = 2.67,
ns, partial η2 = 0.08; and F(4, 60) = 0.90, ns, partial η2 = 0.06, respectively. All between-subject effects (group, gender, and group ×
gender effects) were not statistically significant, F(2, 30) = 1.37, ns, partial η2 = 0.08; F(1, 30) = 2.23, ns, partial η2 = 0.07; and F(2, 30)
= 0.12, ns, partial η2 = 0.01, respectively.
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interaction effects in the model. In this context, the group main effect was at the level of trend.
Thus, we speculate that a cognitively mediated reduction of HRV by alcohol likely exists in
the combined sample of men and women. Together with the observed gender-specific
dampening effects of alcohol, this pattern of cognitively mediated effects suggests that women
may expect alcohol to suppress arousal in much the same way as men do, yet they do not appear
to experience the same pharmacological effects of alcohol on the ANS reactivity as did men.
The 0.1-Hz HRV index captures a fundamental component of ANS reactivity and modulation,
yet does not differentiate sympathetic and parasympathetic nervous system activation and other
ANS mechanisms involved in differentiated emotional response. Therefore, it is possible that
women experience pharmacological dampening effects of alcohol on other aspects of ANS
regulation. Disentangling the potential mechanism of differential effects of alcohol and placebo
in women is beyond the scope of current study and requires further research with larger
samples.

A gender-by-group interaction effect on self-reported levels of arousal to the picture cues was
not found, suggesting that self-reports do not provide a sensitive indicant of alcohol's selective
suppression of 0.1-Hz HRV arousal in men. Further, there were weak and inconsistent
correlations between the 0.1-Hz HRV index and the subjective ratings. Weak correlations may
conceivably be related to the difference in the base values used to calculate change scores
between the 0.1-Hz HRV index (pre-drinking baseline) and the subjective ratings of arousal
(post-drinking response to neutral pictures). Nonetheless, it is not uncommon to find modest
coherence between physiological measures and subjective reports of mood or emotion, perhaps
due to factors such as the nature and intensity of the emotional experience (Mauss, Levenson,
McCarter, Wilhelm, & Gross, 2005) and individual differences in interoceptive awareness (i.e.,
sensitivity to visceral activity; Pollatos, Herbert, Matthias, & Schandry, 2007).

Several limitations of this study needed to be considered when interpreting the results. First,
the modest sample size limited statistical power for identifying group effects. Second, the
current findings may not generalize to populations other than young adult social drinkers.
Restrictions in the range of age and alcohol use behaviors may have attenuated the true
magnitude of association and limited variability in HRV responses to alcohol-related picture
cues. Finally, across human and animal studies involving alcohol administration, females are
often excluded due to difficulties with controlling potential confounds. For example, it has
been suggested that alcohol pharmacokinetics in women may fluctuate with the menstrual cycle
potentially due to changing sex steroid hormone levels, although the literature is equivocal
(e.g., Cole-Harding & Wilson, 1987; Jones & Jones, 1984; Lammers, Mainzer, & Breteler,
1995; Sutker, Goist, & King, 1987). Further study is needed to examine alcohol effects on
psychophysiological reactivity of women at different phases of the menstrual cycle, as this was
not assessed in the present study.

Despite these limitations, the results point to the likelihood of potentially meaningful gender
differences in alcohol effects on the modulation of arousal with men, but not women,
experiencing dysregulated emotional preparatory response to stimulus cues during acute
intoxication. More broadly, the present study demonstrates that a specific emotional regulatory
process involving moment-to-moment ANS reactivity and modulation can be objectively
quantified when prefrontal function is intact or compromised by alcohol challenge. This basic
behavioral approach to assessing ANS participation in emotional experience in real time
presents a new opportunity for treatment research for at least two reasons. First, HRV as a
background capacity measure of self-regulation as typically studied may be helpful for
identifying those at risk for various physical and emotional health conditions. As a potential
screening tool, however, HRV indices taken at rest (without stimulation) cast a very wide net.
In contrast, it may be possible to screen those with atypical self-regulation of emotional arousal
with respect to salient environmental cues from those with poor general health conditions,

Udo et al. Page 9

Psychol Addict Behav. Author manuscript; available in PMC 2010 October 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



using a real-time HRV assessment approach. Second, stimulating the cardiovascular system at
its resonance frequency via paced breathing has been used to improve ANS regulation in several
clinical groups that share difficulties in modulating arousal (Hassett et al., 2007; Karavidas et
al., 2007; Lehrer et al., 2003, 2004). Paced breathing, or perhaps the related HRV approach
used in this study, involving resonance frequency stimulation with visual cues, may potentially
be useful to improve self-regulation among those at risk or in treatment for substance use
disorders. Unlike stationary HRV measured at rest, the HRV paradigm used here has the
potential to be manipulated and adapted as a behavioral method to exercise activation of
baroreflex, a reflex involved in maintenance of homeostasis, which in turn improves emotional
self-regulation through enhancing autonomic modulatory flexibility.
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Figure 1.
Means and 95% confidence intervals for 0.1-Hz HRV responses to emotional and alcohol-
related picture cues. NG = Emotional Negative, PS = Emotional Positive, NT = Emotional
Neutral, AL = Alcohol-related. The horizontal x-axis line at y = 0 indicates the reference line
for no within-person change in 0.1 Hz HRV. The 0.1-Hz HRV index response score above y
= 0 indicates increased response to the picture cues from baseline. The 0.1-Hz HRV index
score below y = 0 indicates decreased response to the picture cues from baseline.
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Table 1
Participant Characteristics: Age, Alcohol Use, and Pre-test POMS score

Women
(n = 16)

Men
(n = 20)

t Statistics

Age 21.6 (.96) 22.0 (1.00) t (34) = -0.99

0.1-Hz HRV index (baseline) 8.87 (1.14) 9.24 (1.08) t (34) = -1.00

Alcohol use (past 30 days)

 Quantity (per occasion)1 2.4 (1.5) 5.3 (3.1) t (28.3) = -3.66 a

 Frequency (per week) 1.6 (1.6) 2.6 (1.8) t (34) = -1.73

POMS (pre-test) .094 (7.28) -1.00 (7.33) t (34) = 0.79

BAC (alcohol condition – pre-test) .074 (.013) .079 (.034) t (34) = -0.31

BAC (alcohol condition – post-test) .064 (.008) .054 (.011) t (34) = 1.74

Notes.

Numbers in parentheses indicate standard deviations.

1
Average number of standard drinks per occasion; POMS = Profile of Mood States (McNair et al., 1992); BAC = Blood Alcohol Concentration;

a
Statistically significant differences between genders (p < .05).

Psychol Addict Behav. Author manuscript; available in PMC 2010 October 26.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Udo et al. Page 17

Table 2
Zero-Order Correlation between the 0.1-Hz HRV Index and Subjective Ratings of Arousals
(N = 36)

Negative Positive Alcohol Neutral

Alcohol
(n = 12)

.15
(.19)

-.24
(-.03)

-.30
(-.46)

.07
(N/A)

Control
(n = 12)

-.31
(-.34)

-.23
(-.29)

.19
(-.18)

.16
(N/A)

Placebo
(n = 12)

-.19
(-.11)

.33
(.35)

.08
(-.07)

-.01
(N/A)

Notes. Upper numbers indicate correlations between the 0.1-Hz HRV change scores (baseline 0.1-Hz HRV subtracted) and original scores (i.e., without
subtracting average ratings for neutral picture cues) of subjective ratings of arousals. Lower numbers in parentheses indicate correlations between the
0.1-Hz HRV change scores (baseline 0.1-Hz HRV subtracted) and change scores for the subjective ratings of arousal after subtracting ratings for
neutral picture cues. All correlations were statistically non-significant at p < .05.
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