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Abstract

Rationale Impulsivity and individual differences in subjective

response to alcohol are risk factors for alcohol problems and

possibly endophenotypes for alcohol dependence. Few prior

studies have addressed relationships between the two

constructs.

Objectives To predict subjective responses to ethanol, we

tested self-reported impulsiveness, ethanol dose condition

(high dose, low dose, or placebo), and time (seven time points)

along with interactions among these variables.

Methods The present study is a secondary analysis of data

from a within-subject, placebo-controlled, dose-ranging etha-

nol administration study using IV infusion with a clamping

technique to maintain steady-state breath alcohol concentra-

tion. The sample consisted of healthy, non-alcohol dependent

social alcohol drinkers between the ages of 21 and 30 (N=

105). Participants at varying levels of impulsivity were com-

pared with regard to stimulant and subjective responses to

three ethanol dose conditions over time.

Results Individuals with higher impulsivity reported elavated

stimulant and dampened sedative response to alcohol, partic-

ularly at the higher dose. Higher impulsivity was associated

with a steeper increase in stimulant effects during the first half

of clamped ethanol infusion with the higher dose.

Conclusions These results suggest that impulsive individuals

may experience enhanced reinforcing, stimulant effects, and

relatively muted aversive sedative effects from alcohol. These

subjective responses may relate to enhanced risk of alcohol

problems among more impulsive individuals.

Keywords Alcohol . Stimulation . Sedation .

Reinforcement . Disinhibition . Family history . Dose

ranging . Social drinker . Young adult . Gender

Introduction

Alcohol use disorders are prevalent (Hasin et al. 2007;

Wittchen and Jacobi 2005) and excessive alcohol use is asso-

ciated with substantial cost to the public (Rehm et al. 2009).

Identification of risk factors for alcohol problems could help

to target prevention and intervention efforts. Two risk factors

and potential endophenotypes (i.e., genetically related inter-

mediate phenotypes) for alcohol dependence are subjective

response to alcohol (Crabbe et al. 2010) and impulsivity (Dick

et al. 2010). Several models have been proposed to understand

relationships between each of these constructs and risk for

alcohol dependence.

Subjective response may reflect individual differences in

sensitivity to alcohol’s pharmacologic effects (Morean and

Corbin 2010). Schuckit et al. have reported results supporting

a low-responsemodel (e.g., Schuckit andGold 1988; Schuckit

et al. 1984), in which muted subjective responses to alcohol in

the laboratory predict greater risk of alcohol dependence

longitudinally (Schuckit and Smith 2000). Low subjective

response is thought to be problematic due to diminished

experience of sedative effects that provide a signal to slow

down or stop consuming alcohol. In lieu of this signal, indi-

viduals may drink frequently to hazardous levels (Morean and

Corbin 2010; Schuckit 1994). A strong relationship is be-

lieved to exist between family history of alcohol problems

and low subjective response (Pollock 1992; Quinn and
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Fromme 2011) though not all studies have confirmed this

relationship (de Wit and McCracken 1990; Vogel-Sprott and

Chipperfield 1987). A recent meta-analysis found support for

the low-response model among studies comparing family

history positive and negative individuals using oral alcohol

administration paradigms (Quinn and Fromme 2011).

An alternative to the low-response model, called the

differentiator model (Newlin and Thomson 1990), has also

been proposed. The differentiator model suggests that those at

greatest risk of alcohol-related problems experience enhanced

reinforcing stimulant effects on the ascending limb of the

blood alcohol curve and muted adverse sedative effects on

the descending limb. The aforementioned meta-analysis of-

fered support for the differentiator model with regard to heavy

compared to light drinking, but not with respect to family

history status (Quinn and Fromme 2011). This result

highlights the unique contribution of level of alcohol

use and familial vulnerability to alcohol-related out-

comes. Based on their findings, King et al. (2011) have

proposed a modified version of the differentiator model,

which posits elevated stimulant and dampened sedative

effects among higher-risk drinkers across limbs of the

blood alcohol curve.

Impulsivity has also been recognized as a risk factor for

problem drinking and a possible alcohol dependence

endophenotype (Dick et al. 2010). In multiple studies, impul-

sivity has been related to alcohol use (Sher and Trull 1994;

Verdejo-Garcia et al. 2008), alcohol-related problems

(Littlefield et al. 2010), and dependence (Bjork et al. 2004).

Genetic studies have concluded that impulsivity and related

constructs (e.g., conduct disorder) share a common genetic

liability with alcohol and other substance use disorders

(Kendler et al. 2003; Krueger et al. 2002; Young et al.

2000). Thus, while they are distinct constructs, impulsivity

and subjective response to alcohol may each bemanifestations

of genetic risk for alcohol dependence.

To date, most studies on the relationship between impul-

sivity and subjective response to alcohol have yielded non-

significant or equivocal findings. These include non-

significant results from studies involving self-report (Corbin

et al. 2008—unpublished findings; Magrys et al. 2013; Rose

and Grunsell 2008) and behavioral task measures of impul-

sivity (Schuckit et al. 2012). Other studies have reported

difficult to interpret associations that were limited to particular

measures, subgroups, and/or time points/limbs of the blood

alcohol curve. Among male and female non-dependent

drinkers (mean age=30), Nagoshi et al. (1991) reported a

significant association between self-reported impulsivity and

enhanced sedative response, but only among males on the

descending limb of the blood alcohol curve. Among male and

female social drinkers (mean age=26), Shannon et al. (2011)

reported significant inverse relationships between impulsive

performance on a go/stop behavioral task and arousal reported

at a time point on the ascending limb and stimulation reported

at a time point on the descending limb. No significant rela-

tionships were found involving self-reported impulsivity. In

addition, Yip et al. (2012) reported diminished subjective

intoxication among young males with histories of hypomania,

which is often associated with impulsive behavior (Moeller

et al. 2001). However, the relationship between self-reported

impulsivity and subjective response was not significant. These

equivocal findings were all from studies involving single oral

alcohol doses.

Intravenous (IV) administration using a clamping proce-

dure to maintain steady-state blood alcohol levels is a poten-

tially advantageous approach to investigating relationships

between subjective response and impulsivity. While oral and

fixed IV administrations are valuable approaches, both have

limitations including variable absorption, side effects (e.g.,

nausea), and variable blood alcohol levels (BALs)

(O’Connor et al. 1998; Ramchandani et al. 1999). Ethanol

administration via IV infusion titrated to a breathalyzer

reading and clamped at a steady state (Gilman et al.

2012; Ramchandani et al. 1999; Roh et al. 2011) en-

ables direct comparisons of the effects of a specific dose

of ethanol between groups without these confounds. This

clamping procedure has been used safely in healthy partici-

pants with targeted BALs from 50 to 150 mg/dl (Morzorati

et al. 2002; Ramchandani et al. 1999; Subramanian et al.

2002).

Given the lack of clear prior findings, continued research

on the relationship between the constructs of impulsivity and

subjective effects of alcohol is of high clinical importance.

The present report is a secondary analysis of data from a study

designed to compare the effects of two ethanol doses and

placebo on subjective response to ethanol and cognitive func-

tion in non-alcohol-dependent, family history positive versus

negative young adults (Kerfoot et al. 2013). In the parent

study, participants responded to IV ethanol administration

with clamping technique in a dose-related, time-dependent

manner on measures of subjective effects and showed im-

paired coordination and impaired performance on cognitive

measures. However, no significant differences were found

between family history positive and negative individuals. To

our knowledge, among studies examining relationships be-

tween impulsivity and subjective response, ours is the first to

utilize data from IV administration and the first involving

multiple alcohol doses. Use of multiple doses is important as

dosage is a key factor in subjective response (Morean and

Corbin 2010; Schuckit et al. 1984). The use of lower-risk

social drinkers allows for investigation of relationships be-

tween impulsivity and subjective response to alcohol with

minimal confounding by heavy alcohol exposure, which has

been found to affect both subjective response to alcohol

(Morean and Corbin 2008) and impulsive behavior (see

Leeman et al. 2009).
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Methods

Sample and preliminary procedures

Healthy individuals were recruited by advertisement and com-

pensated for participating. One hundred eighty participants

completed at least one test day. Participants who completed

a self-report measure of impulsiveness (N=105) that was

added after the beginning of the parent study comprise the

sample for this report. Inclusion criteria were the following:

(1) age 21–30 and (2) medically and neurologically healthy

based on history, physical examination, electrocardiogram,

and screening laboratories. Exclusion criteria were the

following: (1) for women, positive pregnancy test or

intention to engage in sex without use of birth control;

(2) alcohol naïve; (3) lifetime DSM-IV diagnosis of any

psychiatric disorder including substance use disorders

except non-treatment-seeking individuals with alcohol

abuse; (4) any history of counseling or psychotherapy except

family therapy focused on relatives; (5) unwillingness to be

alcohol free for 48 h before each test day; (6) positive urine

drug toxicology on test days; (7) adoptees with no contact

with family members; and (8) a history of maternal

alcoholism.

Randomized participants were classified as family

history positive (FHP) or negative (FHN) defined as

follows: (1) FHP had a biological father and another

first- or second-degree biological relative with history of

alcohol dependence, while (2) FNH had no history of

alcohol dependence in any first- or second-degree rela-

tive. Individuals had to be able to report on first- and

second-degree relatives in order to participate. The in-

stitutional review boards of the VA Connecticut

Healthcare System and Yale School of Medicine approved

this study.

After signing the informed consent, subjects began base-

line screening. Eligible participants were scheduled for three

separate test days a minimum of three days apart under

double-blind conditions in randomized order. Participants

were told they would receive ethanol on two of the three test

days. Test days included high-concentration ethanol (targeted

breath alcohol concentration [BrAC]=100 mg%), low-

concentration ethanol (target BrAC=40 mg%), or placebo,

within subjects. Participants fasted overnight before each ses-

sion. They reported to the Biological Studies Unit at VA

Connecticut Healthcare System, West Haven campus, at

9:00 am each test day. Before testing, participants underwent

urine drug and breathalyzer screening. Participants were tested

for cannabis, barbiturates, benzodiazepines, cocaine, opiates,

and methadone. After all tests returned negative, an IV

line was placed. Participants were then given a light breakfast.

See Kerfoot et al. (2013) for further details regarding the

procedures.

Ethanol infusion

Ethanol administration procedures were in accordance with

established guidelines (NIAAA 2005). Infused ethanol was a

solution of ethanol 6 % (v/v) in 0.9 % saline solution via a

computerized pump (Braun Horizon NXT) to obtain a

predetermined steady-state (“clamped”) BrAc. Loading phase

rate was determined using a MATLAB (1987) calculation,

including participant sex, age, weight, and height to generate

linear ascension to target BrAc in approximately 20 min. After

target BrAC was reached, the infusion pump rate was adjusted

so that participants were maintained within ±5 mg% of target

BrAc for 60 min. BrAc was measured every 2 min during the

ascending phase and every 2–8 min during steady state by an

Alcotest 7410-plus device (Dräger Safety AG & Co. KGaA,

Lübeck, Germany). Self-reports of subjective response to etha-

nol were collected at +10, +30, and +60 min after target BrAC

was reached. For placebo infusion, IV bottles marked the same

as those used for ethanol infusion were utilized. BrAC testing

and pump alterations mirrored procedures used during ethanol

test days. After the 60-min period during which steady-state

BrAC was maintained using the clamping procedure, ethanol

infusion ended. BrAC readings and subjective response

continued to be collected after the end of ethanol infusion at +

110, +140, +170, and +230 min after target BrAC was

achieved (see Figs. 1 and 2).

Measures

Assessments administered at the screening appointment in-

cluded demographic items and the following self-reports:

Impulsivity Barratt Impulsiveness Scale, Version 11 (BIS-11;

Patton et al. 1995) score was the main predictor variable. The

BIS-11 is a 30-item self-report questionnaire with items rated

on a four-point scale. Recent evidence called into question the

psychometric quality of the subscales of the BIS-11 (Steinberg

et al. 2013); thus, only the total score was utilized (α=.70).

Past 30-day alcohol use The Timeline Followback (TLFB)

(Sobell and Sobell 2003) is a structured interview that utilizes

a calendar including memory prompts (e.g., holidays) to assist

with recall of daily alcohol consumption. TLFB data have

been shown to be valid and reliable out to 12 months (Sobell

and Sobell 2003).

Family history of alcohol dependence The alcohol portion of

the Family History Assessment Module (FHAM; Rice et al.

1995) was administered at screening. The FHAM is a struc-

tured interview that contains diagnostic items related to first-

and second-order relatives.

Assessments collected during study sessions included the

following:
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Subjective response to ethanol The Biphasic Alcohol Effects

Scale (BAES) (Martin et al. 1993) was administered at regular

intervals during and after ethanol infusion (see Figs. 1 and 2).

Ratings were analyzed beginning at the first post-infusion time

point (+10 min after target BrAC was reached). The BAES is a

14-item self-report measure with sub-scales to assess subjective

experiences of alcohol stimulation (i.e., “elated,” “energized,”

“excited,” “stimulated,” “talkative,” “up,” “vigorous”; α=.95)

and sedation (“down,” “heavy head,” “inactive,” “sedated,”

“slow thoughts,” “sluggish,” “difficulty concentrating”;

α=.91). Participants rated their experience of each effect due

to alcohol on 11-point scales anchored by “not at all” (0) and

“extremely” (10).

Physiologic response and BAL Blood pressure and pulse

readings were taken while participants were seated at

multiple time points throughout the test sessions. BALs

were also taken approximately 10 min before the end of

ethanol infusion.

Statistical analyses

We checked normality for continuous variables. All subjective

response variables were skewed, particularly in the placebo

condition due to infrequent non-zero response, and efforts to

log transform these variables were not successful as the var-

iables remained heavily skewed following these transforma-

tions. As a result, all outcomes were analyzed using a non-

parametric approach for repeated measures (Brunner et al.
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Fig. 1 Stimulant subjective response to IV ethanol by dose condition

over time among participants at the lowest (a) and highest (b) quartile for

self-reported impulsivity. Time points are with respect to the time at

which steady-state BrAC was first reached using a clamping procedure,

which required approximately 20 min. Ethanol infusion occurred during

the +10, +30, and +60 time points and ended after the +60 time point,

which is indicated with a vertical line after the +60 time point. Equal

spacing of time points was for parsimony and thus is not to scale
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Fig. 2 Sedative subjective response to IV ethanol by dose condition over

time among participants at the lowest (a) and highest (b) quartile for self-

reported impulsivity. Time points are with respect to the time at which

steady-state BrAC was first reached using a clamping procedure, which

required approximately 20 min. Ethanol infusion occurred during the +10,

+30 time points and +60 time points and ended after the +60 time point,

which is indicated with a vertical line after the +60 time point. Equal

spacing of time points was for parsimony and thus is not to scale
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2002) in which data were first rank-ordered, then fitted using a

mixed effects model with unstructured variance-covariance

matrix and p values adjusted for ANOVA-type statistics

(ATS). Primary outcome variables were self-reported stimula-

tion and sedation on the BAES.We utilized separate models to

predict each. All models included three predictor variables and

their interactions: (1) self-reported impulsivity, (2) ethanol

dose condition (high dose, low dose, or placebo), and (3) time

(seven time points: +10, +30, +60, +110, +140, +170, and +

230 min.). Dose and time were within-subject variables. Time

points were anchored to the time when target BrAC was first

achieved. For instance, the +10 time point occurred 10 min

after target BrAC was reached, approximately 30 min after IV

ethanol infusion began. Given that this non-parametric ap-

proach is not amenable to continuous variables, we divided

impulsivity scores into quartiles and created a four-level ordi-

nal variable. We added additional variables (i.e., test day [1, 2,

or 3], gender, and family history) and three-way interactions

with time and dose conditions involving these variables to

models subsequently. Additional effects that were statistically

significant at p<0.05 and improved model fit significantly

based on likelihood ratio testing were retained in the final

models.

Non-parametric analyses were the most appropriate

option given the non-normal subjective response data.

However, due to concern about ambiguity in the inter-

pretation of rank order scores and loss of information

from converting impulsivity score into an ordinal variable, we

confirmed results of the final non-parametric models

using linear mixed effects (LME) models with random subject

effects and other predictors treated as fixed effects. Results

from the LME models were very similar to the ATS

results and thus are not reported here (results available

from the first author).

In the event of significant relationships involving impul-

sivity, we took two steps to interpret these results. First, we

plotted subjective response scores by self-reported impul-

sivity quartile. Second, when we found impulsivity by time

interactions, we fitted additional models to examine chang-

es between the individual time points during ethanol infu-

sion (between the +10 and +30 time points and between

the +30 and +60 time points) and across the post-infusion

time points (from the +110 to the +230 time point) to

determine when significant associations with impulsivity

were most relevant. Alpha was Bonferroni-corrected in

these additional models.

We used LME models to test relationships between impul-

sivity and physiologic response (i.e., blood pressure and

pulse) by dose condition and time point. To confirm the

validity of the ethanol infusion and clamping procedure,

which was based on BrAC, we analyzed blood alcohol results

taken approximately 10 min before the end of ethanol

infusion.

Results

Participants

Descriptive data (N=105) overall and by impulsivity quartile

are reported in Table 1. Ninety-nine participants (94.3 %) com-

pleted all three test days. Among partial completers, three

received placebo only, one received 40 mg% only, and the

other two received both ethanol doses but no placebo. Data

from all 105 participants were included. The sequences in

which ethanol dose conditions occurred were compared across

impulsivity quartiles and found to be highly similar,

X2 (df=14)=7.02, p=0.957. The sample was 48.6 % female,

mainly Caucasian (80 %) and highly educated with a mean of

16.4 years of schooling (SD=2). Sample means were approx-

imately 6 drinking days in the past 30 days with an average of

just over 2.5 drinks per drinking day. Mean total score (59.33

[SD=8.83]) on the BIS-11 approximated a normative adult

score (Stanford et al. 2009). More impulsive participants were

significantly younger and less educated and reported more

drinking days and overall drinks at baseline (Table 1).

Analyses to confirm BAL

BAL results taken about 10 min before IV infusion ended

confirmed significant differences across dose conditions. No

participants registered a positive BAL in the placebo condi-

tion. Mean BALs were 47.6 mg/dl (SD=0.053) in the low

dose (target=40 mg/dl) and 115 mg/dl (SD=0.098) in the

high-dose condition (target=100 mg/dl). In addition, Kerfoot

et al. (2013) reported that low- and high-dose ethanol pro-

duced expected significant effects on multiple subjective re-

sponse variables in a dose-related manner in the parent study.

Prediction of stimulant response

A significant three-way interaction indicated that higher im-

pulsivity was associated with elevated stimulant response

(Table 2). These results were found while holding other var-

iables constant: family history, gender, and test day (Table 2).

To illustrate this effect, plots of stimulant response by dose

and time points among the most and least impulsive quartiles

are given in Fig. 1. After reviewing plots of subjective re-

sponse by dose over time among the four impulsivity quar-

tiles, our next step in interpreting the three-way interaction

was to fit additional non-parametric models to assess changes

between the time points when clamped ethanol infusion oc-

curred (between the +10 and +30 time points and between the

+30 and +60 time points) and across the time points following

the end of clamped ethanol infusion (from the +110 to the +

230 time point). In a model to compare the +10 with the +30

time point, the three-way interaction was again significant

(numerator [num] df=1.93, ATS=7.37, p=0.001). While
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differences were not observable by impulsivity level or dose

condition at the +10 time point, the increase in stimulation

between the +10 and +30 time points was significantly greater

at higher impulsivity levels. Further, this change was most

pronounced during high-dose ethanol administration (Fig. 1).

In a model to assess change between the +30 and +60 time

Table 1 Sample descriptives overall (N=105) and by impulsivity quartile (level 1: least impulsive, level 4: most impulsive)

Impulsivity quartile

Level 1 (n=28) Level 2 (n=25) Level 3 (n=28) Level 4 (n=24) Overall (N=105)

Categorical variables Percentage

Female 57.1 36 60.7 37.5 48.6

Race/ethnicity

White 71.4 80 78.6 91.7 80

African American 10.7 0 17.9 8.3 9.5

Asian 7.1 16 3.6 0 6.7

Other 10.7 4 0 0 3.8

Family history positive 42.9 28 42.9 41.7 39

Current cigarette smoking 3.6 4 7.7 12.5 6.9

Continuous variables Mean (SD)

Age* 24.9 (2.8) 25.5 (2.8) 23.5 (2.4) 24 (2.4) 24.5 (2.7)

Years of education* 16.3 (1.7) 17.2 (2.2) 16.4 (1.4) 15.6 (2.2) 16.4 (2)

Barratt Impulsiveness total score (BIS-11)*** 49.2 (3) 56.2 (1.8) 61.8 (1.8) 71.6 (5.9) 59.3 (8.8)

Past 30-day baseline alcohol use

Drinking days** 3.8 (3.3) 5.4 (4.4) 7.3 (3.5) 7.4 (5.4) 5.9 (4.4)

Total drinks* 9.9 (9.1) 14.4 (15.1) 23.5 (35.6) 25.6 (22.8) 18.2 (23.7)

Drinks per drinking day 2.3 (1.6) 2.3 (1.5) 2.7 (2.4) 3.5 (2.6) 2.7 (2.1)

There were no significant differences across impulsivity quartiles for any of the categorical variables in the top half of the table

*** p<0.001, ** p<0.01, * p<0.05

Table 2 Final non-parametric

mixed effects models involving

rank order versions of the

stimulant and sedative

response variables

Impulsivity was measured with

the Barratt Impulsiveness Scale,

version 11 (BIS-11; Patton et al.

1995). For these analyses, BIS-11

scores were divided into quartiles

and a four-level ordinal version of

the variable was created. Models

were tested includingmain effects

of gender, test day, and family

history and three-way interactions

by time and dose condition in-

volving these variables for each

outcome; however, only effects

that were significant at p<0.05

and improved model fit were

retained in the final models

reported here

Num df numerator degrees of free-

dom, ATS ANOVA-type statistic

Effect Num df ATS value p value

Stimulant response final model

Ordinal impulsivity score 1 0.01 0.938

Dose condition (placebo, low, or high dose) 1.61 0.44 0.602

Time point (seven time points: +10 through +230) 2.83 0.91 0.432

Dose×time point 7.63 1.72 0.091

Impulsivity score×dose 1.61 7.16 0.002

Impulsivity score×time point 2.83 2.96 0.034

Impulsivity score×dose×time point 7.63 2.37 0.017

Test day 2 15.06 <0.001

Gender 1 3.86 0.05

Sedative response final model

Ordinal impulsivity score 1 0.93 0.336

Dose condition 1.92 29.49 <0.001

Time point 4.02 17.43 <0.001

Dose×time point 7.88 6.94 <0.001

Impulsivity×dose 1.92 3.49 0.033

Impulsivity×time point 4.02 2.05 0.084

Impulsivity×dose×time point 7.88 3.57 0.001

Test day 2 4.62 0.001

Family history 1 8.96 0.003
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points, the dose by impulsivity interaction was significant

(num df=1.92, ATS=8.05, p<0.001), but the three-way inter-

action was not (num df=1.92, ATS=0.30, p=0.73).

Again, the more impulsive participants were, the stronger their

stimulant response, particularly in the high-ethanol condition.

However, this relationship applied the same way across the +

30 and +60 time points, thus the lack of a significant three-

way interaction.

In addition, the main effect of test day was significant due

to a tendency for ratings to decline between the first and

second day. The main effect of gender was significant due to

males giving higher ratings. There were no significant inter-

actions by dose and time point for either test day or gender.

Neither family history nor an interaction involving family

history met criteria for inclusion in the final model (Table 2).

In a model to assess stimulant response across time points

following the end of clamped ethanol infusion (+110 through +

230), the dose by impulsivity interaction was significant (num

df=1.55, ATS=6.39, p=0.004), but the three-way interaction

was not (num df=4.14, ATS=1.02, p=0.396). The significant

two-way interaction was due to low impulsive participants

reporting somewhat elevated stimulation compared to high

impulsive participants with the placebo and low dose while

there were no significant differences by impulsivity level with

the high dose during these later time points.

Prediction of sedative response

A significant three-way interaction indicated that higher im-

pulsivity was associated with blunted sedative response

(Table 2). We based this conclusion on examination of plots

of sedative response among the most and least impulsive

participants (Fig. 2). These results were found while holding

other variables constant: family history, gender, and test day

(Table 2). After examination of the plots, we again fit addi-

tional non-parametric models to assess changes between time

points during ethanol infusion. These findings paralleled re-

sults for stimulant response but in the opposing direction. In a

model examining change between the +10 and +30 time

points, the three-way interaction was significant (num df=

1.82, ATS=4.48, p=0.014). While differences were not ob-

servable at the +10 time point, the increase in sedation be-

tween the +10 and +30 time points was greater at lower

impulsivity levels. As with stimulant response, this change

was most pronounced during high-dose ethanol administra-

tion (Fig. 2). In a model to assess change between the +30 and

+60 time points, also paralleling the simulant results, the dose

by impulsivity interaction was significant (num df=1.99,

ATS=7.25, p=0.001), but the three-way interaction was not

(num df=1.99, ATS=0.13, p=0.874). This meant that the less

impulsive participants were, the larger their sedative response,

particularly in the high-dose condition, but that this

relationship applied in the same way across the +30

and +60 time points, thus the lack of a significant

three-way interaction.

There was a significant main effect of test day where

sedation ratings on the third day were lower than that on the

other two days. A significant main effect of family history was

due to lower ratings among family history positive partici-

pants. However, there were no significant interactions by dose

and time point for test day or family history. Neither a gender

main effect nor an interaction involving gendermet the criteria

for inclusion in the final model (Table 2).

In a model to assess sedative response across time points

following ethanol infusion (the +110 through +230 time

points), the three-way dose by impulsivity by time point

interaction was significant (num df=4.66, ATS=4.65,

p<0.001). As can be observed in Fig. 2, among less impulsive

participants, sedative response continued to be larger in the

high dose than in the low-dose condition. Sedative response

also declined steadily following the end of ethanol infusion

among less impulsive participants. However, the decline in

sedative response was less consistent among more impulsive

participants after the end of infusion.

Alternate analyses

Due to significant differences across impulsivity quartiles

(Table 1), alternate models were tested including age, years

of education, and baseline alcohol use as covariates. None of

these variables significantly predicted subjective re-

sponse and their inclusion in models did not change the study

results; thus, findings from these alternate models were not

reported here.

Analyses of physiologic effects

LME models were conducted to predict physiologic measures

for comparison with results involving the subjective response

variables. While there were significant effects of dose condi-

tion and time point, impulsivity was not a significant predictor

of blood pressure or pulse.

Discussion

The main finding is that participants with higher impulsivity

reported elevated stimulant and blunted sedative effects dur-

ing IV ethanol infusion. Notably, higher impulsivity was as-

sociated with a steeper increase in stimulant effects during the

first half of clamped ethanol infusion (between the +10 and +

30 time points). In contrast, lower impulsivity was associated

with a steeper increase in sedative response in the first half of

clamped ethanol infusion. These findings were most pro-

nounced following the high dose targeting a BrAC of

100 mg%. These results were found regardless of family
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history and gender effects. The findings shifted following the

end of clamped ethanol infusion, such that differences

by impulsivity level dissipated and were no longer as

clear. It is not surprising that we observed changes in subjec-

tive response after the end of ethanol infusion, given that

BALs were no longer uniform and had begun to decline.

Impulsivity did not influence physiologic responses to

alcohol.

An advantage of the clamping procedure used in this study

is the ability to observe changes in subjective response over

time that are not due to rate of BAL change or rate of alcohol

elimination. An interesting additional finding was that after

the rise in stimulant response during the first half of clamped

ethanol infusion, stimulant response began to decline between

the +30 and +60 time points among the most impulsive

participants while steady-state levels of ethanol were main-

tained. This pattern was most readily observable in the high-

dose condition and to a lesser extent in the low-dose condition.

These results are indicative of acute tolerance (O’Connor et al.

1998) to stimulant effects among the most impulsive individ-

uals, even in the absence of declining BALs. Acute tolerance

could represent an additional risk factor for impulsive indi-

viduals that could lead to heavy drinking in order to obtain

higher BALs in the hopes of maintaining their initial stimulant

response.

Regarding other predictors, we found significant family

history and gender main effects. Consistent with the report

from the parent study (Kerfoot et al., 2013), which utilized the

full sample of 180 participants, we did not find a family

history by dose condition by time point interaction. In the

present study, irrespective of time point, family history posi-

tive individuals reported significantly less sedation than fam-

ily history negative individuals; males reported more stimula-

tion than females. Given the lack of significant interactions, it

is difficult to know whether these results are attributable to

family history status or gender differences in subjective re-

sponse, alcohol-related expectancies or some other response

tendency. Thus, these results regarding family history and

gender should be interpreted with caution.

Our primary findings of enhanced stimulation and damp-

ened sedative effects among more impulsive drinkers pertain

more closely to the differentiator model (Newlin and Thomson

1990) than to the low-response model (Schuckit and Smith

2000; Schuckit and Gold 1988; Schuckit et al. 1984). These

theoretical models posit particular patterns of subjective re-

sponse among higher-risk drinkers (e.g., those with a family

history of alcohol problems or heavy drinkers). Here, we are

extrapolating higher risk to include more impulsive individuals

given established relationships between impulsivity and vari-

ous negative outcomes (Verdejo-Garcia et al. 2008). The

differentiator model, and not the low-response model, would

predict the enhanced stimulant effects reported by the more

impulsive participants in this study. However, our findings

relate most closely to the modified differentiator model pro-

posed by King et al. (2011). In the present study, weaker

sedative response among more impulsive individuals was ob-

servable during the first half of clamped IV ethanol infusion.

The modified differentiator model, which states that elevated

stimulant and blunted sedative response among higher-risk

drinkers are observable across limbs of the blood alcohol

curve, would predict this finding. In contrast, the original

differentiator model posits less sedation among higher-risk

drinkers only during the descending limb of the blood alcohol

curve (Newlin and Thomson, 1990).

A relationship between impulsivity and stronger stimulant

and weaker sedative effects has implications for our under-

standing of risk factors for alcohol problems. Based on the

present findings, the risk of alcohol problems linked to impul-

sivity (Verdejo-Garcia et al. 2008) may be due at least in part

to enhanced stimulant and/or dampened sedative responses.

This finding is in contrast to prior studies that have offered

null and equivocal results relating impulsivity to subjective

response (Corbin et al. 2008—unpublished findings; Magrys

et al. 2013; Nagoshi et al. 1991; Rose and Grunsell 2008;

Schuckit et al. 2012; Shannon et al. 2011; Yip et al. 2012). To

our knowledge, among studies addressing relationships be-

tween impulsivity and subjective response, ours is the first to

utilize data from IVadministration. Use of IVethanol infusion

and clamping procedures may have facilitated observation of

relationships between impulsivity and subjective response

given the absence of potential confounds associated with oral

administration (e.g., variable alcohol absorption and

metabolism).

Enhanced stimulation and dampened sedation among more

impulsive individuals may be genetically mediated.

Impulsivity and related constructs (e.g., conduct disorder)

share common genetic liability with alcohol and other sub-

stance disorders (Kendler et al. 2003; Krueger et al. 2002;

Young et al. 2000) and individual differences in subjective

response to alcohol have also been tied to genetic factors

(Heath et al. 1999; Roh et al. 2011; Schuckit 1999).

However, relationships among subjective response to alcohol,

impulsivity, and alcohol dependence risk are likely to be

complex. Family history and impulsivity were not related

significantly in the present study and similar null results have

been reported earlier (Schuckit and Smith 2000).

The present study had limitations. IV ethanol administra-

tion with clamping technique offers design advantages but

introduces departures from external validity given that alcohol

is typically consumed orally. Differences between IV admin-

istration and typical oral alcohol consumption may explain the

magnitude of subjective response reported in this study, which

was noticeably lower than in most oral administration studies

involving comparable alcohol doses (e.g., Addicott et al.

2007; King et al. 2011). Young adults, who were primarily

Caucasian and highly educated, comprised the sample, which
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limits generalizability of the results to other populations. In

addition, the parent study was designed to make comparisons

of subjective response to ethanol between family history pos-

itive and negative individuals. In order to draw clearer con-

clusions about differences by family history status with min-

imal confounding by effects of substantial alcohol exposure,

the study recruited only non-alcohol-dependent social

drinkers. Similarly, in the present study, differences across

impulsivity levels are more likely to be attributable to impli-

cations of impulsivity rather than to effects of substantial

alcohol exposure. While we believe this was a sound ap-

proach, it leaves unanswered the question of whether the

patterns of subjective response by impulsivity level reported

here would also apply to heavy drinkers from the community

or within a clinical sample of patients with alcohol use disor-

der. This is an important potential future research direction.

Both patterns of subjective response (King et al., 2011) and

impulsivity (Littlefield et al., 2010) have been found to predict

alcohol-related outcomes prospectively. Thus, it would be

important to determine whether drinkers at high risk with

respect to both subjective response and impulsivity are at

particularly high risk for continued heavy drinking and nega-

tive consequences. A paradigm in which subjective response

to IVethanol with clamping procedure is examined by impul-

sivity level could also benefit future medication development

(i.e., testing medications to decrease stimulation and/or in-

crease sedation among highly impulsive heavy drinkers).

To our knowledge, among studies examining relationships

between subjective response and impulsivity, ours is the first

to utilize data from IV administration and the first involving

multiple alcohol doses. Our results suggest that impulsive

individuals may experience enhanced reinforcing, stimulant

effects, and muted aversive sedative effects. These subjective

responses may relate to elevated risk of alcohol problems

among more impulsive people. This pattern of subjective

response needs to be replicated and long-term implications

of enhanced stimulant and dampened sedative response in

impulsive individuals should be addressed in future studies.
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