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Abstract

The present study examined the acute effect of alcohol and its cues on autonomic and
cardiovascular physiology, as indexed by changes in heart rate (HR), in a relatively large sample of
healthy young adult men and women. Participants (27-31 years old, final n=145) were
administered an alcoholic beverage (88 total, 52 women) or a placebo beverage (57 total, 35
women) in a simulated bar. Target breath alcohol concentration (BrAC) was .08 g%. HR was
recorded while participants were seated alone during an initial baseline assessment in a lab room;
seated with others during preparation and administration of two beverages in a simulated bar; and
seated alone in the lab room at ascending, peak, and descending BrAC. HR increased over time for
participants in both beverage groups during beverage preparation. During beverage consumption,
HR decreased over time in those who drank placebo whereas HR increased over time in those who
drank alcohol, increasing at a faster rate in women compared to men. HR remained elevated at the
ascending, peak, and descending limb assessments only in participants who drank alcohol with HR
increasing over time at ascending BrAC in the women but not men. Sex differences in HR under
alcohol were not explained by sex differences in body mass index, BrAC, recent alcohol use, or
subjective stimulation. Our findings suggest that women may be more sensitive to alcohol-induced
increases in HR, especially in environments where alcohol cues are abundant. This may have
implications for cardiovascular risks associated with alcohol.
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Cardiovascular health risks! associated with chronic alcohol use reported in epidemiological
studies (Griswold et al., 2018; Ronksley, Brien, Turner, Mukamal, & Ghali, 2011; Wood et
al., 2018) are believed to develop as a function of repeated exposure to the acute effects of
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alcohol ingestion on cardiovascular physiology. Acute consumption of alcohol at doses that
produce peak blood alcohol concentration (BAC) = 0.060 g% can decrease blood pressure,
dilate arteries, decrease short- and long-term heart rate variability, increase heart rate (HR),
increase cardiac output, and increase peripheral sympathetic nervous system outflow in
healthy people tested under highly-controlled laboratory conditions (Bau, Bau, Naujorks, &
Rosito, 2005; Bau et al., 2011; Brunelle & Pihl, 2007; Buckman et al., 2015; King, Houle,
De Wit, Holdstock, & Schuster, 2002; Mayo & de Wit, 2016; Sher, Bartholow, Peuser,
Erickson, & Wood, 2007; Spaak et al., 2008, 2010; Vaschillo et al., 2008). Nevertheless, the
acute effects of alcohol on cardiovascular physiology in the natural environment may differ
from those observed in the laboratory, at least in part due to the presence of alcohol-
associated cues.

Like alcohol, acute exposure to alcohol-associated cues can affect cardiovascular
physiology. In fact, discrete cues (e.g., beverage sight, smell, and taste cues) and contextual
cues (e.g., place, time, and social cues) can have different acute effects. Specifically, discrete
cues can increase HR whereas contextual cues can decrease HR (Dafters & Anderson, 1982;
Macfarlane & White, 1989; McCaul, Turkkan, & Stitzer, 1989b, 1989a; Newlin, 1985, 1986;
Shapiro & Nathan, 1986; Staiger & White, 1988, 1991). Moreover, discrete and contextual
alcohol-associated cues have been shown to moderate the acute effects of alcohol in healthy
people tested under highly-controlled laboratory conditions (McKay & Schare, 1999).

Characterizing the acute effects of alcohol and its cues on heart rate is critical for
understanding the link between acute and chronic effects of alcohol use on cardiovascular
health. Yet, much of the evidence for acute autonomic or cardiovascular effects of alcohol
ingestion or alcohol cues is drawn from studies using either small or exclusively male
samples. To address these issues, the present study characterized the acute effect of alcohol
and its cues on autonomic and cardiovascular physiology, as indexed by changes in HR, in a
relatively large sample of healthy, young adult men and women. The study represents
primary analysis of HR data collected during a between-subjects, placebo-controlled
alcoholic beverage administration experiment. This design is appropriate for the purpose of
our study, as the expectation of receiving alcohol (both Told Alcohol/Get Alcohol and Told
Alcohol/Get Placebo) is important for explaining individual differences in the acute effects
of alcohol (Martin & Sayette, 1993).

In the current study, HR was measured while groups of participants watched beverages being
prepared and while they consumed those beverages in a simulated bar room. HR also was
measured while each participant was alone in a standard laboratory testing room before and
after beverage administration. Thus, HR was monitored before, during, and after acute
exposure to discrete and contextual cues with and without acute exposure to alcohol. This
allowed each participant to serve as his or her own control for changes in HR under different
contextual conditions. In addition, the acute effects of alcohol on HR are positively related to
the stimulant-like, positive mood-inducing subjective effects of alcohol (Brunelle, Barrett, &

IThe potential health benefits of chronic light to moderate drinking relative to abstention detected in epidemiological studies represent
a highly controversial and hotly debated finding. There is good reason to believe that these potential health benefits are either
artifactual or overestimated (Fillmore, Kerr, Stockwell, Chikritzhs, & Bostrom, 2006; Stockwell et al., 2016).
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Pihl, 2007; Conrod et al., 2001; King et al., 2002; Ray, McGeary, Marshall, & Hutchison,
2006), which can be amplified by social drinking contexts (for review, see: de Wit &
Sayette, 2018) and specific factors such as the number and sex of drinking partners (e.g.,
Fairbairn et al., 2015; Sayette et al., 2012). Consequently, subjective feelings of stimulation
were also assessed to determine whether these might contribute to changes in HR. Finally,
given an emerging literature on biological sex differences in the acute effects of alcohol and
its cues on other indices of autonomic and cardiovascular physiology (Bates et al., 2011;
Chaplin, Hong, Bergquist, & Sinha, 2008; Hartwell & Ray, 2013; Kaplan et al., 1985;
Rubonis et al., 1994; Udo et al., 2009), the present study also examined the role of biological
sex as a factor in the acute effects of alcohol and its cues on HR.

Participants

Materials

We re-recruited participants from a previous 6-year longitudinal study of changes in alcohol
use and other behavioral risks among first-time college students (for more information, see:
Fromme, Corbin, & Kruse, 2008). These former longitudinal participants were asked to
provide salivary samples for DNA analysis in a study of the genetic determinants of drinking
patterns and other behavioral risks. Those who provided salivary samples by May 2017 were
invited to participate in a laboratory study on the effects of alcohol. Exclusion criteria
included scoring > 16 on the Alcohol Use Disorder Identification Test (AUDIT) (Saunders,
Aasland, Babor, De La Fuente, & Grant, 1993) to screen out individuals with possible
undiagnosed alcohol dependence at the time of the laboratory study, having any medical or
other contraindications to alcohol, including certain medications, and for women, pregnancy,
nursing, or attempting to become pregnant. Alcohol use over the 30 days prior to the study
session was assessed using a modified Time-Line Follow-Back (TLFB) (Sobell & Sobell,
1992).

Of 182 individuals who provided informed consent and participated in the laboratory study,
61 were randomly assigned to the placebo beverage group, and 121 were assigned to the
alcohol beverage group. With a primary focus on the pharmacological effects of alcohol, a
disproportionate number of participants were assigned to the alcohol beverage group. One
individual in the alcohol group became nauseous and was unable to complete the study,
reducing the sample size for this group to 120, and the overall laboratory study sample size
to 181. Raw HR data from 33 of these participants were lost due to data storage system
failures. Of the remaining 148 raw HR data records, 3 were excluded because they did not
contain baseline HR data. Thus, the final sample for the present analyses consisted of 145
participants: 88 in the alcohol group (52 women) and 57 in the placebo group (35 women).
Table 1 shows their basic biological and sociodemographic characteristics. Table 2 shows
their AUDIT scores and recent alcohol use behavior.

Breath alcohol concentration (BrAC) measurement.—BrAC readings were taken
every 10 min after beverage consumption and absorption using Alco-Sensor IV
breathalyzers (Intoximeters, Inc.; St. Louis, Missouri, USA). For the present study, we
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obtained each participant’s first post-absorption BrAC reading as well as their reading
immediately preceding planned assessment of various constructs on the ascending limb,
peak, and descending limb of the BrAC timecourse.

HR measurement.—HR was measured in beats per minute (bpm) using Polar RS800CX
HR monitors (Polar Electro Inc., Bethpage, NY). Participants were shown how to attach the
HR monitor chest strap to their bodies, and then allowed to do so in private. They were also
asked to wear the wristwatch that controlled the HR monitor, but the wristwatch was
operated by the research assistants (RA) at various points through the study to start and stop
HR monitoring.

Each time HR was assessed in the standard lab room, the RA started a slideshow of nature
scenes on the computer monitor and started the HR monitor before leaving the room. During
this time, participants passively observed the slideshow while seated alone in their testing
rooms. RASs returned after 5 min to stop the HR monitor. Data before minute mark 1:00
contained the clear rise and fall of the cardiac orienting response. HR data from minute mark
1:00 until 5:00 (4 min total) in each recording period were aggregated to obtain 4 average
HR measurements (1 minute each) within each assessment (baseline, ascending, peak,
descending) for each participant.

To assess HR during the dosing phase, RAs started the HR monitors immediately before
opening the door to the simulated bar room and stopped the HR monitor 30 min later, upon
conclusion of beverage consumption. During the first 10 min of the dosing phase,
participants entered the bar, took their seats, listened to the bartender RA deliver
instructions, and observed preparation of the first purportedly alcoholic beverages. During
the next 10 min, participants consumed their first beverage and observed the second
beverage being prepared. Participants consumed the second beverage during the third 10
min. Data before minute mark 2:00 were characterized by the rise and fall of a large, clearly
movement-related artifact. HR data from minute mark 2:00 until 30:00 (28 min total) were
aggregated to obtain 28 average HR measurements (1 minute each) across the dosing phase
in the bar room for each participant.

Placebo manipulation check.—At the beginning of the planned assessment on the
ascending limb of the BrAC curve, participants responded to the following item: “Research
experiments do not always use the same standard servings as those typically used at bars,
restaurants, or parties. Please estimate the number of standard alcoholic drinks you were
served during this experiment. One standard drink was defined as 1.5 ounces of liquor in a
mixed drink.

Subjective stimulation measurement.—Participants completed the 14-item Subjective
Effects of Alcohol Scale (SEAS; Morean, Corbin, & Treat, 2013) at the baseline, ascending,
peak, and descending assessments. Since alcohol-induced increases in HR appear to be
linked to the positive stimulant-like subjective effects of alcohol (e.g., Conrod, Peterson, &
Pihl, 2001), the High Arousal Positive Valence subscale of the SEAS was scored to capture
changes in subjective stimulation across the experiment.2 The subscale consists of 4 items
(“lively”; “fun”; “funny”; “talkative™). Participants rated the extent to which they were
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currently experiencing these feelings using a Likert scale ranging from “Not at All” (0) to
“Extremely” (10). In their 2013 article, Morean, Corbin & Treat demonstrated high internal
reliability (o = .93-.94) for the High Arousal Positive Valence subscale on the ascending and
descending limbs of the BrAC timecourse as well as strong measurement invariance for the
SEAS across beverage condition (alcohol/placebo) and limbs of the BrAC timecourse. This
means that the High Arousal Positive Valence subscale scores can be expected to measure
the same underlying factor (i.e., subjective stimulation) when collected repeatedly within an
experimental session, to measure the factor equally well over the session, and to measure the
factor equally well in alcohol and placebo beverage conditions.

Participants were asked to refrain from drinking alcohol for 24 hours and from eating for at
least 4 hours before coming to the laboratory. Figure 1 depicts the timeline of laboratory
procedures. Upon arrival, participants provided informed consent and were screened for 0.00
g% BrAC. Female participants were also screened for pregnancy using standard urine hCG
tests. Next, RAs recorded the participant’s height and weight for calculation of beverage
doses. Each participant was then escorted into an individual standard laboratory testing room
with a chair and a computer station. Baseline assessments were completed, which included
HR and subjective stimulation measurement, and measures not reported here. An
individualized bodyweight-adjusted caloric snack of pretzels was provided to control
stomach contents prior to beverage administration.

Each participant attended a single double-blind laboratory session where they were
randomly assigned to an alcohol or placebo condition. None of the RAs (bartenders or
testers) were aware of the participants’ beverage condition, and a separate RA conducted the
breathalyzer tests. As shown in Figure 1, beverage preparation and consumption occurred in
a simulated bar room in a small group setting (see Dosing below for details). At different
times post-dosing, each participant was escorted into a standard laboratory testing room for
individual assessments.

Dosing.—Beverage administration took place in a simulated bar room in variable-sex-
composition groups of 3 to 5 participants randomly assigned to the same condition (alcohol
or placebo). As needed, RAs served as confederates to meet the desired minimum group size
of 3 individuals. Confederates were trained to help maintain a similarly pleasant social
milieu across sessions. Confederates always consumed placebo but underwent all
procedures.

Participants had 20 min to consume 2 drinks of equal volume containing 1 part vodka (40%
ethanol v/v)—or decarbonated tonic water as vodka placebo—and 3 parts mixer. The mixer
was 5 parts cranberry juice, 4 parts diet cherry soda, and 0.5 parts lime juice. Participants

2For completeness, we also scored and inspected the 3-item High Arousal Negative Valence subscale of the SEAS (“demanding”;
“rude”; “aggressive”), which captures negative stimulant-like subjective effects of alcohol. However, scores on this subscale were at
floor level (near 0 on a 10-point scale) across the baseline, ascending, peak, and descending assessments. For men and women in the
alcohol and placebo groups, respectively, High Arousal Negative Valence subscale score Ms (SDs) were: 0.47 (0.93), 0.39 (0.93), 0.29
(0.51), 0.28 (0.71) at baseline; 0.65 (0.77), 0.49 (0.80), 0.24 (0.51), 0.23 (0.67) at ascending; 0.72 (1.0), 0.46 (0.96), 0.10 (0.20), 0.12
(0.50) at peak; and 0.56 (1.1), 0.47 (1.3), 0.06 (0.22), 0.14 (0.49) at descending. Consequently, neither further analysis nor
consideration as a potential moderator of alcohol-induced changes in HR in the present study was warranted.
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were instructed to consume each drink at an even pace, such that they finished each drink
within 10 minutes. The bartender RA monitored consumption. Alcohol doses were
calculated based on the participants’ age, sex, weight, and height using the methods of
Curtin and Fairchild (2003) to target a peak BrAC of .08 g%.

Standard procedures were followed to enhance the effectiveness of the placebo manipulation
(Rohsenow & Marlatt, 1981). All participants were informed that they would receive
alcohol, with doses not to exceed 0.08 g%. All beverages were prepared in full view of the
participants by an RA who served as a bartender, with the vodka or decarbonated tonic
poured from re-sealed, and therefore ostensibly unopened, vodka bottles. To provide alcohol
smell and taste cues, glasses were chilled and rimmed with vodka, and a squirt of 95%
alcohol was added to the top of each beverage. Immediately prior to participants entering the
barroom for the first time, the bar countertop was wiped with tequila to provide ambient
alcohol olfactory cues. The barroom was dimly lit, with neon signs and other typical
barroom cues, and contemporary music was played. Sessions were conducted on Friday and
Saturday evenings, times during which alcohol is typically consumed by young adults (e.g.,
Lau-Barraco, Braitman, Linden-Carmichael, & Stamates, 2016; Maggs, Williams, & Lee,
2011). Prior to the first breathalyzer test following consumption, participants rinsed with
alcohol-free mouthwash to clear any remaining mouth alcohol. Participants randomized to
the alcohol condition were provided accurate BrAC feedback. Participants randomized to
placebo were provided bogus BrAC feedback (0.04-0.05 g% for ascending/descending,
0.06-0.08 g% for peak).

Ethics.—All procedures were approved by the University of Texas Institutional Review
Board and complied with American Psychological Association ethical standards and
guidelines for human alcohol administration provided by the National Institute on Alcohol
Abuse and Alcoholism.

Data Analysis Plan

Analyses, data preparation, and visualization were done in R version 3.6.0 (R Core Team,
2018) using packages car (Fox & Weisberg, 2019), emmeans (Lenth, 2019), ggplot2
(Wickham, 2009), and Ime4 (Bates, Mé&chler, Bolker, & Walker, 2015). Placebo
manipulation check data were evaluated using two independent samples t-tests. BrAC and
subjective stimulation data were evaluated using a repeated measures analysis of variance
(ANOVA). HR data were analyzed using linear mixed effect models (LMM), which is
synonymous with mixed effects linear regression (MELR), and equivalent to a multilevel
model (MLM) or hierarchical linear model (HLM) with repeated measures at level 1 and
persons at level 2. We chose LMM analysis for the HR data because we wanted to make
inferences about beverage and biological sex-related effects based on data from as many
persons as possible, despite incomplete data for some persons in some experiment phases;
traditional repeated-measures ANOVA requires listwise deletion of cases with missing data
for any phases. Compared to traditional repeated-measures ANOVA, LMM are better able to
account for the high degree of dependency among observations nested within persons,
decreasing the likelihood of spurious (false positive) statistical findings (Aarts, Verhage, &
Veenvliet, 2014). A separate LMM analysis was conducted for each experiment phase
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because HR was not monitored continuously across phases and we were interested in the
effects of beverage group and biological sex (or their interaction) within each phase.

Regardless of experiment phase, HR LMM analyses proceeded the same way. We first fit
HR as a function of Time (minute), including linear and quadratic components in the fixed
effects part of the model and a random intercept term (capturing between-subject variation in
the overall level of HR) in the random effects part of the model. Time was treated as a
pseudo-continuous variable, and centered so that the first observation served as the intercept
(time 0) for the model. Next, we tested whether more complex random effects would
improve model fit: random intercepts plus random slopes on the linear component of Time
(capturing between-subject variation in linear trend over time), random intercepts plus
random slopes on the quadratic component of Time (capturing between-subject variation in
the quadratic trend over time), and random intercepts plus random slopes on both linear and
quadratic components of Time. We tried to retain the most complex random effects structure
that would allow model convergence and improve model fit, in keeping with standard
procedure for balancing statistical power and Type | error in mixed effects regression (Barr,
Levy, Scheepers, & Tily, 2013; Matuschek, Kliegl, Vasishth, Baayen, & Bates, 2017; Page-
Gould, 2019). We evaluated change in model fit using the X2 likelihood ratio test (LRT).

Having identified the best unconditional model of HR (viz., as a function of only Time-
related fixed and random effects), we added all of our fixed effects of interest at once: the
main effects of beverage group and biological sex and their interactions, as well as
interactions with the linear and quadratic components of Time. The Group factor was
represented using a dummy coded variable (alcohol = 1). The Sex factor was also
represented using a dummy coded variable (woman = 1). For the dosing, ascending, peak,
and descending phase HR analyses, we also entered average HR across the baseline phase as
a centered continuous covariate (Baseline Resting HR) as well as its interaction with the
linear and quadratic components of Time, in order to control for between-person differences
in resting HR and the potential association between resting HR and HR change over time.
We then evaluated the contribution of each fixed effect of interest to model fit using X2 LRT,
and removed non-contributing predictors until we arrived at the best conditional model of
HR. Finally, model-estimated means (and SEs) were obtained for visualization.

Placebo check

BrAC

The estimated number of standard drinks consumed in the placebo group was significantly
greater than zero, M (SD) = 2.19 (1.16), ¢(56) = 14.32, p<.001, d= 3.83, as was the
estimated number in the alcohol group, M (SD) = 2.82 (3.32), ¢(87) = 22.60, p< .001, d=
4.84.

ANOVA detected a significant main effect of sex, ~ (1, 86) = 8.15, p=.005, np% = .087, and
a significant main effect of time, (3, 258) = 59.96, p < .001, np? = .411, but no Sex x Time
interaction, F (3, 258) = 0.377, np2 = .005. Controlling for time, BrAC was lower in women
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compared to men, #(86) = —2.85, p=.005, d=.62. Controlling for sex, BrAC increased
from the post-absorption to ascending limb reading, #(86) = 6.27, p<.001, d=1.35,
increased again from the ascending limb to peak reading, #(86) = 11.95, p<.001, d=2.58,
and decreased from the peak to descending limb reading, #(86) = —18.06, p< .001, d= 3.89.
Model-estimated means and standard errors are shown in Figure 2.

Baseline HR assessed in the standard lab room.—The best unconditional model
was one containing the linear and quadratic components of time as well as the random
intercept and both random slope terms, Fixed Effects /2 = .00, Total /2 = .98. The best
conditional model was ultimately identical to the best unconditional model. All terms
involving group and sex were dropped without loss of model fit, LRT X2 (9) = 7.37, p=.60.
Only the linear component of time, b+ SE=1.12 £+ .24, t(143) = 4.65, p< .001, and the
quadratic component of time, b+ SE=-.24 + .08, ¢(143) = -2.98, p<.001, remained in the
fixed effects part of the model. Sample means and standard errors are shown in the Baseline
phase portion of Figure 3A. Means and standard errors estimated from the best conditional
model are shown in the Baseline phase portion of Figure 3B.

HR across beverage preparation and consumption in the bar room.—The best
unconditional model was one containing the linear and quadratic components of time as well
as the random intercept and a random slope term for linear time. The best conditional model
contained the following significant interactions: Group x Sex x quadratic Time, Group x
quadratic Time, Sex x quadratic Time, Group x linear Time, and Baseline HR x linear Time.
The two models are presented in Table 3. Sample means and SEs are shown in the Dosing
phase portion of Figure 3A. Means and standard errors estimated from the best conditional
model are shown in the Dosing phase portion of Figure 3B.

The trends illustrated in Figure 3B indicated that HR increased across beverage preparation
and consumption in the bar for men and women alike in the alcohol group, but at an
apparently faster rate in women compared to men. In the placebo group, HR increased at
first (while observing beverage 1 preparation), but then decreased across the remainder of
time in the bar and at the same rate for men and women. Simple slopes analysis confirmed
these patterns. In the placebo group, the simple slope of linear time was positive (b + SE
=.384 £ .057, asymptotic z=6.71, p<.001), and the simple slope of quadratic time was
negative for both men (b + SE=-.0141 + .002, asymptotic z= 6.20, p<.001) and women
(b+ SE=-.0148 +.002, asymptotic z=-7.19, p<.001), and did not differ between them:
mean difference £ SE=.001 + .002, asymptotic z= 0.33, p=.737. In the alcohol group, the
simple slope of linear time was positive (6+ SE=.220 + .049, asymptotic z=4.47, p
<.001), and the simple slope of quadratic time was positive in women (b+ SE=.007
+.002, asymptotic 2= 4.00, p < .001), but not significantly different from zero in men (6 +
SE=.002 +.002, asymptotic z=1.00, p=.319), such that the simple slope of quadratic
time in the alcohol group was significant in women compared to men: mean difference + SE
=.005 £ .002, asymptotic z=2.93, p=.003.
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Moderator analyses.: Since there were differences between the sexes in body mass index
(Table 1) and alcohol use (Table 2), we tested the ability of those differences to moderate sex
differences in HR. Neither the BMI nor alcohol use moderation terms improved model fit,
LRT ps > .189. There were also differences in BrAC between men and women in the alcohol
group (Figure 2), which also could explain the sex-related effects on HR. In order to test for
moderation of sex-related effects on HR by initial post-dosing BrAC reading, we fita
separate set of models using only bar room HR data from the alcohol group. The best
conditional model of these data contained a significant Sex x quadratic Time interaction.
Model fit was improved by introducing the moderation effect by BrAC, LRT X2 (2) = 12.82,
p=.002. In order to understand the moderating effect of BrAC, we computed the simple
slopes of quadratic time for each sex while holding BrAC at its median (.06 g%) or 25%
above or below median (.07 and .05 g%, respectively), and tested for a difference between
the sexes in the simple slope at each level of BrAC. At 25% below median BrAC, the simple
slope of quadratic time was positive in women (6= SE=.007 £ .002, £(1131) =3.13, p
=.002) and not significantly different from zero in men (b+ SE=-.003 £ .003, £(553) =
-1.31, p=.192) such that the simple slope was significantly greater in women compared to
men: mean difference + SE=.010 +.003, #(167) = 3.85, p<.001. At the median BrAC, the
simple slope of quadratic time was positive in women (6 + SE=.008 +.002, #(1686) = 3.82,
p <.001) and not significantly different from zero in men (6 + SE=.000 £ .002, £(1058) =
0.05, p=.963) such that the simple slope was significantly greater in women compared to
men: mean difference £ SE=.008 £ .002, ¢(166) = 3.61, p< .001. At 25% above median
BrAC, the simple slope of quadratic time was positive in women (b + SE = .008+.002, ¢
(756) = 3.56, p< .001) and not significantly different from zero in men (6 + SE=.003
+.002, £(1041) = 1.49, p=.136), such that the simple slope was significantly greater in
women compared to men: mean difference £ SE=.005 + .002, #(166) = 2.10, p=.038.
Thus, at all levels of BrAC, HR accelerated faster in women than men, although the size of
this sex difference was slightly diminished at higher BrAC.

Finally, given that the number and sex of drinking partners can influence subjective
stimulation when alcohol is consumed (e.g., Fairbairn et al., 2015; Sayette et al., 2012), and
that there is a link between alcohol-induced changes in subjective stimulation and HR (e.g.,
Conrod, Peterson, & Pihl, 2001), we also tested for the ability of the number and sex of
drinking partners as well as subjective stimulation change scores (ascending — baseline) to
moderate group- and sex-related effects on HR. Moderation terms involving social factors
and subjective stimulation alike failed to improve model fit, LRT pgs > 0.152. This was also
the case when we tested sex difference-moderation effects in the alcohol group alone, LRT
s> .365.

HR at ascending assessment in the standard lab room.—The best unconditional
model was one containing the linear and quadratic components of time as well as the
random intercept and both random slope terms. The best conditional model contained a
significant Group x Sex x linear Time interaction. The two models are presented in Table 4.
Sample means and standard errors are shown in the Ascending phase portion of Figure 3A.
Means and standard errors estimated from the best conditional model are shown in the
Ascending phase portion of Figure 3B.
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It is visible in Figure 3B that HR was overall higher in the alcohol compared to placebo
group controlling for baseline HR, in keeping with the significant group beta estimate in
Table 4. The trends illustrated in Figure 3B also indicate, however, that whereas women’s
HR in the alcohol group increased over the course of the ascending limb assessment, men in
the alcohol group showed no such increase. Placebo group HR increased over the course of
the ascending limb assessment, but similarly for men and women. This was confirmed by
simple slopes analysis. In the placebo group, the simple slope of linear time was positive in
men (b+ SE=1.03 £ .36, (245) = 2.88, p=.004) and women (b + SE= .64 + .33, £(215) =
1.95, p=.053), and did not differ between them: mean difference + SE=.39 £ .30, £(141) =
1.31, p=.192. In the alcohol group, the simple slope of linear time was positive in women
(bx SE=.99 + .31, £(187) = 3.20, p=.002), but not significantly different from zero in men
(bx SE= .47 £ .32, t(212) = 1.44, p=.150), such that the simple slope was significantly
greater in women compared to men: mean difference £ SE= .52 + .24, {(141) = 2.18, p
=.031.

Moderator analyses.: As with the bar room HR data, we tested potential moderators of
group- and sex effects on HR at the ascending assessment in the standard lab room. Neither
the BMI nor alcohol use moderation terms improved fit, LRT ps > .124. Moderation terms
involving social factors and/or subjective stimulation also failed to improve fit, LRT s

> .116. We also re-analyzed ascending phase HR data from the alcohol group alone. The
best conditional model for these data contained a significant Sex x linear Time interaction,
and its fit was not improved by introducing the moderation effects of ascending BrAC, social
factors, or subjective stimulation, LRT ps > .309.

HR at peak assessment in the standard lab room.—The best unconditional model
was one containing the linear and quadratic components of Time, the random intercept term,
and a random slope term for quadratic time, Fixed Effects /2 = .00, Total /2 = .98. The best
conditional model, Fixed Effects /2 = .58, Total /2 = .98, was one containing the linear
component of time, b+ SE=.91 + .22, £(287) = 4.15, p< .001, the quadratic component of
time, b+ SE=-.14 + .07, (374) = -1.97, p=.049, the main effect of group, b+ SE=6.57
+ 1.49, £(141) = 4.40, p< .001, and the main effect of baseline resting HR, b+ SE= .76

+ .06, 7(141) = 13.26, p< .001. Sample means and standard errors are shown in the Peak
phase portion of Figure 3A. Means and standard errors estimated from the best conditional
model are shown in the Peak phase portion of Figure 3B. It is visible in Figure 3B that HR
was overall higher in the alcohol compared to placebo group controlling for baseline HR, in
line with the significant main effect of group.

HR at descending assessment in the standard lab room.—The best unconditional
model was one containing only the linear component of time, the random intercept term, and
a random slope term for linear time, Fixed Effects /2 = .00, Total /2 = .98. The best
conditional model, Fixed Effects /2 = .56, Total /2 = .98, was one containing the linear
component of time, b+ SE=.39 £+ .08, £(142) = 4.91, p< .001, the main effect of group, b+
SE=6.24 +1.47, t(140) = 6.42, p< .001, and the main effect of baseline resting HR, b+
SE=.73 .06, £(140) = 12.79, p< .001. Sample means and standard errors are shown in the
Descending phase portion of Figure 3A. Means and standard errors estimated from the best
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conditional model are shown in the Descending phase portion of Figure 3B. It is visible in
Figure 3B that HR was overall higher in the alcohol compared to placebo group controlling
for baseline HR, in line with the significant main effect of group.

Subijective stimulation

Given that there is a link between alcohol-induced changes in HR and subjective stimulation
(e.g., Conrod, Peterson, & Pihl, 2001), one potential explanation for the sex differences in
HR under alcohol observed here is that women may experience greater subjective
stimulation from drinking alcohol in social contexts compared to men. Recently, Corbin,
Scott, Boyd, Menary, & Enders (2015) found that young adult women drinking in mixed-sex
groups in a simulated bar room reported higher levels of stimulation than women drinking in
a standard lab room, and that across contexts, levels of stimulation reported by women (but
not men) drinking alcohol were greater than counterparts drinking placebo. To address this
possibility, we examined subjective stimulation levels for an interaction of beverage group
and biological sex across the baseline, ascending, peak, and descending assessments in the
standard lab room. ANOVA detected significant main effects of group, ~(1, 141) =8.62, p
=.004, np? = .058, sex, F (1, 141) = 3.75, p=.054, np? = .026, and time, F (3, 423) = 3.64,
p=.013, np? = .025, but no significant interaction effects. Controlling for time and sex,
stimulation was greater in the alcohol compared to placebo group, #(141) = 4.86, p< .001, d
= 0.82. Controlling for time and group, stimulation was lower in women compared to men, ¢
(141) = 2.74, p=.007, d= 0.46. Controlling for group and sex, stimulation increased from
baseline to ascending, #(141) = 8.09, p < .001, d= 1.36, decreased from ascending to peak, ¢
(141) = -2.86, p=.014, d= 0.48, and decreased further from peak to descending, #(141) =
-6.91, p<.001, ¢d=1.16. Model-estimated means and standard errors are shown in Figure 4.
It should be noted, however, that the main effect of sex was no longer significant, ~(1, 133)
=1.62, p=.205, np? = .012, when controlling for the number of drinking partners during
the dosing phase, a social factor that affects subjective stimulation from drinking (e.g.,
Fairbairn et al., 2015; Sayette et al., 2012). We also tested whether the apparent sex
difference in subjective stimulation in the alcohol group specifically might be due to overall
lower BrAC among women in the alcohol group (Figure 2). Controlling for BrAC in the
alcohol group, there were no significant main effects of sex in subjective stimulation at
ascending, peak, or descending, /5 (1, 85) < 2.54, ps > .114, np2s < .025.

Discussion

The present study characterized the acute effect of alcohol and its cues on heart rate (HR) in
young adult men and women, and examined potential sex differences in those acute effects.
We found that HR increased over time for both men and women alike, independent of
alcohol or placebo beverage content, while observing preparation of the first beverage inside
the bar room. While consuming the first and second beverage inside the bar room, men and
women in the placebo beverage group exhibited HR decrease over time whereas
counterparts in the alcohol beverage group exhibited HR increase over time. HR increased at
a faster rate in women compared to men in the alcohol group such that HR was higher in
women than men at the end of the beverage consumption period, at which time alcohol is
being absorbed and distributed throughout the body. At the ascending limb assessment in the
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standard lab room, HR decreased to a level below baseline (viz., below HR level while at
rest in the standard lab room before bar room procedures) in the placebo beverage group
whereas in the alcohol group, HR remained elevated (viz., above baseline). For women, but
not men, in the alcohol group, HR increased over time at the ascending limb assessment. At
the peak and descending limb assessments in the standard lab room, HR remained elevated
in the alcohol group whereas HR returned to baseline in the placebo group.

Our finding that HR increased over time in the alcohol and placebo beverage groups alike
while watching beverage preparation in the bar room (i.e., during initial exposure to discrete
and contextual alcohol cues) is in line with drug cue conditioning theories proposing that
drug-related cues acquire excitatory properties as a function of classical conditioning to the
stimulant-like effects of drugs of abuse (Eikelboom & Stewart, 1982; Robinson & Berridge,
1993; Stewart, de Wit, & Eikelboom, 1984). Our finding that HR was decreased in the
alcohol group at the ascending limb assessment in the lab room compared to at the end of
beverage consumption in the bar room (i.e., upon initial offset of discrete and contextual
alcohol cues) could be interpreted as reflecting the offset of excitatory cues, but such an
account has trouble explaining why HR would decrease to a level below baseline in the
placebo group at the same assessment or why HR in the placebo group decelerated during
beverage consumption in the bar room. These findings may be better interpreted as evidence
that contextual alcohol cues elicited an alcohol effect-opposing physiological reaction that
was masked by the co-occurring excitatory effects of discrete alcohol cues. Such an
interpretation would be in line with drug cue conditioning theories proposing drug-related
cues acquire the ability to elicit physiological reactions that compensate and oppose the
anticipated physiological effects of the drug as a function of classical conditioning (Siegel &
Ramaos, 2002).

Our finding of a sex difference in HR under alcohol on the ascending limb, especially while
individuals were still in the bar room, adds to an emerging literature on sex differences in the
acute effects of alcohol and its cues on autonomic and cardiovascular physiology (Bates et
al., 2011; Chaplin et al., 2008; Hartwell & Ray, 2013; Kaplan et al., 1985; Rubonis et al.,
1994; Udo et al., 2009). This finding was robust to several alternative explanations. First, the
difference persisted in analyses controlling for sex differences in BMI. Second, women in
our study reached a slightly lower average BrAC than men (A = .005 g%) due to a slight
overcorrection for sex differences in alcohol pharmacokinetics by the dosing algorithm. The
existing literature indicates a positive relationship between BrAC and HR (King et al., 2002;
Spaak et al., 2008, 2010), whereby women in our study would be expected to respond to
alcohol with /owerincreases in HR but they did not. Although between-person differences in
BrAC might account for what appears to be a sex difference in HR under alcohol, our
moderator analyses continued to find sex differences in the alcohol group HR data even
when controlling for between-person differences in BrAC. Third, observed sex differences in
HR under alcohol might be a function of sex differences in acquired tolerance due to
differences in alcohol use over time. In our moderator analyses, however, we observed sex
differences in the alcohol group HR data even when controlling for between-person
differences in recent alcohol use.
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Beyond beverage and bar room cues, the presence of social drinking cues represents one of
the key differences between the present study and previous studies of acute alcohol-induced
increases in HR. In previous studies, participants drank alone (e.g., Sayette, Smith, Breiner,
& Wilson, 1992; Spaak et al., 2008, 2010) whereas in the present study and others like it
(e.g., Doty & de Wit, 1995; Kirkpatrick & De Wit, 2013; Sayette et al., 2012), participants
drank in groups. A fourth potential explanation for our observed sex difference in HR under
alcohol could be that compared to men, women in the present study may have been more
stimulated by drinking in the social context of the bar room, as suggested by the results of
the study by Corbin and colleagues (2015). Nevertheless, in the present study, women
reported marginally lower levels of subjective stimulation than men (regardless of beverage
condition). Although, it should be noted that this apparent sex difference in overall
subjective stimulation was not robust: it disappeared from the alcohol group when
controlling for lower BrAC among women in the alcohol group, and it disappeared from
both groups when controlling for differences in specific social factors between sessions such
as the number of drinking partners during dosing in the bar. Critically, however, the observed
sex difference in HR under alcohol persisted in moderator analyses controlling for between-
person differences in subjective stimulation as well as in moderator analyses controlling for
between-session differences in specific social factors such as the number and sex of drinking
partners. In sum, our observed sex difference in HR under alcohol on the ascending limb,
especially while individuals were still in the bar room, was robust to explanation by potential
sex differences in BMI, BrAC, recent alcohol use, sensitivity to the stimulant-like subjective
effects of alcohol, and sensitivity to social drinking context factors that can amplify the
stimulant-like effects of alcohol. Thus, our finding appears to reflect biological sex as a
factor determining the magnitude of an acute pharmacological effect of alcohol in a
simulated naturalistic setting: social drinking in a bar room.

Despite the robust nature of current findings, our conclusions are tempered by several
caveats. First, we used a single session between-subject, single-dose design. Although
manipulating beverage contents within participants across multiple sessions would have
some advantages, such a design was not feasible here as we were re-recruiting prior
longitudinal participants who came in to the lab from across the U.S. The current design
does, however, allow each participant to serve as their own within-person control from
baseline through ascending, peak, and descending assessments. Moreover, within-person
manipulation of beverage contents adds other complications related to beverage order
effects, which were not an issue in the current design. Another possible perceived limitation
is that everyone expected to receive alcohol; hence, observed effects of alcohol and its cues
are not independent of the effects of expectancies. Yet, as noted by Martin and Sayette
(1993) expectancies are important determinants of individual differences in alcohol
responses, thus were necessary to include in our study. Whereas random assignment to
condition generated groups that were well-matched on a number of sociodemographic and
biological characteristics important to the study (e.g., baseline resting heart rate), we cannot
rule out the possibility that the observed effects of alcohol and placebo are a function of
unmeasured person/group differences.
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Consistent with previous research (e.g., Quinn & Fromme, 2016), we collected the placebo
manipulation check at the beginning of the ascending limb assessment. This timing is
thought to capture the strongest placebo effects, but we cannot be certain the placebo effect
was active across subsequent assessments (i.e., peak and descending). Thus, we are cautious
about interpreting the decrease in raw HR observed in the placebo group on the descending
limb, at which point it had been 2 hours since beverage consumption. Second, participants
had to stand up from their seat in the social setting of the barroom and walk to their
individual lab testing rooms for the ascending, peak, and descending limb assessments. This
may have weakened the placebo effect as an intact sense of balance might have raised
suspicion about whether they received alcohol. It is highly unlikely, however, that these
movements created artifacts that contribute to our HR effects because at least 10 min elapsed
from the time each participant sat down inside their testing room to the time of HR
recording. Additionally, we inspected and excluded the first minute of each of these HR
recordings from analysis.

Lastly, we used HR as our index of the acute autonomic and cardiovascular effects of
alcohol. Although relatively crude, this measure was appropriate for answering the basic
questions posed in our study. In the absence of HR variability indices, however, we cannot
attribute the observed effects to any specific central or peripheral neuro-cardiac regulatory
mechanisms. In addition, without saliva or blood samples, we cannot rule out the possibility
that the observed effects are due to some central or peripheral neuro-endocrine mechanism.

Implications for alcohol use-associated cardiovascular health risks

Our study has implications for the link between acute and chronic effects of alcohol use on
the cardiovascular system. Although recent studies (Griswold et al., 2018; Wood et al., 2018)
report similar magnitudes of association between chronic alcohol use and most
cardiovascular system-related health risks among men and women, earlier studies indicated
that cardiovascular system-related health risks were of greater concern among women (Chou
& Dawson, 1994; WHO, 2014). These earlier findings could be explained by a failure to
account for pharmacokinetic differences between men and women that lead to higher BrACs
in women after acute alcohol ingestion and, thus, greater toxicity per unit consumed.
However, it could also be explained by a sex difference in the acute effects of alcohol on
autonomic, cardiovascular, and/or endocrine physiology. Our study supports the latter. In our
study, women exhibited higher HR than men under alcohol on the ascending limb, especially
in the simulated naturalistic drinking context, despite controlling for recent alcohol use,
BrAC, and BMI. Although our study cannot discriminate among autonomic, cardiovascular,
and endocrine explanations for the sex difference under alcohol, there is an emerging
literature on adaptive and resting HR variability that suggests the autonomic nervous system
regulates the cardiovascular system differently in men and women, and these differences
may translate into differential effects of alcohol on HR (Bates et al., 2011; Koenig & Thayer,
2016; Udo et al., 2009). Given the population-level associations between alcohol use and
cardiovascular health risks are believed to develop over the course of repeated exposure to
the acute effects of alcohol in the natural environment, more research is warranted on
biological sex as a factor determining the acute effects of alcohol and its cues on autonomic,
cardiovascular, and/or endocrine physiology.
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Public significance statement:

This study suggests that compared to men, women may experience greater increases in
heart rate while drinking alcoholic beverages.
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Figure 1.
Timeline of within-session events. “Arrival” indicates completion of certain procedures in

the lab hallway lobby area (e.g., consent form, height and weight measurement). Shading
indicates times after “arrival” when each participant was in the simulated bar room alongside
other participants or confederates. Lack of shading indicates times after “arrival” when each
participant was alone in the standard lab room. Breath alcohol concentration (BrAC) was
measured approximately every 10 min. BrAC measurements are represented using dashed
lines with an arrowhead. Targets for ascending, peak, and descending BrAC assessments
were 0.06 g%, 0.08 g%, and 0.06 g%, respectively. Subjective stimulation (SS) was
measured using the High Arousal Positive Valence subscale of the Subjective Effects of
Alcohol Scale (Morean, Corbin, & Treat, 2013). Heart rate (HR) was measured in beats per
minute (bpm). HR in the lab room was measured over 5 min. HR in bar room was measured
over 30 min. Recent alcohol use was assessed at baseline using an assisted timeline
followback (TLFB) procedure (Sobell & Sobell, 1992). The manipulation check item asked
participants to estimate the number of standard drink equivalents they consumed in the
simulated bar room. Numbers above the number line indicate time since arrival in minutes.
Numbers below the number line indicate time after dosing in minutes.
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Model-estimated BrAC M+ SE across readings. Horizontal lines at .06 g% and .08 g%
represent targets for ascending/descending and peak BrAC.
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the dosing phase. Gray plot area indicates participants were in the bar room (social). White
plot area indicates participants were in the lab room (alone). A: Sample mean and standard
error for each experiment phase. B: Means and standard errors for each experiment phase
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Group or Sex effects. Best models for dosing and ascending phases included both Group and
Sex effects. Best models for peak and descending phases included Group effects, but not Sex
effects. Means and standard errors for dosing, ascending, peak, and descending phases are

estimated while controlling for between-person differences in Baseline HR.
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Table 1

Participant Biological and Sociodemographic Characteristics

Alcohol (n = 88)

Placebo (n = 57)

Men (n=36) Women(n=52) Men(n=22) Women (n=235)
Characteristic M (SD) M (SD) M (SD) M (SD)
Age (yr) 28.42 (1.27)  28.31(0.98) 27.91(0.75)  27.86 (0.69)
Height (m) 1.80 (0.07) 1.66 (0.06) 1.76 (0.05) 1.63 (0.06)
Weight (kg) 81.39 (12.75)  66.16 (12.84) 86.17 (19.98)  64.10 (12.41)
BMI (kg/m?) 25.10 (3.69) 24.11 (4.58) 27.95 (6.64) 24.14 (4.32)
n (%) n (%) n (%) n (%)
Ethnicity
Hispanic 5 (14) 12 (23) 3(14) 9 (26)
Race
AI/AN 0 (0) 0 (0) 0 (0) 0 (0)
Asian 6 (17) 7 (14) 4 (18) 8 (23)
Black 2(5) 2(4) 0(0) 0(0)
White 22 (61) 34 (65) 13 (59) 18 (51)
Multiple 6 (17) 9(17) 5(23) 9 (26)
Yearly Income
< 60,000 USD/yr 23 (64) 35 (67) 12 (55) 21 (60)

Page 24

Note. BMI stands for Body Mass Index. Al stands for American Indian. AN stands for Alaska Native. USD stands for U.S. Dollars. There were no
beverage group or sex differences in the distributions of ethnicity, race, or income. There were no differences in age, height, weight, or BMI
between beverage groups. There were sex differences in height, weight, and BMI, such that values were higher in men, & = 2.98, ps < .05, ¢ = .50.
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Table 2
Participant AUDIT Scores and Alcohol Use Over Past 30 Days

Alcohol (n = 88) Placebo (n = 57)

Men (n=36) Women(n=52) Men(n=22) Women (n=235)

Variable M (SD) M (SD) M (SD) M (SD)
AUDIT 6.83 (2.85) 5.78 (3.10) 6.04 (4.07) 4.88 (2.46)
Number of days used any alcohol 13.25 (8.77) 11.51 (7.07) 12.77 (8.51) 11.00 (6.55)
Number of standard drinks per drinking day 3.41 (1.56) 2.46 (1.01) 3.20(1.78) 2.61(1.45)
Maximum number of standard drinks consumed in one occasion  7.68 (4.13) 4.98 (2.85) 7.23 (4.76) 5.14 (3.11)
Number of binge drinking episodes 2.92 (3.47) 2.67 (4.33) 3.68(5.32) 1.94 (2.48)

Note. Raw scores from the Alcohol Use Disorder Identification Test (AUDIT) are presented (Saunders, Aasland, Babor, De La Fuente, & Grant,
1993). Alcohol use variables were derived from a Time-Line Follow-Back (TLFB) procedure (Sobell & Sobell, 1992). There were no differences
between beverage groups. There were sex differences in the number of standard drinks per drinking day and the maximum number of standard
drinks consumed in one occasion such that these were higher in men, &> 2.13, ps < .05, ¢5 = .36
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Regression output from best unconditional and conditional multi-level models of heart rate (HR, beats per

minute) across 28-minute Dosing phase in simulated bar room (social)

Dosing HR unconditional

Dosing HR conditional

Fixed Effects b SE t p b SE t p
(Intercept) 77.984 0960 81.210 <0.001 78.192 0.453 172.450 <0.001
linear Time 0.310 0.042 7.445 <0.001 0.383 0.057 6.696 <0.001
quadratic Time -0.004 0.001 -2985 0.003 -0.014 0.002 -6.203 <0.001
Baseline HR 0.805 0.035 23.301 <0.001
linear Time x Baseline HR -0.004 0.002 -2.653 0.008
linear Time x Group -0.164 0.072 -2.257 0.024
quadratic Time x Group 0.016 0.003 5382 <0.001
quadratic Time x Sex -0.001 0.002 -0.335 0.738
quadratic Time x Group x Sex 0.006  0.003 2.174 0.030

Random Effects
Residual Error Variance 17.44 17.14
Random Intercept SD 127.70person 24.60person

Random Slope SD

Random Intercept-Slope Correlation
Intraclass Correlation

n

Observations

Fixed Effects /2 / Total A2

0.08jinear Time
-0.28

0.88
1440¢rson
3778
0.019/0.878

0-(J’C—)Iinear Time

-0.19
0.64
1440ers0n
3778

0.665/0.879

Note. Time was measured in minutes. Time = 0 represents the first of the twenty-eight minutes. Group = 1 indicates alcohol beverage group. Sex =

1 indicates woman. Likelihood ratio X2 tests indicated that each fixed effect term shown above was a significant contributor to model fit.
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Table 4

Regression output from best unconditional and conditional multi-level models of heart rate (HR, beats per
minute) across 4-minutes in the standard lab room (alone) at ascending limb assessment

Ascending HR unconditional

Fixed Effects b SE t p b SE t p

Ascending HR conditional

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny
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(Intercept)

linear Time
quadratic Time
Baseline HR

Group

linear Time x Sex
linear Time x Group

linear Time x Group x Sex

76.080 1.127 67.509 <0.001
0.780 0.286  2.730 0.006
-0.093 0.085 -1.099 0.272

72.344 1139 63.526 <0.001
1.028 0.355 2.893 0.004
-0.093 0.085 -1.099 0.272
0.771 0.054 14212 <0.001
6.156 1458 4.224  <0.001
-0.390 0.293 -1.331 0.183
-0.558 0.296 -1.888  0.059
0.348 0.241  1.447 0.148

Random Effects

Residual Error Variance

Random Intercept SD

Random Slope 1 SD

Random Slope 2 SD

Random Intercept-Slope 1 Correlation
Random Intercept-Slope 2 Correlation
Intraclass Correlation

n

Observations

Fixed Effects /2 / Total A2

2.73
181.56person
5.164inear Time
0.36quadratic Time
0.02

-0.15

0.98

145person

580

0.002 /0.985

2.73
72.00person
5.00%inear Time
0.36quadratic Time
-0.18

0.10

0.96

145person

580
0.601/0.985

indicates woman. Likelihood ratio X tests indicated that each fixed effect term shown above was a significant contributor to model fit.
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Note. Time was measured in minutes. Time = 0 represents the first of the four minutes. Group = 1 indicates alcohol beverage group. Sex =1
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