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Abstract

Objectives—The aim of this study was to characterize cardiac reactivity measures, heart rate

(HR) and heart rate variability (HRV), following acute intravenous (IV) alcohol administration

and their association with subjective responses in social drinkers.

Methods—24 subjects (11 females) received IV alcohol infusions to attain and clamp the breath

alcohol concentration (BrAC) at 50 mg% or placebo in separate sessions. Serial 5-min cardiac

recordings at baseline and during the infusion were analyzed to obtain frequency and time-domain

cardiac measures. Self-reported subjective perceptions were also obtained at the same time-points.

Results—HR showed significant decreases from baseline, while the HRV measure pNN50

showed steady increases during the ascending phase of alcohol infusion. HR was inversely

correlated with pNN50 across time and treatment. There was a significant association of HR with

subjective feelings of high, intoxication, feelings and liking of drug effects across time during the

ascending phase.

Conclusions—Acute IV alcohol resulted in decreases in HR and increases in HRV consistent

with autonomic parasympathetic activation. The association of these changes with subjective

responses suggests that cardiac reactivity may serve as a physiological marker of subjective

alcohol effects. This study broadens the understanding of acute cardiovascular effects of alcohol

and clinically significant cardiac conditions like arrhythmia and cardiomyopathy associated with

chronic alcohol drinking.
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INTRODUCTION

Cardiac physiology is well-established to be influenced by alcohol with studies

demonstrating effects of acute alcohol exposure on heart rate (HR), cardiac output, and

blood pressure. In healthy individuals, alcohol ingestion has acute cardiovascular and

autonomic effects that depend on the time elapsed after alcohol intake (Bau et al., 2011).

These autonomic effects may include parasympathetic (vagal) impulses acting on the

muscarinic receptors to generate bradycardia and sympathetic nerve impulses acting on the

beta-adrenergic receptors (with the withdrawal of parasympathetic impulses) to induce

tachycardia (Fauci et al., 2008). Alcohol can enhance these autonomic effects acting on the

sympathetic system elevating HR (Ray et al., 2006), and influencing elevated

parasympathetic vagal tone following acute intake that may lead to intoxication, bradycardia

and hypotension (Eliaser and Giansiracusa, 1956; Trappe 2010). Some studies involving

healthy populations suggest that acute alcohol effects support vagal mediation (Newlin et

al., 1990), and smaller HR increases, indicating reduction of sympathetic influences at

higher doses of alcohol, have been reported (Levenson et al., 1980). There are a limited

number of reports of acute alcohol-induced decreases in HR (Friedman, 1984; Tsutsui et al.,

1992; Trejbal and Mitro, 2008), with one study suggesting that alcohol’s negative ionotropic

effect may be masked by autonomic nervous system (ANS) regulation (Child et al., 1979).

Alcohol also appears to have long-term effects on cardiac function. Chronic alcoholics

demonstrate cardiac dysfunction, indicated by high HR and lowered heart rate variability

(HRV) with moderate alcoholic doses (Metgaard and Somnier, 1981; Weise et at., 1986).

Altered cardiac reactivity to alcohol-related cues has also been shown in alcoholics. High-

craving alcoholics showed an immediate HR deceleration following exposure to masked and

non-consciously accessible alcohol pictures (Hauser et al., 2003). More recently, Garland et

al. (2012) have demonstrated a relationship between cue-elicited heart rate variability and

relapse in alcoholics. Another recent study indicated that lower resting heart rate variability

is associated with higher craving in alcohol dependent outpatients (Quintana et al., 2013a).

Almost all the studies examining cardiac responses to alcohol have been conducted using

oral drinking paradigms, with responses measured across a range of alcohol concentrations

(Romanowicz et al., 2011), and many have attempted to evaluate acute psychological and

physiological responses (for example, intoxication, craving, cue-reactivity) to the patterns of

exposure (Brunelle et al., 2004; Brunelle et al., 2007). Studies have shown significant

changes in heart rate following acute oral alcohol along the ascending limb of the BrAC-

time curve (Conrod et al., 1997). Studies have also shown associations between this heart-

rate increase and subjective perceptions of stimulation (Brunelle et al., 2007), suggesting

that sensitivity to alcohol-induced heart rate stimulation during the ascending limb of the

blood alcohol curve may be a useful and informative marker for understanding susceptibility

to alcoholism (Conrod et al., 2001).

Cardiac physiology has very rapid and complex endogenous and exogenous regulatory

mechanism (Sizarov et al., 2011), which can present challenges in precise characterization

of instantaneous psycho-physiological responses. In addition, the substantial variability in

alcohol absorption kinetics following oral administration has limited the scope of accurate
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description of the immediate cardiac response to alcohol exposure, as well as the effect of

the phase (ascending or descending) of the blood alcohol concentration vs. time curve. Thus,

the objective of our study was to examine the effects of acute intravenous (IV) alcohol

administration on measures of cardiac reactivity – heart rate and heart rate variability – in

social drinkers. We hypothesized that acute IV alcohol administration would result in

changes in heart rate and heart-rate variability in social drinkers, and that the effect of

alcohol on HR and HRV would be associated with subjective responses to alcohol. We used

the IV alcohol clamp method to achieve and maintain a precise target breath alcohol

concentration, thus minimizing the substantial inter-individual variability in alcohol

exposure following oral administration (Ramchandani et al., 1999; Ramchandani et al.,

2006). This study was conducted in male and female social drinkers in two age groups –

younger (21–25 years) and older (55–65 years), which provided an opportunity to examine

the influence of sex and age on alcohol-induced changes in heart rate and heart rate

variability. This was particularly relevant since studies have demonstrated significant effects

of age and sex on baseline measures of HR and HRV in healthy adults (Agelink et al., 2001;

Koskinen et al., 2009).

METHODS

Study Population

Data was collected as a part of a larger study examining the effects of age and sex on

alcohol metabolism and response, and was approved by the Combined Neuroscience

Institutional Review Board at the NIH. Participants were enrolled following written

informed consent. The study sample consisted of a total of 24 (13 male and 11 female) non-

smoking participants, aged 21–65 years, in good health as determined by a screening

evaluation consisting of medical and psychiatric history and physical exam conducted by the

study physician, electrocardiogram, and lab tests. Females of child-bearing potential had a

negative urine pregnancy (human chorionic gonadotropin hormone, HCG) test prior to each

study session. Older females were postmenopausal for at least one year prior to participation

in the study.

Participants were excluded from the study, based on the results of the screening evaluation,

if they had a current or prior history of cardiovascular, respiratory, gastrointestinal, hepatic,

renal, endocrine, or reproductive disorders; current history of Axis-I psychiatric illness;

current or prior history of any alcohol or drug dependence or abuse; positive urine drug

screen for illicit drugs; self-reported abstention from alcohol; pregnancy or intention to

become pregnant; menstrual cycle irregularities; use of oral contraceptive pills in female

subjects; or use of prescription or over-the-counter (OTC) medications known to interact

with alcohol within two weeks of the study. Table 1 lists morphometric information on the

subjects, stratified into 4 sub-groups based on age and gender, as well as measures of recent

drinking obtained during the weeks prior to the study sessions, including total standard

drinks per week, number of drinking days per week, number of drinks per drinking day, and

interval (in days) between most recent alcohol use prior to each study session.
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Study Design

This was a two-session, randomized, placebo-controlled, single-blind study. Participants

received, in separate sessions in counter-balanced order, infusions of alcohol or saline

(placebo) to achieve and maintain target breath alcohol concentrations (BrAC) of 50 mg% or

0 mg% (for placebo sessions). This target BrAC level is associated with the consumption of

2–3 alcoholic beverages in a social setting by social drinkers. The typical interval between

study sessions was seven days, with a range of three to thirty days to accommodate

individual and clinic schedules as well as to allow all younger women to be tested in the

follicular phase of their menstrual cycles.

Procedures

During each session, participants arrived at the NIH Clinical Center at approximately

7:00AM, having fasted since midnight prior to the study session. A breathalyzer test was

performed to ensure zero alcohol concentrations using the handheld breathalyzer Alcotest

7410 plus (Draeger Safety Inc., Co), and a urine beta-hCG test was performed on the female

subjects to ensure that they were not pregnant at the start of each study session. Participants

received a light breakfast (~300 Kcal) approximately 1 hour prior to the infusion in an

attempt to standardize the effects of food on alcohol pharmacokinetics during the study

(Ramchandani et al., 2001). An in-dwelling intravenous catheter was inserted into the ante-

cubital vein of the non-dominant arm using sterile technique; this catheter was used for

alcohol or placebo infusion and blood sampling.

Subjects received infusions of either 6% v/v alcohol or 0.9% normal saline administered in

counter-balanced order between sessions. The infusion was based on a rate-profile

physiologically-based pharmacokinetic model for alcohol (Ramchandani et al., 1999) using

individualized estimates of the model parameters, which were based on the participant’s

height, weight, age, gender. The profile consists of an exponentially increasing infusion rate

from the start of the infusion until the target breath alcohol concentration (BrAC) of 50 mg%

was reached at 15 min, followed by an exponentially decreasing infusion rate, which tapered

to a constant steady-state value to maintain (or “clamp”) the BrAC at the target value for a

predetermined duration of 165 min. For the placebo session, participants received an

infusion of 0.9% saline using the identical infusion rate profile as that for the alcohol session

to ensure identical fluid exposure. Serial BrAC measurements were obtained using the

breathalyzer approximately every 5 min during both sessions, to ensure that the BrACs were

within 5 mg% of the target and to enable minor adjustments to the infusion rates to

overcome errors in parameter estimation and experimental variability (Ramchandani et al.,

1999; Ramchandani and O’Connor, 2006). At the end of 3 hours, the infusion was

terminated. BrAC measurements were obtained every 15–30 min until BrAC fell below 20

mg% after which the participant was provided with a meal and discharged.

Dependent Measures

HR was recorded using the MiniLogger Series ML-2000 system (Mini Mitter, Bend OR).

This telemetric device uses a remote chest transponder attached to the chest with the help of

electrodes, which relays each interbeat interval (N-N interval in Hertz (Hz)) back to it

wirelessly. The electrodes were placed following insertion of the IV catheter, and HR
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recorded continuously, starting at least 15 min prior to the start of the infusion and ending

approximately 15-min after the end of the infusion. The MiniLogger system has been

documented to have very high accuracy (± 1 beat), resolution (1 beat per min), range (0–250

beats per min), and interbeat interval monitoring accuracy (± 1 millisecond or 1000 Hz)

(MiniLogger Instrument Manual), as well as reliability (intra-class correlation coefficients

ranging from 0.84–0.93) (Troutman et al., 1999). At the end of the session, the data were

downloaded to a PC, cleaned to remove artifacts using the ML-2000 software, and

assembled into a spreadsheet for further analysis.

Subjective response to alcohol was measured using self-report questionnaires including the

Drug Effects Questionnaire (DEQ) (Jameson et al., 1989; de Wit and McCraken, 1990) and

a visual analog scale measuring feelings of high and intoxication. The measures were

obtained at baseline and serially during the infusion at 0, 5, 15, 30, 60, 90, 120, 135, 150 and

165 min following the start of infusion for 5 min at each of the time-points.

Data Analysis

The raw data for each session were processed, using in-house software developed in Matlab

(Mathworks Inc., Natick, MA) to extract HR measures. A 5-min epoch just prior to the start

of the infusion was processed to obtain baseline measures. Following the start of the

infusion (time= 0 min), 5-min epochs were processed at the following intervals to obtain the

dependent measures: 0–5, 5–10, 15–20, 30–35, 60–65, 90–95, 105–110, 120–125, 135–140,

150–155, 165–170, 175–180 min. Given that electrical artifacts may be present in any HRV

data (Berntson and Stowell, 1998), each epoch was filtered using the processing software to

automatically remove electromagnetic field interference (values > 4000 Hz), and then

visually inspected for respiratory or other artifacts. A few epochs (7% and 17% of the

epochs for the alcohol and placebo sessions, respectively) had to be excluded from analyses

due to a large proportion of artifacts or electromagnetic field interference, or technical errors

in data collection or download from the instrument.

The primary measures obtained at each time-point were mean heart rate (MHR), measured

as the average NN interval in each epoch, and SDNN, the standard deviation of the NN

interval in each epoch. Additional cardiac measures, as defined by the Task Force of the

European Society of Cardiology and The North American Society of Pacing and

Electrophysiology (Malik, 1996) included: (1) NN50 (the number of successive NN intervals

that differ by more than 50 ms), (2) pNN50 (NN50 count divided by the total number of all

NN intervals), (3) RMSSD (root mean square of mean squared difference of successive NN

intervals), (4) Total Power (TP) measured as the variation in HRV of all NN intervals across

the frequency range (0.04 – 0.4 Hz), and (5) LF/HF ratio (low frequency [total spectral

power of all the NN intervals between 0.04 and 0.15 Hz]/high frequency [total power of all

NN intervals between 0.15 and 0.4 Hz]).

Change in HR frequency and variability measures and subjective response were evaluated,

in separate analyses, across treatment groups (alcohol vs. placebo) and time using repeated-

measures analysis of variance (RM-ANOVA). Sex and age and measures of recent drinking

history were included as covariates in the analysis. Data were analyzed using mixed effects

models (proc mixed) in SAS (version 9.3, SAS Institute Inc., Cary, NC). Association
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between HR measures and subjective response was examined using regression analysis.

Since the main effect of alcohol on HR measures were seen during the ascending limb (first

15 min of infusion), the association analysis of HR measures and subjective responses were

limited to the ascending limb of the BrAC-time curve. Regression analyses were conducted

using SPSS version 19.0 (SPSS Inc., Chicago, IL).

RESULTS

HR and HRV: Time and Treatment Effects

The time course of mean HR (MHR) showed a reduction from baseline values during the

first 15 min of the infusion, (i.e., during the ascending phase of the BrAC-time curve) for

both alcohol and placebo sessions, with no consistent changes during the clamp phase of the

infusion. Given this pattern of response, we focused on changes during the ascending limb

of the BrAC-time curve, and comparison of MHR by time between sessions (Figure 1)

indicated a significant treatment x time interaction (F (3, 30) = 4.36, p = 0.012), with post-

hoc tests indicating significant differences between alcohol and placebo sessions at the 0–5

min (p = 0.0009) and 5–10 min (p = 0.039) epochs. There was also a significant age group X

treatment X time interaction (F (3, 30) = 4.88, p = 0.007), with post-hoc tests indicating

greater alcohol-induced decrease in heart rate at the 0–5 min and 5–10 min epochs in older

compared to the younger subjects.

Heart rate variability, as measured by SDNN, showed a small initial decrease in the alcohol

session and an initial increase in the placebo session, with values in both sessions returning

to nearly baseline values by 15 min. These effects did not reach statistical significance,

although there was a significant time X age group interaction (F (3, 50) = 4.54, p = 0.0069),

suggesting that there was a greater time-related effect in older subjects compared to the

younger subjects. There were no consistent effects seen for the RMSSD.

Another heart rate variability measure pNN50, showed a significant main effect of time (F

(3, 60) = 3.03, p = 0.036), and a treatment X time interaction during the ascending limb (F

(3, 23) = 3.58, p = 0.029). As illustrated in figure 2, the pNN50 showed a decrease during

the ascending limb of the placebo session that was suppressed during the alcohol session,

particularly at the 5–10 min epoch (p = 0.035). There was significant interactions of

treatment X sex (F (1, 20) = 6.25, p = 0.021), with females showing higher values than

males. The remaining HR and HRV measures, LF/HF ratio, RMSSD and NN50 did not

show consistent treatment or time effects in this sample.

Recent drinking history measures, including the interval between the most recent alcohol use

and each study session, had no effect on the dependent measures or treatment and time-

related effects. As anticipated, there was a significant association between the frequency and

time domain measures of HR and HRV. During alcohol session, MHR showed inverse

correlations with pNN50 (r = −0.27, p = 0.034) and RMSSD (r = −0.30, p = 0.012); while

RMSSD was strongly correlated with pNN50 (r = 0.73, p < 0.0001). During placebo session,

MHR was inversely correlated with pNN50 (r = −0.50, p = 0.004) and LF/HF was inversely

associated with NN50 (r = −0.52, p = 0.018).
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Association of HR with Subjective Response Measures

Examination of changes in subjective response measures showed monotonic increases in

subjective response with time during the ascending phase of the alcohol session, and

negligible changes during the placebo session. There were significant associations of

subjective measures of high, intoxication (measured with the SHAS) with time and HR,

indicating that time-related changes in heart rate were predictive of subjective measures of

high and intoxication following alcohol. There were significant time X treatment

interactions for subjective high (SHIH) (p < 0.001) and intoxication (SITX) (p < 0.001), as

well as DEQ measures of feeling drug effects (DFEEL) (p = 0.002) and feeling high (DHIH)

(p = 0.007). Given this pattern of responses, subsequent analysis of the association between

HR measures and subjective responses focused on changes during the alcohol session only.

Table 2 shows the results of the regression of subjective response measures as a function of

time and mean HR along with age group and sex. There were significant bivariate

correlations between MHR and subjective high (r = 0.51, p < 0.05) and between HR and

subjective intoxication (r = 0.57, p = 0.01). Age had a significant effect on subjective

measure of feeling high following alcohol. These subjective response analyses with placebo

were not significant.

A similar pattern was seen for measures of feeling drug effects, liking drug effects and

feeling high from the DEQ. Significant associations were seen with DEQ measures and time

and MHR; indicating that time-related changes in heart rate were predictive of subjective

measures of feeling and liking drug effects following alcohol. The correlation coefficients of

MHR with DEQ measures were moderate to high (Feeling drug effects: r = 0.59, Liking

drug effects: r = 0.51) at the significance level of 0.05.

DISCUSSION

The focus of the current study was to examine the effect of acute IV infusion of alcohol on

cardiac reactivity, and the association of these changes with subjective response to alcohol

in healthy individuals. The primary findings of this study were that acute IV alcohol resulted

in a decrease in heart rate, and an associated increase in heart rate variability during the

ascending phase of the IV infusion of alcohol compared with saline. These cardiac reactivity

changes were associated with increases in subjective measures of high, intoxication, feeling

drug effects, and liking drug effects. The pattern of heart rate changes following alcohol are

consistent with an autonomic parasympathetic effect of alcohol resulting in a depression of

cardiac contractility. Under placebo conditions, there was no significant relationship

between MHR and subjective measures.

Previous studies have demonstrated both increases and decreases in heart rate, sometimes

accompanied by increases in heart rate variability, that appear to vary with route of

administration, dose, time following administration, and phase (ascending vs. descending) of

the BrAC-time curve. Some studies have shown reductions in heart rate following alcohol

compared to placebo in humans (Newlin et al., 2007, Levenson et al., 1980, Kupari et al.,

1983, Weise et al., 1986), and animal models (Stratton et al., 1981). In these studies, the

changes have been attributed to an alcohol-induced increase in parasympathetic control of
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heart rate regulation, or an alcohol-induced decrease in sympathetic tone. There are other

studies that have demonstrated increases in heart rate following alcohol exposure (Conrod et

al., 2001; Brunelle et al., 2004; Ray et. al, 2006; Bau et al., 2011). In these studies, the

increased heart rate was attributed to an increase sympathetic arousal following oral alcohol

administration. In our study, alcohol was administered systemically and resulted in a

decrease in heart rate that may be a result of increased parasympathetic drive or decreased

sympathetic tone (Weise et al., 1986, Polanczyk et al., 1998).

The current study also demonstrated an increase in heart rate variability, as measured by

pNN50, following IV alcohol relative to placebo. pNN50 represents the parasympathetic

change during respiratory changes (Calvert, 1998; Sztajzel, 2004), and increased pNN50 has

been found to be associated with a decrease in vagus nerve activity (Malliani et al., 1994).

Decreased vagal tone, as measured by spectral analysis of HRV data, has also been reported

following oral alcohol ingestion (Levanon et al., 2002). The increase in the pNN50 values

during the ascending phase of the alcohol infusion compared to placebo supports the

hypothesis that the pharmacological effects of alcohol may be a result of increased

parasympathetic influences. Not unexpectedly, the decrease in HR was inversely correlated

with increase in the heart rate variability measure pNN50. This may be explained by the fact

that a lower heart rate would result in elongation of the NN interval and a reduced number of

NN events, and consequently a lower proportion of NN intervals that differed by more than

50 ms during the measured interval.

The effect of IV alcohol on HRV measures in this study contrast the findings of previous

studies that have demonstrated decreases in measures of HRV following oral alcohol

administration (Koskinen et al., 1994; Vaschillo et al., 2008; also see review by

Romanowicz et al., 2011). Indeed, most studies have reported reductions in HRV following

acute alcohol administration, although all but one of these studies used oral alcohol

administration. A previous study using IV alcohol did not find changes in HRV, although

the participants in that study were males with coronary heart disease that received IV

alcohol to a much higher target blood alcohol level of 120 mg% (Rossinen et al., 1999). The

review by Romanowicz (2011) also emphasized the wide variance in alcohol effects on

HRV as a function of route of administration, dose, resulting breath alcohol levels, as well

as inter-individual variation in response. It is possible that the difference between the

findings of the current study and previous studies is due to the use of the IV route of

administration in the current study, which provides a rapid controlled increase in systemic

exposure to the target level (50 mg%), which may have activated parasympathetic

mechanisms resulting in increased HRV. Additionally, the findings of this study are

consistent with a recent study demonstrating increased HRV in moderate drinkers compared

to abstainers (Quintana et al., 2013b). Another recent review indicates that use of alcohol

approximating 1 to 2 standard drinks is associated with increased HRV compared with

abstention or less frequent use (Karypak, 2013). This review also indicates that heavier use

of alcohol may be associated with decreased HRV, suggesting a J-shaped relationship

between alcohol use and HRV changes.

Results also indicated the influence of age and sex on the cardiac reactivity induced by

alcohol in this study. There was a greater alcohol-induced decrease in heart rate during the
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ascending phase in the older subjects, as well as a greater time-related effect of alcohol on

SDNN in the older subjects. While age-related influences on the cardiovascular and other

pharmacodynamic effects of acute alcohol administration have not been well-studied, the

current findings are consistent with other reports of greater sensitivity to alcohol and other

psychopharmacological agents in older individuals (Kalant, 1998, Bowie and Slattum,

2007).

The changes in heart rate and heart rate variability following alcohol were associated with

increased subjective responses to alcohol on measures of high, intoxication, feeling drug

effects, and liking drug effects. The changes in cardiac reactivity during the ascending phase

of the BrAC-time curve, when subjective perceptions of alcohol’s effects are also increasing

in intensity, suggest a relationship between these cardiac and behavioral changes. While

causality cannot be determined from these data, they do imply that they may be related.

Similar associations between cardiac responses and subjective responses to alcohol have

been previously reported, however in these studies, the increased subjective response was

associated with increases in heart rate seen following oral alcohol administration (Brunelle

et al., 2007; Conrod et al., 1997; Ray et al., 2006). On the other hand, our finding of

decreased heart rate associated with increased subjective response to alcohol is consistent

with previous reports (Newlin et al., 1990; Levenson et al., 1980). These studies have

suggested that the decrease in heart rate following alcohol may reflect a stress-dampening or

tension-reduction effect of alcohol that could lead to the subjective perceptions of high and

intoxication following alcohol (Greeley and Oei, 1999). Many studies have implied that the

stimulant-like effects are predominantly seen in the early phases of alcohol exposure,

usually when BrAC levels are rising (Friedman et al., 1980; Mello, 1983; Conrod et al.,

2001; also see recent review by Hendler et al., 2013), and some of these effects may be

accompanied by a decreased in stress-responsiveness, including a lowering of heart-rate

following alcohol administration. There are also studies demonstrating that cues associated

with alcohol can result in alterations in heart rate and heart rate variability (Hauser et al.,

2003; Ingjaldsson et al., 2003; Garland et al., 2012), suggesting that the tachycardia and

decreased heart rate variability seen in oral alcohol studies may be due, in part, to the

olfactory, visual and gustatory cues associated with drinking alcohol. The current study used

IV alcohol which is devoid of these cues, thereby reflecting a more systemic response to

alcohol compared to that seen following oral alcohol, which may explain the differences

between this study and prior studies that used oral alcohol administration.

Changes in cardiac reactivity following acute alcohol exposure may be associated with

chronic effects of prolonged alcohol use. Heart rate and heart rate variability changes have

demonstrated greater efficacy over quiescent cardiac reactivity in reflecting autonomic

responses and predicting subsequent physiological outcomes (Billman and Kukielka, 2006;

Thayer and Lane, 2000). Indeed, recent reviews have indicated the potential utility of

alcohol-induced change in heart-rate variability as a biomarker of alcoholism (Romanowicz

et al., 2011; Karypak et al., 2013). Decreased HRV has been associated with increased

cardiovascular morbidity and mortality (Liao et al., 1997; La Rovere et al., 2003), while

increased HRV may been associated with better physical and mental wellbeing and health

outcomes, as recently reviewed by Kemp and Quintana (2013). In further support of this,

moderate alcohol consumption is associated with increased HRV (Quintana et al., 2013a)
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and confers a protective effect in comparison to abstinence, while heavy alcohol

consumption and alcohol dependence are associated with decreased HRV and poorer

outcomes (Quintana et al., 2013c; Karypak et al., 2013). However, further studies may be

necessary to better understand the acute cardiac effects of alcohol, and how they relate to the

mechanisms underlying the cardioprotective effects of low to moderate alcohol

consumption. This study also demonstrates that the IV alcohol clamp provides a well-

controlled experimental platform with minimal pharmacokinetic variability to study the

acute effects of alcohol on measures of cardiac reactivity and contractility in populations at

risk for clinically significant cardiac conditions such as cardiomyopathy or arrhythmias.

The HR and HRV paradigms and the associations with the subjective measures may serve as

a measure of the positive reinforcing properties of acute alcohol exposure. This investigation

can also help broaden the understanding of the relationship between acute cardiovascular

effects and clinically significant cardiac medical conditions like cardiomyopathy and

arrhythmia.
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Figure 1.
Time course of mean (with SE bars) heart rate during the ascending phase of the infusion

profile. Closed symbols: alcohol session; open symbols: placebo session. There was a

significant treatment x time interaction (F (3, 30) = 4.36, p = 0.012), with post-hoc tests

indicating significant differences between alcohol and placebo sessions at the 0–5 min (p =

0.0009) and 5–10 min (p = 0.039) epochs.
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Figure 2.
Time course of mean (with SE bars) pNN50 during the ascending phase of the infusion

profile. Closed symbols: alcohol session; open symbols: placebo session. There was a

significant treatment x time interaction (F (3, 23) = 3.58, p = 0.029), with post-hoc tests

indicating significant differences between alcohol and placebo sessions at the 5–10 min (p =

0.035) epoch.
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