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Abstract

Background and Aims: The objective of this study was to determine the effect of acute IV 

alcohol infusion on skin blood flow (SBF) response, measured at fingertip and earlobe, and 

subjective responses associated with SBF in social drinkers.

Methods: 24 social drinkers underwent a computer-assisted alcohol self-infusion study. SBF was 

measured continuously using laser Doppler flow meter, with the probe placed on the fingertip or 

earlobe. Perfusion recordings collected at baseline, and at 0-min (0–5 min), 10-min (10–15 min) 

and 20-min (20–25 min) time-points during the priming phase of IV alcohol self-administration 

paradigm at low breath alcohol levels of approximately 30 mg%. Subjective response was 

measured using the Drug Effects Questionnaire (DEQ), and Biphasic Alcohol Effects Scale 

(BAES).

Results: Overall SBF (collective data from both fingertip and earlobe); and SBF by each site 

showed significant drop at 0-min and then subsequent significant elevation with alcohol self-

administration. Males showed higher overall SBF at baseline and 0-min than the females. At finger 

site, lowering in 0-min SBF compared to baseline, and subsequent significant increase at 10-min 

and 20-min SBF recordings were observed. DEQ measures of “like” and “want more” alcohol 

were significantly associated with 10- and 20-min SBF recordings collected at finger site.

Conclusion: The changes in SBF following acute IV alcohol exposure is consistent with the 

sympathetic response of alcohol on the cardiovascular system. This acute hemodynamic effect 

characterizes differences in blood flow that are sensitive to relatively low levels of acute alcohol 

exposure. The association of subjective perceptions with the SBF response provide evidence of the 

psychophysiological effects of alcohol at low levels of exposure.
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Introduction

Perfusion or blood flow is regulated by the cardiovascular reactivity that is derived from the 

responses in the autonomic nervous system (Blessing, 2016). Change in hemodynamic 

activity from a resting (baseline) state to a subsequent behavioral state could be caused by a 

psychological or physical challenge (Obrist, 1981). Acute changes in hemodynamic system 

are evaluated by the measure of perfusion or skin blood flow (SBF) in response to acute 

challenge prompted by behavioral and pharmacological stressors (Kamarck, Jennings et al. 

1992). Acute alcohol exposure could cause alterations in cardiovascular response and 

associated autonomic system (Doggett, 2018; Weise, 1986; Koskinen, 1994). Stimulating 

effects of alcohol on heart rate has been reported previously (Conrod, 2001). Such subtle 

changes appearing with acute alcohol exposure are difficult to register in humans, 

particularly at lower levels and variable rates of exposure. None-the-less, these changes are 

important to understand the changes in cardiovascular response due to alcohol (Kupari, 

1998; Howes, 1986; Donahue, 1986), as they may help explain how attributes that determine 

vulnerability to developing cardiovascular conditions could start or progress with alcohol 

intake. However, there is a gap in the scientific literature in the understanding of 

cardiovascular responses specially SBF, occurring due to acute alcohol exposure.

Acute intravenous (IV) alcohol administration is an experimental human paradigm that 

could be used in studying alcohol pharmacokineticsprecisely (Ramchandani, 2009; Kwo, 

1998). Our primary aim was to identify the changes in SBF that occur due to acute alcohol 

exposure using the IV alcohol self-administration paradigm (Stangl, 2016). To test 

differences in SBF at different sites, we also conducted a consistency test by repeating the 

experiment, one at the fingertip and the other at the earlobe site.

Studies have examined the subjective responses and physiological effect of acute oral 

alcohol administration that appeared as acute cardiac responses previously (Vatsalya, 2014, 

Hu, 2016). Identifying subjective response measures that may be associated with alterations 

in cardiovascular response could help better identify psychophysiological indicators of the 

consequences of alcohol intake (Brunelle, 2007). However, association of these changes 

observed in the subjective perception and corresponding blood distribution originating as 

cardiovascular response, namely SBF are inconclusive. Thus, we also evaluated the 

relationship in the effects of acute alcohol exposure on SBF and subjective responses using 

intravenous alcohol exposure. There are reports on sex differences in the bio-behavioral 

response to stress stimuli leading to the changes in cardiovascular responses (Dickerson, 

2004; Taylor, 2000), however, SBF has not been evaluated to identify sex differences during 

acute alcohol administration. In our study, we further explored the role of sex in the 

development of subjective responses along with SBF to acute alcohol exposure.

Subjects and Methods

Recruitment:

The study was approved by the NIH Addictions Institutional Review Board, and conducted 

at the NIH Clinical Center in Bethesda, MD. This is one of the study aims of a larger clinical 
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trial protocol indexed at ClinicalTrials.gov Identifier: NCT00713492. Twenty-three healthy 

21–45 year old social drinkers underwent two intravenous alcohol self-administration (IV-

ASA) sessions, each lasting 150 min, using the computer-assisted infusion system 

(Zimmermann, 2013). We used IV alcohol administration since it provides precise level of 

blood alcohol compared to oral, which has variability in absorption thus exposure varies 

greatly between the individuals receiving oral alcohol (Ramchandani, 1999). Age, sex, 

weight was corrected for while establishing dosing amount for each subject individually. 

Each session consisted of two phases (Stangl et al., 2016). In the priming phase (25 min), 

subjects are prompted to push the button four times over the first 10 min (exposure section) 

to receive small standardized alcohol infusions every 2.5 min apart. This resulted in subjects 

achieving a fixed target BrAC level of approximately 30 mg% around 10 min across all 

participants. Following a 15-min latent period, participants underwent an ad lib phase lasting 

125 min in which subjects had free access to standardized IV alcohol infusions (max 

BrAC=100 mg %), and were instructed to recreate a typical drinking experience based off of 

how they felt from the IV alcohol infusions. Data from the ad lib phase will be presented in 

a separate report.

Measures:

SBF data was collected using Periflux system LDPM - PF5010 (Laser Doppler Perfusion 

Monitor) (Oppermann, 2007) starting at baseline and continuing throughout the session, to 

compare the responses at baseline and during IV alcohol exposure. Blood perfusion 

measured by LDPM is a relative value (that is generally collected from digits or other body 

locations) that represents the product of the relative number of moving blood cells that 

causes Doppler shift and the relative velocity of these cells in the measured volume; these 

values are expressed in perfusion units (PU). The SBF probe was placed on the fingertip in 

the first session and on the top posterior-proximal region of the earlobe in the second 

session. Pilot testing of the SBF measurement following probe placement on the fingertip, as 

is typically done in these studies, suggested high variance (noise) in baseline measurements 

mainly due to movement of the hand during the testing. Therefore, an alternate site, the 

earlobe, was selected as an alternate site. The earlobe site is less prone to measurement noise 

related to movement and may provide a more stable alternate site for measurement of SBF. 

In both sessions, subjects were instructed to sit still and minimize any movements, thus 

establishing a stable baseline prior to the measurement interval, at each time-point. Blood 

pressure and heart rate were monitored at baseline and during the experiment as standard of 

care and they did not vary outside the normal range.

The SBF data was analyzed in 5-min epochs at baseline (−5 min till start of infusion), and 

0–5, 10–15 and 20–25 min time intervals during the priming phase, and every 15 min during 

the ad lib phase. In this study, we present the findings collected during the priming phase of 

the alcohol IV self-administration.

Breath alcohol concentration (BrAC) readings as well as corresponding subjective scales 

(Alcohol Urge Questionnaire [AUQ], Drug Effects Questionnaire [DEQ], and Biphasic 

Alcohol Effects Scale [BAES]) were measured (Drummond, 2002; Morean, 2013; Martin, 

1993) at baseline, and at regular intervals (0-, 10-, and 20-min) during the priming phase. 
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Recent drinking measures, assessed using Time-line Follow-back (TLFB) for past 90 days 

(Sobell, 2003), included Total Drinks in the past 90 days (TD90), Drinking Days in past 90 

Days (DD90), Drinks per Drinking Day in past 90 Days (DPD90), Average Drinking Days 

(AvgDD90), Heavy Drinking Days in past 90 Days (HD90).

Statistical Analysis:

Initially, a two-way repeated measures ANOVA was conducted to examine the effect of site 

of application and timepoint on the SBF measure. There was a main effect of site of 

application, and as a result, additional analyses were conducted to examine the effect of 

timepoint on SBF separately for each site. For the analysis of time-related changes in SBF 

for each site, there were 3 post-hoc contrasts (each timepoint compared to baseline) for 

which a Bonferroni corrected p-value of 0.05/3 = 0.017 was applied. The relationship 

between SBF changes and subjective response measures were examined using linear 

regression analyses with a p-value threshold of 0.05. Recent drinking history (Total Drinks 

in the past 90 days) and sex were examined as regressors in these analyses. Data from 2 

participants at two timepoints were excluded from analysis due to measurement noise 

artifacts. Data were processed and analyzed using MS Excel 2013 (Microsoft Corp., 

Redmond WA) and SPSS 22.0 (IBM, Chicago IL).

Results

Demographic and Baseline SBF assessment

Ten female and 13 male subjects participated in this study. There was no significant 

difference in the age of the participants, however there was an anticipated sex-difference in 

weight (Table 1). There was large individual variability observed in the SBF measures from 

both sites. In general, males registered higher baseline SBF at both the sites, with 

statistically significantly higher values at the fingersite (p=0.047). There were no major 

differences in recent drinking measures, other than a trend-level higher drinks per drinking 

day (DPD90) in the males.

Effect of Alcohol on Skin Blood Flow

Initial analysis using two-way repeated measures ANOVA showed a significant main effect 

of site of application, with approximately two-fold higher values for the finger-tip compared 

to the earlobe. As a result, we examined time-related differences in SBF separately for each 

site. At the fingertip site, there was a main effect of timepoint (F(3,60)=8.03, p<0.001). SBF 

decreased by 37% from baseline to the 5-min timepoint (p=0.042), followed by a 116% 

increase from the 5-min to the 10-min timepoint (p=0.002), and further increase by 14% 

from 10-min to 20-min (p=0.014). There was no significant effect of recent drinking 

measures on the SBF measure at the fingertip, however, there was a sex difference observed 

at baseline, with females showed lower SBF values than males (41.4±39.7 vs. 186.6±209.8; 

p=0.045). At the earlobe site, there was pattern of increasing SBF with time, however there 

was no statistically significant effect of timepoint.
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Association of SBF with subjective perceptions

To examine the relationship between SBF changes and subjective perceptions, regression 

analyses were conducted at each time-epoch. At 10-min, SBF showed a mild, albeit 

significant, negative association with DEQ Liking (Fig. 2) and DEQ Wanting (Fig. 3). At 10-

min timeline, DEQ Liking showed significant association with fingertip site SBF (Fig. 2a); 

after covarying for TD90 (adjusted R2=0.309, p=0.014). At 20-min timeline, DEQ Liking 

showed significant association with fingertip site SBF, after covarying for TD90 (adjusted 

R2=0.315, p=0.013) (Fig. 2b). This relationship persisted between SBF fingertip site and 

DEQ Wanting response. Unlike DEQ Liking, none of the drinking measures augment the 

relationship between DEQ Wanting and SBF at fingertip site. There was no association of 

AUQ and BAES measures and SBF collected at the fingertip site. There was no meaningful 

association observed between the subjective responses and SBF at the earlobe site.

Discussion

The results of this study supported our hypothesis that acute intravenous alcohol 

administration would show significant changes in skin blood flow (Fig. 1). These alterations 

started simultaneously with alcohol administration. A previous study showed acute reduction 

of skin blood flow with cigarette smoking (Waeber, 1984) as an adverse consequence on 

cardiovascular health. Alcohol also a risk factor for developing cardiovascular complication 

(Mostofsky, 2016), showed a similar initial drop in SBF. We found a rebound in the skin 

blood flow levels later during the peak alcohol exposure at 10-min after the initial drop for 

the fingertip but not the earlobe site. This may be a compensatory response to the initial drop 

in SBF during the first few min of the infusion. A prior study has shown that compensatory 

sympathetic response is not just a reflex but is also a reflection of defects in the 

parasympathetic function (Daly, 1990). At 20-min, skin blood flow at the fingertip site 

continued to rise, suggesting a continued effect of alcohol.

Overall the SBF values more-or-less represented similar trajectories of recordings as 

presented at the earlobe site and fingertip site. Some studies have used thermoregulatory 

effects as external stimulation on vasoconstriction and vasodilation altering SBF responses 

(Kullmann, 1970). One study showed that subjects with vasoconstriction after alcohol intake 

performed differently than the subjects who showed vasodilator effects on a motor task 

(Dengerink, Mead et al. 1978). Vasodilation effects have been reported in preclinical studies 

targeting neurogenic effects in guinea pigs (Nicoletti, Trevisani et al. 2008). Alcohol 

consumption might have paradoxical effects on cardiovascular health depending upon the 

amount and pattern of drinking, main vascular consequence of an acute dose of alcohol has 

been reported as vasodilation (Hashimoto, Kim et al. 2001, Bau, Bau et al. 2005). Low SBF 

at 0-min (Fig. 1a, Fig. 1b) recording could have resulted from vasoconstrictive effects of 

acute alcohol on the cardiovascular-sympathetic activity (Van De Borne, 1997; Vatsalya, 

2014). This study has comparatively small sample size and has been conducted as a proof of 

principal study to observe cardiovascular changes in a highly-controlled human 

experimental paradigm.

We did not find any significant effect of recent drinking history in the SBF changes 

following acute alcohol exposure. This lack of effect may be due to the fact that the study 
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participants were social drinkers without heavy drinking patterns and insufficient variability 

to identify a drinking history influence, and studies have shown that low to moderate 

drinking could have protective effects on cardiac conditions (Sacco, 1999). There was a 

baseline sex difference in skin blood flow, with higher values in males. Cardiovascular stress 

responses to alcohol have been reported as a high risk in males (Stewart, 1992) and both 

baseline and the initial drop in skin blood flow could suggest the higher sensitivity to these 

effects in males. Sex differences in SBF at baseline may also be due to anthropomorphic 

differences in finger volume between males and females. Larger studies are needed to 

examine these potential sex differences to better understand the cardiovascular 

pharmacodynamics of alcohol and risk for cardiovascular disease.

Our second aim of this study was supported by the findings from the subjective responses. 

Subjective responses including alcohol liking and wanting were associated with skin blood 

flow at the finger-tip site (Fig. 2, Fig. 3). Effects of acute alcohol exposure also showed 

increasing statistical effect sizes at 20-min recordings compared to 10-min readings for both 

the liking and wanting responses. These associations at relatively low levels of alcohol 

exposure (BrACs at or below 30 mg%) suggest that skin blood flow may provide a sensitive 

physiological correlate of the rewarding and reinforcing effects of acute alcohol. Significant 

covariate effects of recent drinking measures such as TD90 suggest that drinking patterns 

may moderate some of the effects of alcohol on skin blood flow and its relationship with 

subjective perceptions.

This study is not without its limitations. As indicated above, this study was conducted in a 

relatively small sample of social drinkers and focused on the early priming phase of the 

session where alcohol levels were consistent across participants. There is no placebo control 

session in this study, thus it is not possible to distinguish acute pharmacological effects from 

expectancy effects which could also influence autonomic and cardiovascular reactivity. 

Having no association of SBF and drinking measure was one of the anticipated limitations of 

this study in terms of not having additional cohorts of subjects with moderate-to-heavy 

drinking that could provide information on changes in the perfusion response. Further 

studies would need to be conducted in larger samples to better understand the effect of 

factors such as drinking history, sex and level of alcohol exposure. Additionally, we did not 

statistically adjust for the multiple testing of associations between skin blood flow and the 

subjective response measures, so these findings should be considered preliminary and would 

need to be confirmed in future studies. Changes in skin blood flow at higher BrACs levels 

and correlation with stimulation and sedation effects would provide further evidence of this 

pharmacodynamic sensitivity. This is particularly relevant as sedative and stimulating effects 

of alcohol are associated as manifestations of alcohol intoxication contributing to drinking 

habits (Hendler, 2011; Erblich, 2003).

Data from this study may help improve our understanding of physiological correlates of the 

subjective response to alcohol, and help establish skin blood flow as a pathophysiological 

marker of the acute effects of alcohol, both as a correlate of its rewarding effects, and as an 

indicator of its cardiovascular response, in characterizing the risk of chronic or heavy 

alcohol drinking.
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Abbreviations:

BAES Biphasic Alcohol Effects Scale

BrAC Breath Alcohol Concentration

CASE Computer-Assisted Self-Infusion of Ethanol

DEQ Drug Effects Questionnaire

IV Intravenous

LDPM Laser Doppler Perfusion Monitor

PU Perfusion Units

SBF Skin Blood Flow
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Figure 1: 
Skin blood flow registered during the alcohol infusion session at the fingertip site (panel A) 

and earlobe (panel B). Significant increases as a function of timepoint were observed for the 

fingertip site, while no significant effects were observed for the earlobe site.
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Figure 2: 
Association of subjective responses DEQ “Liking” and SBF recordings collected at the 

fingertip site. Negative association was found at 10 min. when peak alcohol exposure was 

achieved. 2a: Association of fingertip site SBF and DLIKE at 10-min time-point. 2b: 

Association of fingertip site SBF and DLIKE at 20-min time-point.
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Figure 3: 
Association of subjective responses DEQ “DWANT” and SBF recordings collected at the 

fingertip site. Negative association was found at 10 min. when peak alcohol exposure was 

achieved. 3a: Association of fingertip site SBF and DWANT at 10-min time-point. 3b: 

Association of fingertip site SBF and DWANT at 20-min time-point.
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Table 1:

Demographic and baseline skin blood flow variables in the study participants.

Measures Females (n = 10) Males (n = 13) p-value

Age [years] 26 ± 4.3 25.3 ± 3.5 NS

Height [cm] 167.7 ± 5.2 181.7 ± 6.7 ≤ 0.001

Weight [Kg] 64.2 ± 7.4 88.1 ± 15.2 ≤ 0.001

Baseline SBF

Finger-site 41.4±39.6 186.6±209.8 0.045

Ear-site 37.6±41.8 66.0±53.2 NS

Drinking History

TD90 55.7±43.1 115.1±133.1 NS

NDD90 22.7±11.1 30.2±25.1 NS

AvgDPD90 2.4±1.2 3.8±2.1 0.078

HDD90 5.4±7.4 10.2±21.0 NS

Data presented as Mean±SD. Statistical significance was set at p≤0.05.
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