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Abstract

Background—The detrimental effects of chronic heavy alcohol use on the cardiovascular system 

are well established and broadly appreciated. Integrated cardiovascular response to an acute dose 

of alcohol has been less studied. This study examined the early effects of an acute dose of alcohol 

on the cardiovascular system, with particular emphasis on system variability and sensitivity. The 

goal was to begin to understand how acute alcohol disrupts dynamic cardiovascular regulatory 

processes prior to the development of cardiovascular disease.

Methods—Healthy participants (N = 72, age 21 to 29) were randomly assigned to an alcohol, 

placebo, or no-alcohol control beverage condition. Beat-to-beat heart rate (HR) and blood pressure 

(BP) were assessed during a low-demand cognitive task prior to and following beverage 

consumption. Between-group differences in neurocardiac response to an alcohol challenge (blood 

alcohol concentration ~ 0.06 mg/dl) were tested.

Results—The alcohol beverage group showed higher average HR, lower average stroke volume, 

lower HR variability and BP variability, and increased vascular tone baroreflex sensitivity after 

alcohol consumption. No changes were observed in the placebo group, but the control group 

showed slightly elevated average HR and BP after beverage consumption, possibly due to juice 

content. At the level of the individual, an active alcohol dose appeared to disrupt the typically tight 

coupling between cardiovascular processes.

Conclusions—A dose of alcohol quickly invoked multiple cardiovascular responses, possibly as 

an adaptive reaction to the acute pharmacological challenge. Future studies should assess how 

exposure to alcohol acutely disrupts or dissociates typically integrated neurocardiac functions.
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THE LONG-term, detrimental effects of chronic heavy alcohol use on cardiovascular 

function are well established and broadly appreciated (e.g., American Heart Association, 
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2015; Corrao et al., 2004; National Institute on Alcohol Abuse and Alcoholism, 2015; Rehm 

et al., 2010). These chronic effects arise over time as the result of repeated bouts of acute 

intoxication and withdrawal, but each drinking episode is also acutely linked to its own 

complex time-and dose-dependent neural, muscular, and biochemical alterations within the 

cardiovascular system (Kahkonen et al., 2011; Kawano, 2010). Initially, these acute 

cardiovascular alterations are transient (Kawano, 2010), and system redundancies can 

effectively compensate for disruptions to any one given element (Joyner and Pedersen, 2011; 

Quinn and Kohl, 2012). Over time, however, these alterations can persist and become 

clinically evident as one of several diagnosable chronic cardiovascular diseases that are 

highly comorbid with alcohol dependence (Corrao et al., 2004; Rehm et al., 2010). In this 

study, we examined the early effects of an oral dose of alcohol on the cardiovascular system, 

with particular emphasis on changes in system variability and sensitivity, in a sample of 

healthy, young adult drinkers.

Interest in biological variability has exploded over the past decade, with significant literature 

now focusing on neural (Wang, 2010) and cardiovascular (Lehrer and Eddie, 2013; Rickards 

and Tzeng, 2014) oscillations. Greater variability in biological functions is generally thought 

to demonstrate more intact regulatory systems that are appropriately detecting and 

dynamically responding to perturbation (Kitano, 2004; Lehrer and Eddie, 2013; Thayer and 

Lane, 2000). In other words, more variability often implies a high degree of flexibility in a 

well-functioning biological system (Tapanainen et al., 2002; Vaschillo et al., 2011).

Heart rate variability (HRV; i.e., changes in the time intervals between consecutive heart 

beats) is perhaps the best known and most easily measured index of physiological variability. 

HRV reflects the continual, bidirectional communication between the heart and brain, which 

allows the individual to precisely adapt to changes in his/her internal milieu and external 

environment by integrating neural and cardiovascular reactions. In the resting state, it is a 

robust biomarker of health (Kemp and Quintana, 2013; Thayer et al., 2010). Following oral 

alcohol consumption, resting state HRV is reduced (reviewed in Romanowicz et al., 2011), 

as is HRV reactivity to emotionally valenced visual cues (Vaschillo et al., 2008).

The cardiovascular system, however, does not adapt solely by modulating HRV. Rather, it 

can flexibly respond to challenge by changing stroke volume, vascular tone, and blood 

pressure (BP) variability in addition to or in lieu of changing HRV (Liu et al., 2004; Ma and 

Zhang, 2006; Rickards and Tzeng, 2014; Vaschillo et al., 2012). System redundancy ensures 

that the cardiovascular system can buffer itself against internal (e.g., cognitive emotional) 

and external (e.g., pharmacological) challenges, and thus protect the brain from stroke and 

the heart from myocardial infarction. These system elements (i.e., heart rate [HR], vascular 

tone) may work independently or in tandem to generate fine-grained, real-time adjustments 

to optimize cardiovascular responding. Importantly, variability in each of these processes is 

linked through the baroreflex system, which is comprised of multiple parallel, closed-loop 

branches that control BP through changes in HR (i.e., the HR baroreflex loop), stroke 

volume (i.e., the stroke volume baroreflex loop), and vascular tone (i.e., the vascular tone 

baroreflex loop) (Casadei et al., 1992; Eckberg and Sleight, 1992; Vaschillo et al., 2012; 

Yambe et al., 2009). In addition, the baroreflex controls sympathetic nervous system activity. 

For example, the baroreflex decreases muscle sympathetic nerve activity when BP increases, 

Buckman et al. Page 2

Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 August 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and increases it when BP decreases (Hart et al., 2009). Under normal conditions, the 

baroreflex coordinates cardiovascular processes. When challenged by alcohol, however, it is 

unclear whether cardiovascular processes remain coordinated and/or whether the sensitivity 

of the baroreflex system to detect changes is compromised.

This study sought to provide a first step in characterizing system-wide cardiovascular 

disruption by examining the effects of acute alcohol intoxication on average HR, stroke 

volume, vascular tone, and BP, variability in each of these cardiovascular processes, and 

sensitivity in the HR, stroke volume, and vascular tone baroreflex branches. The effects of 

acute alcohol on the cardiovascular system were assessed on the ascending limb of the blood 

alcohol curve, a period of maximal alcohol absorption that is associated with stimulant/

euphoric subjective experiences. Prior studies suggest that cardiac responses to alcohol are 

more tightly linked to the stimulant, compared to sedative effects of alcohol (Brunelle et al., 

2007).

Our general hypothesis was that the reactions of individual cardiovascular parameters and 

baroreflex feedback loops to acute alcohol intoxication would be disparate but coordinated, 

such that they maintain general cardiovascular homeostasis. For average cardiovascular 

responses, based on prior studies using oral alcohol administration protocols and similar 

assessment time points, we hypothesized an increase in HR (Conrod et al., 2001), a decrease 

in stroke volume (Morvai et al., 1988), and vasodilation (Agewall et al., 2000). For 

variability, we predicted global suppression based on the premise that greater variability 

implies greater adaptability and better health (Lehrer and Eddie, 2013; Thayer and Lane, 

2000; Vaschillo et al., 2011). Previous oral alcohol administration studies have observed a 

reduction in HRV following alcohol administration (Vaschillo et al., 2008). To our 

knowledge, no one has assessed whether stroke volume variability or vascular tone 

variability is disrupted during alcohol intoxication. Finally, oral alcohol administration has 

been shown to reduce HR baroreflex sensitivity (Fazio et al., 2001), and likewise it is 

possible that, due to its pharmacological actions on the nitric oxide pathway (Bau et al., 

2005) and smooth muscle (Goslawski et al., 2013), alcohol would also reduce sensitivity in 

the vascular tone and stroke volume baroreflex branches. Thus, we tentatively hypothesized 

that alcohol would reduce baroreflex sensitivity across all baroreflex branches.

MATERIALS AND METHODS

Participants

Seventy-two participants were recruited via university/community bulletin boards and 

newspapers to take part in a single session cue reactivity study aimed at characterizing how 

alcohol changes cardiovascular functions in a restful state and in response to emotional and 

appetitive picture cues. This study addresses the first of these questions. Participants 

averaged 21.7 years of age (SD = 0.9); 44% were female. Because the study included the 

administration of an alcohol beverage, individuals were excluded if they were under 21 years 

of age, reported consuming less than 4 drinks (3 drinks for women) twice per month in the 

past year, or were more than 20% overweight or underweight from the ideal for gender, 

height, and body frame based on the Metropolitan Life Height–Weight Table (Metropolitan 

Life Insurance Company, 1983). Additional exclusion criteria included regular (greater than 
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monthly) drug use, self-report of current learning disability, lifetime history of bipolar 

disorder or psychosis diagnosis, substance use treatment in the past year, biological mother 

heavy substance use during pregnancy, and for women, pregnancy. Eligibility was 

ascertained initially during a telephone screening interview.

Procedures

This study was approved by the university’s Institutional Review Board for the Protection of 

Human Subjects Involved in Research. All participants provided written informed consent 

and were compensated $50 for their time. Each participant completed a ~3-hour laboratory 

session (between 10:00 AM and 4:00 PM to minimize biological circadian variations). They 

were asked to refrain from alcohol or other drug use (except caffeine and cigarettes) for 24 

hours before the laboratory session.

Upon arrival in the laboratory, weight, height, pregnancy status, and a zero blood alcohol 

concentration (BAC) were confirmed and participants were randomly assigned to the 

alcohol, placebo, or no-alcohol beverage group, as described below. A battery of 

questionnaires was completed. Participants were then seated in a comfortable chair 2.5 m in 

front of a large computer screen in a sound attenuated, dimly lit room. Dermal 

electrocardiogram (ECG) electrodes were placed ventrolateral to both deltoid muscles and 

above the left ankle. BP was measured using a sensor placed around the participant’s right 

middle finger between the first and third phalanges. ECG and beat-to-beat BP data were 

continuously recorded at a sample rate of 2000 Hz using a Power-lab Acquisition system 

(ADInstruments, Colorado Springs, CO) and a Finometer MIDI (Finapres, Amsterdam, the 

Netherlands), respectively. To ensure the quality and integrity of the ECG data during data 

collection, a brief pre-experimental assessment was performed and participants with 

abnormal ECGs were excluded prior to the initiation of the study; in this study, 3 were 

excluded prior to physiological recording for an abnormal ECG.

Physiological recording began with participants performing a standardized low cognitive 

demand “vanilla” task (Jennings et al., 1992) for 5 minutes. The participant viewed colored 

rectangles presented sequentially (1 rectangle every 10 seconds) on a computer screen and 

silently counted the number of blue rectangles. Compared with an unstructured resting 

baseline, this task produces HRV values with better between- and within-subject stability 

and generalizability across sessions (Jennings et al., 1992).

All participants consumed a volume-controlled beverage based on group assignment. 

Participants in the alcohol group (n = 24) were told that they would receive some amount of 

alcohol and were given mixer (orange, cranberry, and lime juice) with an active ethanol 

(EtOH) dose to achieve a target BAC of ~80 mg/dl, calculated based on body weight (0.90 

ml/kg for men, 0.78 ml/kg for women), in a ratio of 4 parts mixer to 1 part alcohol (95% 

EtOH) (Bates and Martin, 1997). Participants in the placebo group (n = 24) were told that 

they would be given some amount of alcohol and received mixer with a physiologically 

inactive dose of alcohol (100 µl EtOH float per each cup) and other olfactory cues. The no-

alcohol control group (n = 24) were told that they would not be given alcohol and received 

100% mixer. Each beverage was divided into 3 equal drinks, and participants were instructed 

to consume each beverage evenly over a 5-minute period (total drinking time =15 minutes).
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The vanilla task then was performed for a second time when alcohol group participants’ 

BAC reached ~60 mg/dl on the ascending limb of the blood alcohol curve (average: 10.6 

minutes, SD = 15.2), or after 10 minutes for placebo and control participants. Physiological 

recordings continued during several picture cue presentation tasks, but BAC was not 

measured during these tasks. The current study focused on acute intoxication and resting 

state cardiovascular activity. Participants in the alcohol beverage group remained in the 

laboratory until their BAC returned to zero.

Measures

Participants’ sociodemographic information (sex, age, education, race) as well as quantity 

and frequency of alcohol and frequency of other drug use in the past 30 days, past year, and 

over the lifetime was assessed with self-report questionnaires. Family history of alcoholism 

status was ascertained using a standardized family history interview (Rice et al., 1995) and 

considered positive when a first-degree relative met criteria for alcohol dependence. 

Alcohol-related problems were assessed using the 25-item Alcohol Dependence Scale 

(Skinner and Horn, 1984) and the 18-item Rutgers Alcohol Problem Index (White and 

Labouvie, 2000) with 2 additional items added to gauge drunk driving and regretted sexual 

situations. Depression and anxiety symptoms were measured using the Beck Depression 

Inventory II (Beck, 1996) and Beck Anxiety Inventory (Beck and Steer, 1993), respectively. 

Table 1 shows that groups were not statistically different in terms of demographics, family 

history of alcohol dependence, alcohol use, and mood.

Continuous sequences of heart beat-to-beat intervals (RRI) were recorded during the pre-

drinking and post-drinking vanilla tasks. RRI data were exported to WinCPRS software 

(Absolute Aliens Oy, Turku, Finland) for analysis. No recording occurred during the 15-

minute beverage consumption phase that intervened between the 2 tasks. For assessment of 

HR dynamics, average HR across each task, time-domain HRV indices (standard deviation 

of normal-to-normal beats [SDNN], root of the mean squared differences of successive 

intervals [RMSSD], and percent of the number of pairs of adjacent normal-to-normal 

intervals differing by more than 50 ms [pNN50]) and frequency domain indices (low 

frequency [0.04 to 0.15 Hz] and high frequency [0.15 to 0.4 Hz]) were calculated. Frequency 

domain indices were computed from spectral analysis after cubic interpolation of the 

nonequidistant waveform and 4 Hz resampling. For stroke volume means and variability, the 

Model-Flow methodology for cardiac output measurement (Bogert and van Lieshout, 2005) 

was used. To evaluate vascular tone, pulse transit time was used as a proxy measure and 

measured for each heart beat as the time interval between the R-spike of the ECG waveform 

and the peak of the corresponding finger pulse. Higher pulse transit time corresponds to 

lower vascular tone (Bogert and van Lieshout, 2005). Measures of BP were derived from the 

vascular pressure waveform. Systolic BP represents arterial pressure during the systolic 

contraction of the heart. Mean arterial pressure reflects organ perfusion and was estimated as 

(systolic BP + 2X diastolic BP)/3.

HR, stroke volume, and vascular tone baroreflex sensitivities were calculated with cross-

spectral analysis. Transfer functions were calculated with systolic BP as the input and RRI, 

stroke volume, or pulse transit time as the output. Sensitivity was estimated as the average 
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power of the transfer function in the low frequency range where coherence between systolic 

BP (input) and the output was > 0.5 (Cooke et al., 1999). Baroreflex sensitivities evaluate the 

magnitude of change in RRI, stroke volume, and pulse transit time to a 1 mmHg change in 

systolic BP (Maestri et al., 1998; Pitzalis et al., 1998; Vaschillo et al., 2002, 2012).

Analysis

Testing for multivariate outliers using Mahalanobis distance (de Maesschalck et al., 2000) 

with criterion p < 0.001 identified no outliers. A mixed linear model (SAS 9.3; SAS 

Institute, Inc., Carey, NC) was tested for each cardiovascular index. Significant main and 

interaction effects were followed by post hoc tests of within-subjects effects for 3 a priori 

selected tests (i.e., pre-compared to post-beverage values in the alcohol, placebo, and control 

groups). A Bonferroni correction was used to mitigate alpha inflation by setting post hoc 

alpha levels at p < 0.017. Scatterplots were created to assess the relationships between pre- 

to post-beverage change in cardiovascular parameters at the level of the individual. Effect 

size calculations were performed using Cohen’s drm (for repeated measures designs) as 

suggested by Lakens (2013).

To investigate whether alcohol group participants’ time to achieve 0.06% BAC was related 

to their physiological responses to the alcohol dose, correlations between time to achieve a 

0.06% BAC and post-drinking physiological indices were examined. No significant 

associations were found (all p > 0.05).

RESULTS

As predicted, average HR significantly increased and multiple indices of HRV significantly 

decreased following oral alcohol consumption (Fig. 1). Unexpectedly, average HR also 

increased in the control group. There was a main effect of time (but not beverage group) on 

mean HR, and a significant group × time interaction (Table 2). Least squares means 

comparisons indicated that HR increased significantly from the pre- to post-drinking task in 

the alcohol group (medium effect size) and control group (very small effect size), but not 

placebo group. For HRV indices, there were significant main effects of time, group, and 

significant group × time interactions for pNN50, SDNN, RMSSD, and high frequency HRV 

(Table 3). Least squares means comparisons indicated a significant reduction in these HRV 

indices in the alcohol group following beverage administration, but not in the control or 

placebo groups. There were no significant main or interaction effects for low frequency 

HRV.

There was a significant group × time interaction for mean stroke volume with a significant 

reduction in the alcohol group, but no corresponding changes in the control or placebo 

groups (Fig. 2, Table 2). There was a significant main effect of group on stroke volume 

variability as measured by stroke volume deviation, but the post hoc analyses revealed no 

significant differences. There were no time or interaction effects (Table 3).

There was a significant main effect of time with no significant interactions for both mean 

(Table 2) and variability (Table 3) indices of vascular tone. Mean pulse transit time increased 

and the standard deviation of pulse transit time decreased consistently across groups (Fig. 3).
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Alcohol did not alter average systolic or mean arterial pressure but significantly reduced 

systolic BP variability (Fig. 4). There were significant group, time, and group × time 

interactions for average systolic and mean BP. Least squares means comparisons indicated 

that only changes in the control group were significant (Table 2). Specifically, the control 

group showed a medium effect size increase in BP from pre- to post-drinking. There was a 

significant main effect of time and group × time interaction for the standard deviation of 

systolic BP (Table 3). As hypothesized, BP variability significantly decreased from pre- to 

post-drinking in the alcohol group; no pre- to post-beverage changes in BP variability were 

observed in the placebo or control groups.

Alcohol intoxication did not affect HR and stroke volume baroreflex sensitivities, but did 

increase vascular tone baroreflex sensitivity (Fig. 5). That is, the sensitivity of neither the 

HR baroreflex nor the stroke volume baroreflex changed as a function of beverage group or 

time (Table 4), whereas a significant group × time interaction (Table 4) showed that vascular 

tone baroreflex sensitivity increased from pre- to post-drinking in the alcohol group, but not 

placebo or control groups.

To explore whether the relationship between cardiovascular processes is disrupted by acute 

alcohol intoxication, individual-level changes (pre- to post-beverage consumption) in 

average HR, stroke volume, and vascular tone were plotted. Figure 6 graphically depicts 

how an active dose of alcohol alters cardiovascular functioning. Specifically, in Fig. 6A, HR 

and stroke volume changes were tightly clustered among individuals in the control (red 

squares) and placebo (green triangles) groups. Change in average stroke volume among 

these individuals was typically below (+/−) 10 ml (+/−) and changes in HR were typically 

positive but < 6 beats per minute. Participants who received an active alcohol beverage (blue 

diamonds), on the other hand, showed less aggregated and often more dramatic changes. 

Moreover, the relationship of stroke volume change to HR change was altered in some 

individuals: Some showed dramatic changes in HR with changes in stroke volume akin to 

individuals in the control and placebo groups; others showed large changes in both HR and 

stroke volume. This same pattern of exaggerated, uncoupled, and sometimes opposite 

cardiovascular relationships following alcohol consumption also was seen when changes in 

vascular tone (measured as changes in pulse transit time) were plotted against HR (Fig. 6B) 

and stroke volume (Fig. 6C).

The relationship between changes in average systolic arterial pressure also was assessed in 

comparison with changes in average HR, stroke volume, and pulse transit time (Fig. 7). 

Alcohol consumption again appeared to result in exaggerated and less well-regulated shifts 

in cardiovascular functioning. Individuals in the control and placebo groups showed 

coupling of HR changes with systolic pressure changes (top panel) as expected based on the 

HR baroreflex branch function. BP and HR changes in individuals in the alcohol group, 

however, appeared uncoupled, with many individuals showing reduced BP even when HR 

was increased. In the middle panel, individuals in the control and placebo groups typically 

showed elevations in stroke volume and BP after beverage consumption, whereas the typical 

response among individuals in the alcohol group was for dramatic reductions in stroke 

volume with concurrent reductions in BP.
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DISCUSSION

Acute alcohol effects on HR have received more research attention relative to other 

cardiovascular processes due to their purported relation to subjective stimulant effects of 

alcohol on the ascending limb of the blood alcohol curve (e.g., Hendler et al., 2013). In this 

study, we examined how an articulated system of cardiovascular processes—including HR, 

stroke volume, vascular tone, and BP—changes early in the blood alcohol curve, when 

alcohol absorption and stimulant/euphoric subjective experiences are maximal. The goal was 

to understand how alcohol disrupts dynamic cardiovascular regulatory processes in young 

adults prior to the development of cardiovascular problems. The results suggest a complex 

interplay of acute alcohol effects on the heart and vessels that can be characterized as real-

time changes in averages and variabilities of multiple cardiovascular functions and the 

sensitivity of 1 branch of the baroreflex. The results also provide preliminary support for the 

idea that each cardiovascular process demonstrates a unique reaction and that the 

coordinated links between processes typically observed in healthy people may become 

uncoupled to some extent during the ascending limb of the blood alcohol curve.

Consistent with several other oral alcohol administration studies (e.g., Brunelle et al., 2007; 

Spaak et al., 2008), we observed increased HR during intoxication. This elevation in average 

HR early in the ascending blood alcohol curve was observed with a concurrent reduction in 

average stroke volume, but no significant change in systolic and mean BP. This pattern of 

results suggests that, in young individuals without alcohol dependence, the neurally 

mediated increase in HR that is often noted in the literature may co-occur with an 

attenuation of the muscular pumping action of the heart (Morvai et al., 1988), which 

together allow BP to remain stable. Elevated BP is often observed in heavy users of alcohol 

(Puddey and Beilin, 2006), possibly suggesting that one means by which this happens is a 

breakdown in the adaptive coordination of these cardiac functions. Figure 6 is consistent 

with this hypothesis; many individuals who drank alcohol showed large, atypically coupled 

cardiovascular responses. The wide range of individual differences in HR/ stroke volume 

changes after alcohol consumption warrants further examination, perhaps especially among 

individuals with different alcohol use behaviors.

An elevated HR can suggest that neural innervation to the heart favors stimulation, through 

enhanced sympathetic and/or reduced parasympathetic activity. The present study found 

reductions in multiple HRV indices that are linked to vagal nerve traffic (Fig. 1), supporting 

the idea of reduced parasympathetic activity during the ascending limb of the blood alcohol 

curve. This is consistent with prior studies (Gonzalez Gonzalez et al., 1992; Koskinen et al., 

1994; Spaak et al., 2010) that have demonstrated that alcohol acutely disrupts vagal activity. 

The reduction observed in low frequency HRV, which is thought to reflect multiple cardiac 

control mechanisms in addition to parasympathetic input, was not statistically significant.

There was a statistically significant, albeit modest reduction in average pulse transit time 

across all groups from pre- to post-beverage assessment, suggesting that some 

vasoconstriction occurred. Alcohol intoxication has been associated with an acute 

vasodilatory response after a minimum of 30 minutes (Agewall et al., 2000); however, 

Newlin (1985, 1986) showed that, upon ingestion of alcohol, pulse transit time in young 
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male drinkers increased (i.e., vasodilation), but this dilation initially served only to offset the 

vasoconstriction observed in anticipation of alcohol. The small average reductions in pulse 

transit time observed in the present sample of young adult drinkers may be due to 

assessment early in the blood alcohol curve when the compensatory conditioned response 

(vasoconstriction) to alcohol is present, but the unconditioned, pharmacological actions of 

alcohol on vessels (vasodilation) have not yet been initiated. However, most individuals in 

all groups (including those in the control group who had no expectation of alcohol 

consumption) showed some degree of vasoconstriction (Fig. 6). Interestingly, this vascular 

change was very differently linked to HR (Fig. 6B) and stroke volume (Fig. 6C) in the 

alcohol group compared to control and placebo groups. For example, vasoconstriction is 

typically associated with an increase in preload, and thus in stroke volume; however, for 

many individuals in the alcohol group, this relationship was not seen. In Fig. 7, whereas 

nearly all control participants and many placebo participants showed the expected coupling 

of vasoconstriction with higher BP, participants who consumed alcohol tended to show 

reduced BP, independent of changes in blood vessels.

Systolic BP did not significantly change in the alcohol or placebo groups, but increased in 

the control group. The placebo group, however, did show a nonsignificant, small effect size 

increase in BP, whereas the alcohol group showed a nonsignificant, small effect size 

decrease. At the level of the individual (Fig. 7), BP is clearly elevated in the majority of 

control and placebo group participants, possibly due to consumption of juice (i.e., blood 

volume or blood sugar changes). Alcohol group participants, on the other hand, showed a 

wide range of BP reactions to alcohol with most demonstrating a reduction in systolic 

pressure. Pulse transit time and BP are 2 measures of vascular dynamics and would be 

expected to be positively correlated. Thus, an elevation of BP in conjunction with 

vasoconstriction (Fig. 7, bottom panel) is internally consistent. The lack of BP change seen 

after consuming a beverage containing alcohol is consistent with the hypothesis that alcohol 

exerts various, often countervailing actions on the heart and vessels (as well as on other 

organ and system processes) that, only when considered together, can explain changes in BP. 

HRV and systolic BP variability were significantly reduced in the alcohol group. Stroke 

volume variability and vascular tone variability trended in same direction (Figs 3 and 4), 

although the changes did not reach statistical significance. Thus, even very early in the blood 

alcohol curve, there is a loss of variability in the cardiovascular system, particularly in HR 

and systolic pressure. This points to a reduction in adaptive modulation of the cardiovascular 

system, which is likely to have both physiological and psychological consequences. That is, 

the heart and brain are believed to use variability in HR, stroke volume, pulse transit time, 

and BP to relay information about the internal and external environment and ensure an 

integrated and adaptive mind–body responses to daily, as well as extreme, cognitive and 

emotional challenges (Porges, 2009; Soroko and Trubachev, 2010; Vasilevskii et al., 1993).

We also hypothesized that acute alcohol would decrease the sensitivity of the 3 parallel 

baroreflex feedback loops. This global hypothesis was not supported, rather a more nuanced 

pattern of cardiovascular changes was evident. HR baroreflex sensitivity, for example, did 

not significantly change during the early portion of the ascending limb of the blood alcohol 

curve. Some prior evidence suggests that HR baroreflex sensitivity is dampened by acute 

administration of alcohol in healthy adults at 40 minutes (Fazio et al., 2001) and 1 hour 
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(Koskinen et al., 1994) post-consumption. The present results suggest that earlier in the 

course of intoxication (~10 minutes), beat-to-beat intervals in HR begin to become less 

dynamic (i.e., reduced HRV), but remain tightly linked to BP dynamics.

On the other hand, vascular tone variability remained stable, whereas vascular tone 

baroreflex sensitivity was increased by alcohol. This implies that vascular tone retained its 

full dynamic range, but reacted more strongly to a 1-unit change in BP after, compared to 

before, alcohol was consumed. This finding may suggest hypersensitivity of the vasculature 

during early alcohol absorption, a stronger link between pressure and flow, and/or the 

activation of the sympathetic nervous system, which is a crucial regulator of this branch of 

the baroreflex (Eichmann and Brunet, 2014). This latter explanation would suggest that early 

in the ascending limb of the blood alcohol curve, drinking alcohol serves to both reduce 

parasympathetic activity and increase sympathetic activity, creating 2 parallel pathways of 

system loading. It may also suggest that the vascular tone baroreflex branch is the first 

branch to detect the presence of alcohol in the system and is preemptively activated to offset 

the overall suppressive effects of alcohol on the cardiovascular system following oral 

consumption. Future studies, such as those assessing muscle sympathetic nerve activity 

during intoxication, may help clarify this hypothesis.

Together these results suggest that shortly after consumption of alcohol, multiple interrelated 

changes occur to the cardiovascular system. The averaged group changes were often 

antagonistic (e.g., elevated HR but lower stroke volume), which may serve to stabilize BP. 

The characterization of individual-level cardiovascular responses to alcohol (Figs 6 and 7), 

however, suggest that early in the ascending limb of the blood alcohol curve, cardiovascular 

processes may become uncoupled or underregulated. A critical next step is to characterize 

the time course of these acute cardiovascular disruptions and examine how uncoupling of 

these processes participates in changes across the developmental trajectories of alcohol use 

behaviors. It is possible that, over time, with repeated bouts of intoxication, the ability of the 

cardiovascular system to stabilize BP becomes increasingly compromised and that the 

resultant dysregulation could influence automatic visceral reactions to internal and external 

cues that promote continued drinking.

Several caveats should be considered. First, the sample size was relatively small. Second, 

although the experimental design was aimed at reducing differences in alcohol absorption, 

individual differences in absorption times were observed, as is common in oral alcohol 

administration studies. Third, we did not measure changes in blood glucose from drinking 

juice-based beverages, but juice volume was adjusted based on body weight and thus we 

expect juice-related changes to be similar across the young, average weight, and healthy 

participants in this study. Fourth, we also cannot rule out the possibility that changes in 

chemoreflex sensitivity may have influenced cardiovascular reactions to alcohol. Fifth, the 

study design was not able to differentiate the extent to which changes in HR, stroke volume, 

vascular tone, and BP were peripherally (each process separately) and centrally (in a 

coordinated fashion) mediated. Each individual process appeared to be influenced in unique 

ways by alcohol, but all showed evidence for exaggerated responding compared to control 

and placebo beverage response. There are clearly demonstrated direct pharmacological 

effects of alcohol on the heart muscle and vessel walls, which implies that alcohol would 
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exert independent effects on functions, such as HR and pulse transit time. Via the direct 

effects of alcohol on vessel walls, alcohol also likely disrupts the functionality of the 

baroreceptors, which, in turn, could result in a coordinated reaction across the 3 parallel 

baroreflex branches. Further, alcohol directly impacts neurons, neurotransmission, and 

neuronal functioning, which could alter efferent firing patterns via the vagus and 

sympathetic nerves that could differentially impact the heart and vessels based on their 

innervations. Some evidence of compensatory conditioned reactions was also noted, 

suggesting that the expectation of alcohol was, to some degree, sufficient to induce 

cardiovascular reactions in social drinkers. Sixth, this study assessed resting state 

cardiovascular reactions at only 2 time points. This was due to the larger study design that 

included a cue reactivity paradigm that began immediately after the 5-minute post-beverage 

assessment described here. Prior studies have assessed individual cardiovascular reactions to 

acute alcohol at multiple time points and found time-dependent changes (e.g., Gonzalez 

Gonzalez et al., 1992), namely reductions in high frequency HRV as early as 5 minutes and 

elevations in low frequency HRV starting at ~20 to 30 minutes after alcohol ingestion. No 

study, to the best of our knowledge, has assessed the full spectrum of cardiovascular 

reactions to alcohol throughout the blood alcohol curve.

In conclusion, it is well established that long-term heavy use of alcohol has pervasive 

physiological consequences and that the repeated intoxication/withdrawal cycles associated 

with alcohol use taxes physiological systems from ingestion through complete elimination. 

The cardiovascular system is not spared from these effects and, as such, cardiovascular 

disease factors prominently in alcohol-related deaths (Corrao et al., 2004). However, little is 

known about the developmental progression of alcohol effects on the cardiovascular system, 

which begin as transient disruptions and compensatory responses in young, healthy drinkers 

and then in some chronic heavy drinkers progress to frank disease states. The present study 

serves as an initial step toward understanding this progression by suggesting that alcohol 

intoxication invokes multiple, often antagonistic cardiovascular responses in the healthy, 

adaptive system that may serve to stabilize BP and cardiovascular integrity. Future studies 

should focus on the uncoupling in these response patterns across the blood alcohol curve and 

as alcohol use disorders develop.
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Fig. 1. 
Differences in (A) mean heart rate and heart rate variability between groups. Heart rate 

variability was measured as (B) the standard deviation of all normal-to-normal intervals 

(SDNN), (C) the root mean square of successive differences (RMSSD), and (D) high 

frequency heart rate variability (HRV). Error bars represent standard error; ✜change in 

alcohol group, p < 0.01; §change in control group, p < 0.01.
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Fig. 2. 
Differences in mean stroke volume (top) and stroke volume variability (bottom) between 

groups pre- and post-beverage consumption. Error bars represent standard error; ✜change in 

alcohol group, p < 0.01.
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Fig. 3. 
Differences in vascular tone represented by mean pulse transit time (top) and pulse transit 

time variability (bottom) between groups from pre- and post-beverage consumption. Error 

bars represent standard error.
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Fig. 4. 
Differences in mean systolic blood pressure (top) and systolic blood pressure variability 

(bottom) between groups pre- and post-beverage consumption. Error bars represent standard 

error; ✜change in alcohol group, p < 0.01; §change in control group, p < 0.01.
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Fig. 5. 
Differences in baroreflex sensitivity pre- and post-beverage consumption in the heart rate 

(top), stroke volume (middle), and vascular tone (bottom) baroreflex branches. Error bars 

represent standard error; ✜change in alcohol group, p < 0.01.
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Fig. 6. 
Graphical depiction of the relationships between pre- to post-beverage changes in heart rate 

and stroke volume (A), heart rate and pulse transit time (B), and stroke volume and pulse 

transit time (C) in each participant.
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Fig. 7. 
Graphical depiction of the relationship between pre- to post-beverage changes in systolic 

blood pressure (ΔSAP) to changes heart rate (top), stroke volume (middle), and pulse transit 

time (bottom) is shown.
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Table 1

Participant Characteristics

Control
(n = 24)

Placebo
(n = 24)

Alcohol
(n = 24)

Sex (% female) 46% 50% 50%

Agea 21.7 (0.9) 21.6 (0.9) 21.8 (1.1)

Years of educationa 15.5 (0.8) 15.5 (1.0) 15.2 (2.1)

Racea

    White 64% 55% 57%

    Black/African American 14% 9% 9%

    Asian 14% 23% 22%

    Other 9% 14% 13%

Family history of alcoholism 13% 13% 17%

# Drinking occasions in

past 30 daysb
5.8 (5.4) 6.8 (4.8) 5.0 (4.7)

Typical # drinks per

occasion in past 30 daysb
4.5 (1.8) 5.2 (2.0) 4.91.8

Alcohol Dependence Scaleb 5.3 (3.2) 5.8 (2.3) 5.9 (3.3)

Rutgers Alcohol Problem Indexb 6.3 (5.9) 8.3 (6.8) 6.5 (5.0)

Beck Anxiety Inventoryb 4.4 (4.9) 3.1 (3.2) 2.9 (2.7)

Beck Depression Inventoryb 5.2 (5.4) 3.9 (3.5) 3.6 (3.8)

a
Demographic data were missing for 5 individuals.

b
Assessed over past 30 days.

Data are presented as mean ± standard deviation (in parentheses) or percent endorsing item

Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 August 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Buckman et al. Page 23

Ta
b

le
 2

A
ve

ra
ge

 C
ar

di
ov

as
cu

la
r 

A
ct

iv
ity

 B
ef

or
e 

an
d 

A
ft

er
 B

ev
er

ag
e 

C
on

su
m

pt
io

n 
an

d 
Si

gn
if

ic
an

ce
 o

f 
D

if
fe

re
nc

es
 B

et
w

ee
n 

R
ea

ct
io

ns
 to

 J
ui

ce
 (

C
on

tr
ol

),
 a

n 

In
ac

tiv
e 

D
os

e 
of

 A
lc

oh
ol

 (
Pl

ac
eb

o)
, o

r 
an

 A
ct

iv
e 

D
os

e 
of

 A
lc

oh
ol

 (
A

lc
oh

ol
)

C
on

tr
ol

P
la

ce
bo

A
lc

oh
ol

M
ai

n 
E

ff
ec

t 
T

im
e

F
G

ro
up

 ×
 T

im
e 

In
te

ra
ct

io
n

F

H
ea

rt
 r

at
e 

(b
ea

ts
 p

er
 m

in
ut

e)

   
 P

re
-b

ev
er

ag
e

69
.6

 ±
 8

.4
66

.2
 ±

11
.0

66
.9

 ±
 9

.9
51

.2
4*

11
.2

1*

   
 P

os
t-

be
ve

ra
ge

71
.4

 ±
 8

.4
67

.4
 ±

 1
0.

6
72

.8
 ±

 9
.8

   
 C

ha
ng

e
1.

8*
*  

(d
 =

 0
.1

7)
1.

2 
(d

 =
 0

.1
1)

5.
9*

*  
(d

 =
 0

.6
0)

St
ro

ke
 v

ol
um

e 
(m

l)

   
 P

re
-b

ev
er

ag
e

70
.5

 ±
 1

2.
2

72
.2

 ±
 1

7.
7

69
.7

 ±
 1

5.
7

2.
66

5.
22

*

   
 P

os
t-

be
ve

ra
ge

69
.6

 ±
 1

3.
3

73
.3

 ±
 1

6.
4

63
.1

 ±
 9

.9

   
 C

ha
ng

e
−

0.
9 

(d
 =

 0
.0

7)
1.

1 
(d

 =
 0

.0
6)

−
6.

6*
*  

(d
 =

 0
.4

5)

Pu
ls

e 
tr

an
si

t t
im

e 
(m

s)

   
 P

re
-b

ev
er

ag
e

28
3.

8 
±

 1
9.

0
28

5.
7 

±
 2

6.
3

28
9.

9 
±

 2
6.

9
35

.0
2*

2.
36

   
 P

os
t-

be
ve

ra
ge

27
5.

1 
±

 1
3.

4
27

9.
0 

±
 2

3.
0

28
6.

4 
±

 2
2.

1

   
 C

ha
ng

e
−

8.
7 

(d
 =

 0
.4

7)
−

6.
7 

(d
 =

 0
.2

7)
−

3.
5 

(d
 =

 0
.1

4)

Sy
st

ol
ic

 b
lo

od
 p

re
ss

ur
e 

(m
m

H
g)

   
 P

re
-b

ev
er

ag
e

11
7.

0 
±

 1
3.

1
12

6.
2 

±
 1

9.
2

11
6.

9 
±

 1
3.

5
7.

01
*

9.
54

*

   
 P

os
t-

be
ve

ra
ge

12
5.

9 
±

 1
3.

2
13

0.
7 

±
 1

8.
2

11
3.

2 
±

 1
2.

6

   
 C

ha
ng

e
8.

9*
*  

(d
 =

 0
.6

8)
4.

5 
(d

 =
 0

.2
4)

−
3.

7 
(d

 =
 0

.2
9)

M
ea

n 
ar

te
ri

al
 b

lo
od

 p
re

ss
ur

e 
(m

m
H

g)

   
 P

re
-b

ev
er

ag
e

79
.8

 ±
 1

0.
1

83
.5

 ±
 1

3.
9

80
.1

 ±
 8

.7
13

.2
1*

5.
89

*

   
 P

os
t-

be
ve

ra
ge

85
.4

 ±
 9

.6
85

.7
 ±

 1
2.

9
79

.9
 ±

 9
.7

   
 C

ha
ng

e
5.

6*
*  

(d
 =

 0
.5

7)
2.

2 
(d

 =
 0

.1
7)

−
0.

2 
(d

 =
 0

.0
3)

St
at

is
tic

al
 a

na
ly

se
s 

pe
rf

or
m

ed
 u

si
ng

 lo
g-

tr
an

sf
or

m
ed

 v
ar

ia
bl

es
, e

xc
ep

t h
ea

rt
 r

at
e.

* F 
si

gn
if

ic
an

t a
t p

 <
 0

.0
5;

**
pa

ir
w

is
e 

co
m

pa
ri

so
ns

 s
ho

w
ed

 s
ig

ni
fi

ca
nt

 c
ha

ng
es

 p
re

- 
to

 p
os

t-
be

ve
ra

ge
 c

on
su

m
pt

io
n,

 p
 <

 0
.0

1.

A
ll 

in
di

ce
s 

pr
es

en
te

d 
as

 m
ea

n 
±

 s
ta

nd
ar

d 
de

vi
at

io
n.

 C
oh

en
’s

 d
 w

as
 c

om
pu

te
d 

to
 e

st
im

at
e 

ef
fe

ct
 s

iz
es

.

Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 August 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Buckman et al. Page 24

Ta
b

le
 3

V
ar

ia
bi

lit
y 

of
 C

ar
di

ov
as

cu
la

r 
Fu

nc
tio

ns
 B

ef
or

e 
an

d 
A

ft
er

 B
ev

er
ag

e 
C

on
su

m
pt

io
n 

an
d 

Si
gn

if
ic

an
ce

 o
f 

D
if

fe
re

nc
es

 B
et

w
ee

n 
G

ro
up

s 
in

 R
es

po
ns

e 
to

 

B
ev

er
ag

e 
C

on
su

m
pt

io
n

C
on

tr
ol

P
la

ce
bo

A
lc

oh
ol

M
ai

n 
E

ff
ec

t 
T

im
e

F

G
ro

up
 ×

 T
im

e
In

te
ra

ct
io

n
F

H
ea

rt
 r

at
e 

va
ri

ab
ili

ty
 (

H
R

V
)

  p
N

N
50

 (
%

)

   
 P

re
-b

ev
er

ag
e

31
.5

 ±
 2

3.
9

41
.9

 ±
 1

8.
2

34
.0

 ±
 2

3.
2

7.
33

*
14

.8
9*

   
 P

os
t-

be
ve

ra
ge

32
.3

 ±
 2

4.
4

45
.5

 ±
 1

8.
9

21
.4

 ±
 1

9.
9

   
 C

ha
ng

e
0.

8 
(d

 =
 0

.0
3)

3.
6 

(d
 =

 0
.1

9)
−

12
.6

**
 (

d 
=

 0
.5

8)

  S
D

N
N

 (
m

s)

   
 P

re
-b

ev
er

ag
e

57
.2

 ±
 2

3.
1

69
.1

 ±
 1

7.
8

63
.8

 ±
 2

7.
5

6.
40

*
11

.6
1*

   
 P

os
t-

be
ve

ra
ge

61
.5

 ±
 2

7.
3

70
.5

 ±
 2

0.
2

50
.6

 ±
 2

0.
2

   
 C

ha
ng

e
4.

3 
(d

 =
 0

.1
7)

1.
4 

(d
 =

 0
.0

7)
−

13
.2

**
 (

d 
=

 0
.5

5)

  R
M

SS
D

 (
m

s)

   
 P

re
-b

ev
er

ag
e

54
.3

 ±
 3

1.
7

65
.6

 ±
 2

6.
5

59
.0

 ±
 3

4.
8

11
.4

4*
20

.1
9*

   
 P

os
t-

be
ve

ra
ge

58
.6

 ±
 3

8.
5

69
.7

 ±
 2

6.
8

41
.5

 ±
 2

4.
2

   
 C

ha
ng

e
4.

3 
(d

 =
 0

.1
2)

4.
1 

(d
 =

 0
.1

5)
−

17
.5

**
 (

d 
=

 0
.4

2)

  H
ig

h 
fr

eq
ue

nc
y 

H
R

V
 (

m
s2 )

   
 P

re
-b

ev
er

ag
e

12
79

.0
 ±

 1
46

0.
3

14
24

.4
 ±

 1
65

8.
9

12
56

.8
 ±

 1
36

3.
5

14
.6

6*
23

.0
9*

   
 P

os
t-

be
ve

ra
ge

14
85

.8
 ±

 2
00

6.
1

15
56

.4
 ±

 1
38

1.
6

52
2.

4 
±

 6
25

.0

   
 C

ha
ng

e
20

6.
8 

(d
 =

 0
.1

2)
13

2.
0 

(d
 =

 0
.0

9)
−

73
4.

4*
*  

(d
 =

 0
.7

0)

  L
ow

 f
re

qu
en

cy
 H

R
V

 (
m

s2 )

   
 P

re
-b

ev
er

ag
e

99
4.

2 
±

 8
64

.7
15

75
.4

 ±
 1

11
0.

4
14

24
.4

 ±
 1

37
9.

4
2.

44
1.

68

   
 P

os
t-

be
ve

ra
ge

87
9.

6 
±

 5
66

.0
14

69
.4

 ±
 1

44
7.

7
99

5.
0 

±
 9

70
.1

   
 C

ha
ng

e
−

11
4.

6 
(d

 =
 0

.1
5)

−
10

6.
0 

(d
 =

 0
.0

8)
−

42
9.

4 
(d

 =
 0

.3
5)

St
ro

ke
 v

ol
um

e 
va

ri
ab

ili
ty

 (
m

l)

  P
re

-b
ev

er
ag

e
5.

9 
±

1.
8

6.
6 

±
 2

.1
6.

0 
±

 2
.2

0.
59

2.
18

  P
os

t-
be

ve
ra

ge
6.

3 
±

 2
.6

6.
7 

±
1.

9
4.

9 
±

1.
4

  C
ha

ng
e

0.
4 

(d
 =

 0
.1

6)
0.

1 
(d

 =
 0

.0
4)

−
1.

1 
(d

 =
 0

.5
3)

Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 August 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Buckman et al. Page 25

C
on

tr
ol

P
la

ce
bo

A
lc

oh
ol

M
ai

n 
E

ff
ec

t 
T

im
e

F

G
ro

up
 ×

 T
im

e
In

te
ra

ct
io

n
F

Pu
ls

e 
tr

an
si

t t
im

e 
va

ri
ab

ili
ty

 (
m

s)

  P
re

-b
ev

er
ag

e
5.

6 
±

1.
2

5.
9 

±
1.

9
5.

9 
±

1.
6

8.
93

*
0.

60

  P
os

t-
be

ve
ra

ge
5.

4 
±

1.
1

5.
4 

±
1.

4
5.

3 
±

1.
0

  C
ha

ng
e

−
0.

2 
(d

 =
 0

.1
4)

−
0.

5 
(d

 =
 0

.3
1)

−
0.

5 
(d

 =
 0

.4
5)

Sy
st

ol
ic

 b
lo

od
 p

re
ss

ur
e 

va
ri

ab
ili

ty
 (

m
m

H
g)

  P
re

-b
ev

er
ag

e
5.

8 
±

 2
.0

6.
3 

±
1.

8
6.

1 
±

 1
.5

7.
27

*
5.

29
*

  P
os

t-
be

ve
ra

ge
5.

6 
±

1.
9

6.
4 

±
 2

.0
4.

9 
±

1.
4

  C
ha

ng
e

−
0.

2 
(d

 =
 0

.1
4)

0.
1 

(d
 =

 0
.0

6)
−

1.
2*

*  
(d

 =
 0

.8
6)

SD
N

N
, s

ta
nd

ar
d 

de
vi

at
io

n 
of

 n
or

m
al

-t
o-

no
rm

al
 in

te
rv

al
s;

 R
M

SS
D

, s
qu

ar
e 

ro
ot

 o
f 

th
e 

m
ea

n 
sq

ua
re

d 
di

ff
er

en
ce

s 
of

 s
uc

ce
ss

iv
e 

no
rm

al
-t

o-
no

rm
al

 in
te

rv
al

s.

* F 
si

gn
if

ic
an

ta
t p

 <
 0

.0
5;

**
pa

ir
w

is
e 

co
m

pa
ri

so
ns

 s
ho

w
ed

 s
ig

ni
fi

ca
nt

 c
ha

ng
es

 p
re

- 
to

 p
os

t-
be

ve
ra

ge
 c

on
su

m
pt

io
n,

 p
 <

 0
.0

1;
 d

 r
ef

le
ct

s 
C

oh
en

’s
 d

 e
ff

ec
t s

iz
e 

fo
r 

re
pe

at
ed

 m
ea

su
re

s.

A
ll 

in
di

ce
s 

pr
es

en
te

d 
as

 m
ea

n 
±

 s
ta

nd
ar

d 
de

vi
at

io
n;

 a
ll 

an
al

ys
es

 w
er

e 
pe

rf
or

m
ed

 o
n 

lo
g-

tr
an

sf
or

m
ed

 v
ar

ia
bl

es
, e

xc
ep

t f
or

 p
N

N
50

 (
pe

rc
en

t o
f 

ad
ja

ce
nt

 n
or

m
al

-t
o-

no
rm

al
 in

te
rv

al
 p

ai
rs

 d
if

fe
ri

ng
 b

y 
>

50
 m

s)
.

Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 August 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Buckman et al. Page 26

Ta
b

le
 4

Se
ns

iti
vi

tie
s 

of
 C

ar
di

ov
as

cu
la

r 
Fu

nc
tio

ns
 B

ef
or

e 
an

d 
A

ft
er

 B
ev

er
ag

e 
C

on
su

m
pt

io
n 

an
d 

Si
gn

if
ic

an
ce

 o
f 

D
if

fe
re

nc
es

 B
et

w
ee

n 
A

lc
oh

ol
, P

la
ce

bo
, a

nd
 

C
on

tr
ol

 G
ro

up
s 

in
 R

es
po

ns
e 

to
 B

ev
er

ag
e 

C
on

su
m

pt
io

n

C
on

tr
ol

P
la

ce
bo

A
lc

oh
ol

M
ai

n 
E

ff
ec

t 
T

im
e

F
G

ro
up

 ×
 T

im
e 

In
te

ra
ct

io
n

F

H
ea

rt
 r

at
e 

ba
ro

re
fl

ex
 s

en
si

tiv
ity

a

   
 P

re
-b

ev
er

ag
e

14
.0

 ±
 7

.2
13

.2
 ±

 3
.9

11
.7

 ±
 8

.7
0.

77
0.

44

   
 P

os
t-

be
ve

ra
ge

14
.8

 ±
 1

2.
7

14
.8

 ±
 7

.0
12

.3
 ±

 6
.4

   
 C

ha
ng

e
0.

4 
(d

 =
 0

.0
7)

−
1.

6 
(d

 =
 0

.2
6)

−
0.

6 
(d

 =
 0

.0
9)

St
ro

ke
 v

ol
um

e 
ba

ro
re

fl
ex

 s
en

si
tiv

ity
a

   
 P

re
-b

ev
er

ag
e

0.
70

 ±
 0

.4
0.

69
 ±

 0
.3

0.
66

 ±
 0

.4
0.

39
0.

12

   
 P

os
t-

be
ve

ra
ge

0.
75

 ±
 0

.4
0.

70
 ±

 0
.3

0.
65

 ±
 0

.3

   
 C

ha
ng

e
0.

05
 (

d 
=

 0
.1

5)
0.

01
 (

d 
=

 0
.0

0)
−

0.
01

 (
d 

=
 0

.0
3)

V
as

cu
la

r 
to

ne
 b

ar
or

ef
le

x 
se

ns
iti

vi
ty

a

   
 P

re
-b

ev
er

ag
e

0.
86

 ±
 0

.4
0.

70
 ±

 0
.4

0.
70

 ±
 0

.4
0.

16
8.

88
*

   
 P

os
t-

be
ve

ra
ge

0.
74

 ±
 0

.3
0.

60
 ±

 0
.3

0.
90

 ±
 0

.3

   
 C

ha
ng

e
−

0.
12

 (
d 

=
 0

.3
4)

−
0.

10
 (

d 
=

 0
.2

8)
0.

20
**

 (
d 

=
 0

.4
5)

a B
ar

or
ef

le
x 

se
ns

iti
vi

ty
 is

 th
e 

ch
an

ge
 in

 h
ea

rt
 r

at
e,

 s
tr

ok
e 

vo
lu

m
e,

 a
nd

 p
ul

se
 tr

an
si

t t
im

e 
in

 r
es

po
ns

e 
to

 1
 m

m
H

g 
ch

an
ge

 in
 s

ys
to

lic
 b

lo
od

 p
re

ss
ur

e.

* F 
si

gn
if

ic
an

t a
t p

 <
 0

.0
5;

**
pa

ir
w

is
e 

co
m

pa
ri

so
ns

 s
ho

w
ed

 s
ig

ni
fi

ca
nt

 c
ha

ng
es

 p
re

- 
to

 p
os

t-
be

ve
ra

ge
 c

on
su

m
pt

io
n,

 p
 <

 0
.0

1;
 d

 r
ep

re
se

nt
s 

C
oh

en
’s

 d
 e

ff
ec

t s
iz

e 
fo

r 
re

pe
at

ed
 m

ea
su

re
s.

A
ll 

in
di

ce
s 

pr
es

en
te

d 
as

 m
ea

n 
w

ith
 ±

 s
ta

nd
ar

d 
de

vi
at

io
n;

 a
ll 

st
at

is
tic

al
 a

na
ly

se
s 

w
er

e 
pe

rf
or

m
ed

 o
n 

lo
g-

tr
an

sf
or

m
ed

 v
ar

ia
bl

es
.

Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 August 03.


	Abstract
	MATERIALS AND METHODS
	Participants
	Procedures
	Measures
	Analysis

	RESULTS
	DISCUSSION
	References
	Fig. 1
	Fig. 2
	Fig. 3
	Fig. 4
	Fig. 5
	Fig. 6
	Fig. 7
	Table 1
	Table 2
	Table 3
	Table 4

