
Abstract Rationale: Alcohol-induced heart rate (HR)
stimulation during the rising limb of the blood alcohol
curve reliably discriminates between individuals at dif-
ferential risk for alcoholism, and appears to be a poten-
tial psychophysiological index of psychomotor stimula-
tion from alcohol. Objectives: Three studies are present-
ed which explore the reliability and convergent and 
discriminant validity of this alcohol response index.
Methods: Young men with and without a multigenera-
tional family history of alcoholism were administered a
1.0 ml/kg dose of 95% USP alcohol. Resting baseline
cardiac and subjective measures were assessed before
and after alcohol consumption. Results: Study 1 demon-
strated that alcohol-induced HR stimulation was signifi-
cantly and positively related to alcohol-induced changes
in mood. Study 2 demonstrated that alcohol-induced HR
stimulation was reliable across two alcohol administra-
tion sessions (r=0.33–0.66, P<0.01). Study 3 explored
the relationship between the proposed index and mea-
sures of sensitivity to alcohol previously linked to genet-
ic predisposition to alcoholism. Multiple regression anal-
ysis indicated that alcohol-induced HR increase and re-
duced subjective intoxication (measured using the Sub-
jective High Assessment Scale) were both positively as-
sociated with alcohol-induced changes in mood states
that have previously been shown to be sensitive to the
effects of stimulant drugs and the reinforcing effects of
alcohol. Conclusions: 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.
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Introduction

The psychomotor stimulant theory of addiction suggests
that the incentive properties of primary psychostimu-
lants, such as cocaine and amphetamines, can be indexed
by their ability to induce a motivational state which in-
volves forward locomotion and activation of a dopamine
reward circuitry in the medial forebrain bundle (Wise
1988; Wise and Bozarth 1987). Drugs of abuse with cen-
tral nervous system depressant properties such as alco-
hol, opiates and barbiturates also have psychostimulant
properties (DiChiara et al. 1992). Alcohol has dose-
dependent and biphasic effects on locomotor activity
(Pohorecky 1977; Friedman et al. 1980), and the loco-
motor-stimulant effects of alcohol also appear mediated
(possibly indirectly through opiate mechanisms; DiChiara
et al. 1992) by dopaminergic mechanisms (Dudek et al.
1984). Furthermore, research indicates that the anxioly-
tic effects of alcohol are mediated by separate brain
structures (Wise and Bozarth 1987).

Activation of the mesolimbic dopamine system not
only results in increased motoric behavior; autonomic
arousal and changes in heart rate (HR) activity also re-
sult from such activation (Fowles 1983; Fowles et al.
1987; Wise and Bozarth 1987; Di Chiara et al. 1992). In-
creases in resting HR have been shown to be directly
proportional to changes in the reinforcing properties of a
stimulus, an effect that is also independent of the effects
of anxiety responses and general motoric activity on HR
(Fowles 1983). It has further been suggested that posi-
tive affective states result from activation of the meso-
limbic reward system to facilitate learning of approach
behavior toward the reward stimulus itself (Di Chiara 
et al. 1992), but that such states do not always result
from activation of this system (Newlin 2000). Stress-
induced behavioral activation, behavioral reinforcement,
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and drug-self administration all appear to be mediated by
this system (Sorg 1992; Hemby et al. 1997) and have
been shown to occur in the absence of positive subjec-
tive effects. Accordingly, current theories of addiction
propose that the addictive liability of a drug is dependent
upon its ability to produce “psychomotor stimulation,”
but not necessarily “euphoria” (Newlin 2000), where
“psychomotor stimulation” refers to the stimulating ef-
fects of a drug on mesolimbic dopamine activity (Wise
and Bozarth 1987) and related patterns of behavioral
(motoric) and autonomic (cardiac) activity (Reed et al.
1999).

A rather consistent finding resulting from research on
alcoholic and young non-alcoholic individuals with a ge-
netic predisposition to alcoholism is that they are charac-
terized by a sensitivity to the stimulating effects of alco-
hol on resting HR (Finn et al. 1990; Conrod et al. 1995;
Peterson et al. 1996; Newlin and Thomson 1999). We
have proposed that alcohol-induced HR increase reflects
a specific sensitivity to the psychomotor stimulant prop-
erties of alcohol and that genetic predisposition to alco-
holism is partially mediated by a specific sensitivity to
this very addictive property of alcohol (Peterson et al.
1996; Conrod et al. 1997b). A number of recent studies
support this claim. Alcohol-induced increase in resting
HR has been shown to co-vary with motoric reactivity to
alcohol (Conrod et al. 1995), is alcohol-dose dependent
(Stewart et al. 1992), mediated by opiate mechanisms
(J.B. Peterson, P.J. Conrod, J. Vassileva, C. Gianoulakis,
R.O. Pihl, unpublished data), specific to the ascending
limb of the blood alcohol curve, enhanced with faster
rate of alcohol ingestion (Conrod et al. 1997b), and cor-
related with a number of different drinking behavior
measures (Conrod et al. 1997a), features that character-
ize stimulant drugs (Wise and Bozarth 1987; Sellers et
al. 1991). However, the validity of alcohol induced HR
increase as a measure of the psychomotor stimulant
properties of alcohol is challenged by its apparent incon-
gruity with the results of animal and human studies dem-
onstrating an inverse relationship between alcohol-sensi-
tivity and alcohol-preference or alcoholism vulnerability
(e.g., Schuckit 1980, 1984; Krimmer and Schechter
1992; Schechter and Krimmer 1992; Rodrigez et al.
1993; see review by Newlin and Thomson 1990). For ex-
ample, with regard to the human literature, sons of alco-
holics have been shown to self-report decreased sensitiv-
ity to the subjective effects of alcohol relative to sons of
non-alcoholics (Schuckit 1984), when subjective re-
sponses are measured using The Subjective High Assess-
ment Scale (SHAS; developed by Judd et al. 1977).

The SHAS is a self-report scale that assesses the ex-
tent to which individuals experience various intoxicating
effects of alcohol (e.g., clumsy, tired, nausea, high). Low
responses to alcohol assessed by this scale have been
shown to be predictive of the eventual development of
alcohol dependence 8 years later (Schuckit and Smith
1996). However, despite its demonstrated discriminative
and predictive validity, this measure of subjective intoxi-
cation is also greatly lacking in construct validity, in that

it is unclear what the instrument actually measures. Inte-
gration of these two literatures is therefore difficult. Item
analysis of the SHAS indicates that the scale reflects
both positive (feel high) and negative (feel drowsy) alco-
hol effects, but appears weighted towards negative ef-
fects. A recent multivariate analysis indicated that a fac-
tor comprised mostly of negative items measured at
60–100 min post-alcohol consumption (descending limb)
most optimally identified individuals at risk for the de-
velopment of alcohol dependence (Schuckit and Smith
1996). Therefore, it is possible that the SHAS measures
the negative or sedative effects of alcohol, rather than the
euphoric or stimulant effects of alcohol.

A recent attempt to integrate the discrepant findings
on sensitivity to alcohol in sons of alcoholics (Newlin
and Thomson 1990) concluded that sons of alcoholics
are more sensitive to the positive effects of alcohol that
are specific the ascending limb of the blood alcohol con-
centration (BAC) curve, and less sensitive to the nega-
tive, potentially sedative, properties of alcohol which oc-
cur as alcohol is being eliminate from the body. Howev-
er, there is some evidence to suggest that sons of alco-
holics demonstrate reduced sensitivity to the subjective
effects of alcohol along the rising and falling limbs of
the BAC curve (Schuckit et al. 1996). It appears that in-
sufficient information on the construct validity of both
alcohol-induced HR increase and subjective intoxication
limits our ability to integrate these findings and incorpo-
rate them into current theories of drug abuse vulnerabili-
ty. To address this problem, the current series of studies
will explore the validity of alcohol-induced HR increase
as a measure of sensitivity to the stimulant properties of
alcohol and its relationship to other subjective measures
of alcohol sensitivity, including subjective intoxication.

Another approach to the assessment of subjective 
sensitivity to the effects of alcohol has been to observe
individual differences in alcohol-induced changes in nat-
ural mood states. The Profile of Mood States (POMS; 
McNair et al. 1971) is one of the most widely used scales
for assessing self-reported mood states and has also been
shown to be sensitive to different drug effects (Johanson
and Uhlenhuth 1980; Johanson and de Wit 1989). Vari-
ous subscales of the POMS have been shown reliably 
to reflect individual differences in alcohol responses 
(Nagoshi et al. 1991) and to be differentially sensitive to
the effects of drugs with various reinforcing proper-
ties (e.g., amphetamines and diazepam; Johanson and
Uhlenhuth 1980; Johanson and de Wit 1989). One ad-
vantage to using this instrument is that various subscales
have been shown to be sensitive to individual differences
in alcohol-self administration (de Wit et al. 1987, 1989),
thus indicating sensitivity to the reinforcing effects of al-
cohol, rather than just the subjective effects. Therefore,
despite the recent development of new scales to assess
the stimulant and sedative effects of alcohol (e.g., Martin
et al. 1993), the validity of the POMS subscales remain
unparalleled with respect to reflecting subjective sensi-
tivity to the stimulant and reinforcing properties of alco-
hol. The POMs also possesses good face validity regard-



ing alcohol-induced “psychomotor stimulation” as it dif-
ferentiates drug-induced feelings of energy (lively, ac-
tive, vigorous) from feelings of euphoria (joyful, cheer-
ful, elated) or anxiety reduction (composed, serene,
calm). These drug effects are not differentiated in other
subjective measures of alcohol effects (e.g., Martin et al.
1993).

When subjective sensitivity to alcohol is assessed us-
ing self-report measures that have been shown to be sen-
sitive to the stimulant and sedative properties of alcohol,
vulnerability to heavier patterns of drinking behavior ap-
pear to be associated with a enhanced subjective sensi-
tivity, rather than reduced subjective sensitivity. For ex-
ample, research comparing heavy and light drinking sub-
jects suggests that enhanced subjective sensitivity to the
stimulating effects of alcohol and reduced subjective
sensitivity to the sedative and intoxicating effects of al-
cohol characterize individuals who are prone to heavier
drinking (Gabrielli et al. 1991; Holdstock et al. 2000).
Another study demonstrated that participants who chose
alcohol over placebo across seven beverage-choice ses-
sions were initially shown to self-report more alcohol-in-
duced elation and vigor and less fatigue and confusion
on the POMS during an initial alcohol sampling session
relative to individuals who subsequently chose placebo
over alcohol (de Wit et al. 1987). Finally, individuals
who are prone to more alcohol consumption in the labo-
ratory also report greater sensitivity to the stimulating ef-
fects of alcohol, reduced sensitivity to the sedative ef-
fects (de Wit et al. 1989), and interestingly, also demon-
strate greater alcohol-induced increases in resting HR
(Conrod et al. 1997a). These findings suggest that alco-
hol-induced HR increase should correlate with subjective
sensitivity to the stimulating effects of alcohol and re-
duced subjective sensitivity to alcohol-sedation and in-
toxication. The current investigation will, therefore, ex-
plore the validity of alcohol-induced HR increase as re-
flecting sensitivity to the stimulant properties alcohol by
examining how change in HR differentially co-varies
with changes in subjective stimulation, sedation and in-
toxication.

Another factor that challenges the validity of alcohol-
induced HR as a measure of sensitivity to the stimulant
effects of alcohol is that it has yet to be demonstrated as
a stable trait that can be measured across a number of al-
cohol-administration sessions. Few studies have investi-
gated the stability of responses to alcohol intoxication,
and those that have indicated that repeatability of such
measures, particularly HR responses, were generally
very low and close to zero (e.g., Wilson and Nagoshi
1987; Nagoshi and Wilson 1989). However, conclusions
from the Nagoshi and Wilson (1989) study are somewhat
limited by the fact they the study involved highly vari-
able test-retest intervals (ranging from 3 to 39 months)
and alcohol response measures were tested at different
points along the blood alcohol curve across the test-
retest periods. Heritable influences on alcohol-induced
HR increase have been shown to be robust as BACs are
rising, prior to the BAC peak (Conrod et al. 1997b).

Therefore, the second study of this series of studies will
examine the reliability of alcohol-induced HR across a 
2-week test-retest period within an experimental design
that will allow for assessment of HR at specific points of
intoxication.

Study 1

Study 1 was designed to investigate the correspondence
between alcohol-induced HR increase and alcohol-in-
duced changes in mood states previously shown to be
differentially sensitive to the effects of stimulant drugs.
Data for this study were collected as part of two previ-
ously published studies investigating the effects of famil-
ial history of alcoholism on psychophysiological re-
sponses to alcohol (Conrod et al. 1997a, 1998). In these
two studies, subjects were administered the POMS-bipo-
lar (Lorr 1982) before and at various points after con-
sumption of a 1.0 ml/kg dose of alcohol, which provided
an occasion to examine the validity of HR as a measure
of sensitivity to the stimulant properties of alcohol. The
present results were not previously reported.

Materials and methods

Subjects

Sample 1. Fifty men between the ages of 18 and 25 years were
contacted by telephone following responding to newspaper adver-
tisements, and were briefly screened for personal and familial al-
coholic history using the brief Michigan Alcoholism Screening
Test (brief Mast; Pokorny et al. 1972). Non-alcoholic men with
multigenerational alcoholic family histories (MFH) and no history
of familial alcoholism (FH–) were matched for drinking practices
based on the frequency at which they consume alcohol to the point
of legal intoxication (0.08% BAC), or above. Subjects were ex-
cluded from participation if they were currently suffering from a
medical condition for which alcohol consumption was contra-indi-
cated. A more detailed description of the subject selection proce-
dure was reported previously (Conrod et al. 1997b). Sample 1 sub-
jects participated in two drinking sessions, one fast rate (alcohol
consumed in 5 min) and one slow rate (alcohol consumed in
20 min). The slow rate data (comparable to those obtained in sam-
ple 2) are presented here. One subject vomited following alcohol
consumption; therefore, data for 49 subjects are available for this
analysis.

Sample 2. Similar to the recruitment procedure for sample 1 (de-
tailed above), subjects responded by telephone to the newspaper
advertisements, and were briefly screened for familial risk and
alcoholism status. Nonalcoholic MFH and FH– men between the
ages of 18 and 30 years were included in the present study.
Therefore, subjects were slightly older than those in sample 1
and were not matched for drinking history as they were in the
previous sample. For a more detailed description of the screen-
ing proce-dure and measures used, refer to Conrod et al. (1997a).
In total, 30 MFH men and 29 FH– men were included in this
sample.

General procedure

All subjects were asked to refrain from consuming alcohol for
72 h before the study, and to avoid consuming breakfast on the
day of the study. All subjects were instructed to present at the lab-

22



23

oratory at 9:00 a.m. During their first session, they were asked to
complete a number of questionnaires detailing their drinking his-
tory and personality characteristics. They were then seated in a
comfortable chair, and attached to the polygraph. Following a 
5-min resting baseline recording session for HR and mood they
participated in a video game task. Subjects were randomly pre-
sented with one of three video games to play for 2 min, three
times (with 1 min inter-game intervals). Each subject was assigned
a performance criterion and instructed to attempt to reach that cri-
terion within the 2-min game playing period. Subjects in sample 1
were not rewarded or punished for their performance, but were in-
structed to try as hard as possible to achieve the specified perfor-
mance criterion. Subjects in sample 2 were randomly assigned to
either receive monetary reward ($2.00) for good performance on
each trial, or punishment (electrical shock) for poor performance
on each trial.

All subjects in samples 1 and 2 consumed 1.0 ml/kg of 95%
USP alcohol in 20 min. However, the details of alcohol adminis-
tration differed somewhat across the two samples. In sample 1, al-
cohol was administered following the game play in the form of
five “shots” of 40% vodka (equivalent to 1.0 ml/kg body weight
of 95% USP alcohol in total), frozen to reduce taste intensity. Sub-
jects received a shot at 0, 5, 10, 15 and 20 min. Shots were con-
sumed in one swallow. Subjects in sample 2 participated in a sham
alcohol taste-test (Schacter et al. 1968; adapted by Marlatt et al.
1973), described previously by Conrod et al. (1997a) immediately
following the completion of the first video game, and were then
administered a “topping-up” dose of orange juice and 95% USP
alcohol, so that their total alcohol consumption within twenty min-
utes reached the required 1.0 ml/kg dose. Following alcohol con-
sumption, all subjects (sample 1 and sample 2) relaxed for 10 min
to allow time for alcohol absorption. Five minutes of resting mea-
sures of baseline HR and mood were then recorded. All subjects
were paid $5.00/h of lab time, and were allowed to leave once
their BACs reached 0.04 or less.

Measures and apparatus

Alcohol-induced changes in mood. Mood was assessed using the
Profile of Mood States – Bipolar (POMS: Lorr 1982). This scale
was designed and has been well validated as an inventory of
mood states in normal and psychiatric populations, and is sensi-
tive to changes in mood states along several dimensions of mood
(Lorr 1982). Six bipolar dimensions of mood were assessed using
the subscales outlined by Lorr (1982). They were: composed-anx-
ious (C-A); elated-depressed (E-D); energetic-tired (E-T); agree-
able-hostile (A-H); clearheaded-confused (C-C); and confident-
unsure (C-U). Each dimension of mood was measured twice in
the experiment: (1) following a sober resting baseline period, and
(2) 30 min post-offset of alcohol consumption (50 min post-onset
of consumption), following an alcohol-intoxicated resting base-
line period. Arithmetic change scores were derived for each of
the six POMS dimensions representing the change from sober
resting state to alcohol-intoxicated resting state. Means for alco-
hol-induced changes in mood ratings for each sample appear in
Table 1.

Alcohol-induced HR stimulation. A Grass Model 7d polygraph
with a model 7P4 EKG tachograph preamplifier was attached to
Medi-Trace pellet electrodes placed bilaterally on the lower chest
of the subject for the measurement of HR. Within the 5-min rest-
ing baseline period, the most artifact-free 60-s period was selected
and HR samples were scored every 2.5 s for the entire minute. An
average HR was then obtained to reflect sober resting HR. Resting
HR was measured in a similar manner 30 min following onset of
alcohol consumption. Alcohol-induced change in resting heart rate
was calculated by subtracting mean sober heart rate from mean al-
cohol-intoxicated heart-rate. The mean of the change scores for
each sample appears in Table 1.

Results

Correlation between alcohol-induced HR increase 
and alcohol-induced changes in mood

Estimates of the correspondence (r) between alcohol-
induced HR stimulation and mood are presented in 
Table 2. It is indicated that alcohol-induced HR stimula-
tion was correlated with positive change in mood, and
was significantly related to feeling more composed, en-
ergetic and confident (P<0.05) in sample 1 and more
elated, energetic, and confident in sample 2.

Evaluation of the repeatability of results across 
two samples

To assess the repeatability of the correlations between al-
cohol-induced changes in HR and mood yielded across
samples 1 and 2, each correlation was then transformed
into a Fisher’s Z-score for a meta-analysis across the two
samples. Non-significant effects sizes for the difference
between the correlations for each dimension of mood
were yielded indicating that the correspondence between
alcohol-induced change in HR and each dimension of
mood yielded for sample 1 were not significantly differ-
ent from those yielded for sample 2.

Table 1 Means and standard deviations for mood and cardiac re-
sponses to alcohol for samples 1 and 2

Sample 1 Sample 2

Mean SD Mean SD

Profile of Mood States scales
Composed-anxious 0.4 4.5 1.1 7.3
Agreeable-hostile 0.8 4.6 0.6 3.8
Elated-depressed 1.6 5.7 0.7 4.8
Energetic-tired 0.7 9.6 –1.3 6.8
Confident-unsure 0.3 5.9 0.3 6.2
Clearheaded-confused –4.2 6.8 –4.3 5.5

Cardiac measure
Alcohol-induced HR stimulation 1.2 5.9 12.3 9.5

Table 2 Correlations between alcohol-induced increase in resting
HR (HR) and mood

Alcohol-induced HR stimulation

Study 1 Study 2

Profile of Mood States scales
Composed-anxious 0.28* 0.22
Elated-depressed 0.18 0.41**
Energetic-tired 0.26* 0.28*
Agreeable-hostile 0.13 0.22
Confident-unsure 0.40** 0.38**
Clearheaded-confused 0.00 0.11

(n=49) (n=59)



Discussion

This first study explored the validity of alcohol-induced
HR stimulation as an index of psychomotor stimulation
from alcohol. It was postulated that it should correlate
positively with mood changes, to the extent that the
stimulant effects of alcohol on mood are detectable. The
proposed index was correlated with positive changes in
mood. More importantly, HR responses were shown to
correlate strongly and repeatedly with changes on mood
scales that have been shown to be particularly sensitive
to the effects of stimulant drugs (i.e., energetic-tired).

Cardiac response to alcohol was also show to corre-
spond with changes on the confidence-unsure dimension
of the POMS-bipolar, which has received less attention
with respect to exploring the effects of drugs of abuse on
mood. This scale includes items such as feeling strong,
forceful, bold and confident. Newlin (2000) recently
postulated that the reinforcing properties of alcohol 
that are mediated by the cortico-mesolimbic dopamine
system not only produce forward locomotion and re-
ward, but a motivational state that is associated with ba-
sic survival and reproductive fitness. This latest theory
would predict that activation of the cortico-mesolimbic
dopamine system is associated with sympathetic arousal
and HR increases, as it is associated with activation of
brain system implicated in the activation of goal-directed
behavior (e.g., foraging, feeding, sexual behavior, and
approach behavior). However, it is further suggested that
such activation not necessarily result in the subjective
experience of euphoria (i.e., positive mood), but, more
specifically, vigor/energy and an enhanced sense of em-
powerment (i.e., survival ability and reproductive fit-
ness). The current findings of relationships between al-
cohol-induced HR increase and selective mood states are
consistent with traditional psychomotor stimulant theory
of addiction (Wise and Bozarth 1987), as well as, more
recent theories of drug abuse that offer more elaborate
hypotheses regarding human subjective experiences with
drugs of abuse (Newlin 2000).

It seems important also to discuss the fact that mean
alcohol-induced change in HR differed substantially
across the two samples, despite the fact that the samples
were administered equivalent doses of alcohol. Examina-
tion of potential order or drinking status effects on HR
measures rules out the possibility that multiple drinking
sessions and heavier drinking status of sample 1 could
account for such differences (because such effects did
not emerge). Rather, it appears that the most significant
difference in methodology between the two samples is
the type of stressor that preceded alcohol consumption.
Subjects in sample 1 were asked to play a video game on
which performance was not rewarded or punished,
whereas, subjects in sample 2 engaged in the same video
game, but performance was motivated either through
monetary reward or avoidance of punishment. It is con-
ceivable that this latter task resulted in activation of the
cortico-mesolimbic dopamine system and thus caused a
priming effect to enhance the subsequent effects of alco-

hol on that same brain system. In fact, analysis of HR in-
creases to these different pre-alcohol stressors indicated
that the reinforced game play of sample 2 resulted in a
significantly greater cardiac reactivity than the non-rein-
forced game play of sample 1. Moreover, measures of
HR reactivity to reinforced game play, receipt of reward,
and receipt of punishment were correlated with alcohol-
induced increases in resting HR (r=0.30–0.57, P<0.05).
Several lines of evidence suggest that alcohol-induced
dopamine activity and related psychomotor stimulation
should interact, possibly cross-sensitize, with the effects
of aversive stimulation, even when the two types of stim-
uli produce opposite hedonic/subjective effects (Sorg
1992; Prasad et al. 1998). Stress and psychostimulants
are known to cross sensitize with respect to effects on lo-
comotor behavior (Kalivas and Stewart 1991), drug self-
administration (Piazza and Le Moal 1996) and drug-
induced activity in the mesolimbic dopamine system
(Kalivas and Stewart 1991). Whether the HR measure is
more susceptible to the effects of pre-drinking stress is a
question that warrants further investigation and that will
have further implications for the validity of this measure
as an indice of psychostimulation from alcohol. Such a
finding would further support our claim that, more than
subjective measures, this measure taps into the reinforc-
ing properties of alcohol. However, additional investiga-
tion using drug-choice paradigms (deWit and Griffiths
1991) will be required to determine the extent to which
this variable reflects sensitivity to alcohol reinforcement.

Study 2

Study 2 was designed to investigate the reliability of al-
cohol-induced HR stimulation. As mentioned in study 1,
subjects in sample 1 participated in two alcohol adminis-
tration sessions. As the alcohol dose remained constant
across the two drinking sessions there was an occasion to
examine the repeatability of alcohol-induced increases in
HR. The data for this second study were collected as part
of a previously published study investigating the effects
of familial history of alcoholism on psychophysiological
responses to alcohol (Conrod et al. 1997b). The follow-
ing analyses were not previously reported.

Materials and methods

General procedure

Participants of this study involved sample 1 participants from
study 1. Subjects participated in two counter-balanced drinking
sessions that were separated by a 1-week period in which they
were asked to remain abstinent from alcohol and other drugs (but
not nicotine). For each drinking session, participants arrived in the
laboratory at 9:00 a.m. Subjects were then seated in a reclining
chair, attached to the cardiovascular recording device. They were
then asked to sit quietly and relax for 10 min; during this period a
5-min resting (sober) baseline heart-rate measure was obtained
and mood states were assessed using the POMS. Subjects were
then randomly presented with one of three video games to play for
2 min three times (with 1 min inter-game intervals). Each subject
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was assigned a performance criterion and instructed to attempt to
reach that criterion within the 2-min game playing period. He was
assigned a more lenient or more difficult criterion depending on
his performance in previous trials, but was not rewarded or pun-
ished for his performance.

Following game play, alcohol was administered in the form of
five “shots” of 40% vodka (equivalent to 1.0 ml/kg body weight
of 95% USP alcohol in total), frozen to reduce taste intensity. In
the “fast-drinking” condition, subjects received a shot at 0, 1, 2, 3,
and 4 min. In the “slow-drinking” condition, subjects received a
shot at 0, 5, 10, 15 and 20 min. Shots were consumed in one swal-
low. Order of drinking session was counter-balanced. Resting HR
was recorded every 10 min following consumption of alcohol.
Mood was assessed every 30 min. When subjects’ BACs reduced
to a 0.06 level, they were disconnected from the polygraph, fed
and presented a movie until their BACs further reduced to a 0.04
level. Subjects were paid $5.00/h for their participation. Although
rate of alcohol ingestion has previously been shown to enhance
post-ethanol HR (Conrod et al. 1997b), this variable was expected
to increase the mean HR response to alcohol and not degree of in-
dividual variability in HR response. Therefore, it was postulated
that reliability estimates across the two testing sessions would not
be influenced by the rate of consumption variable.

Measures and apparatus

Cardiac measures. HR was recorded using a Grass Model 7D
polygraph. Two Model 7P4 EKG Tachograph preamplifiers re-
corded HR from Medi-Trace pallet electrodes placed on both sides
of the chest. Polygraph data were scored manually by two people.
Cardiovascular response measures were derived for sober and al-
cohol-intoxicated resting periods at 10-minute intervals following
alcohol consumption until BAC reduced to 0.06%. Alcohol-in-
duced HR stimulation was calculated as the change from sober
baseline HR to alcohol-intoxicated resting baseline HR.

Blood alcohol concentrations (BACs). These were determined 
using an Alco-Sensor III (Thomas Inst.) and were recorded only if
the subject had not consumed alcohol within the previous 10 min.
Subjects were asked to provide a strong breath that remained at a
consistent intensity for 6 s. The Alco-Sensor III provides BAC es-
timates with an error of measurement of ±0.003. Mean BACs were
calculated at 10-min intervals beginning at 10 min post-offset of
alcohol consumption and following the HR recordings. The slow
drinking procedure resulted in a mean peak BAC of 0.115±0.24
and the fast drinking condition resulted in a mean peak BAC of
0.110±0.24. Subjects achieved their peak BAC at approximately
60 min post-onset of drinking (60.43±19.8 for the slow drinking
condition and 58.19±22.9 for the fast drinking condition). In our
previous analysis of the data on BAC (Conrod et al. 1997b), the
peak of the BAC curve was determined as the time at which the
mean BAC for the sample peaked, which was at 50 min post-onset
of alcohol consumption for each drinking session. Therefore, the
rising limb of the BAC curve was considered to be from 0 to 50
post-onset of alcohol consumption and the descending limb began
60 min post-onset of drinking.

Results

Test-retest reliability of alcohol-induced HR increase

Within the context of a two-way mixed ANOVA design,
single measure inter-class correlations were calculated to
estimate the test-retest reliability of alcohol-induced HR
stimulation. Reliability estimates are illustrated in Fig. 1
for each 10-min period along the blood alcohol curve.
Alcohol-induced HR stimulation appears to be a moder-
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ately stable measure across two alcohol administration
sessions, particularly at earlier points of intoxication
(r=0.33–0.61 along the ascending limb and r=0.11–0.42
along the descending limb).

Discussion

The current findings stand in contrast to those of two
studies reported by Nagoshi and Wilson (1989) and 
Wilson and Nagoshi (1987) which yielded very low test-
retest reliability coefficients for heart rate responses to
alcohol. These discrepant findings may be attributed to
several methodological differences across the studies.
First, it is likely that the reliability estimates yielded 
for alcohol-induced change in HR in the Wilson and 
Nagoshi (1987) study were influenced by the fact that
their baseline HR measures were not reliably measured.
Our protocol yielded much higher test-retest reliability
estimates for both baseline and post-alcohol resting HR
levels (inter-class r=0.65, P<0.01 and r=0.84, P<0.01,
respectively), which most likely explains why our sensi-
tivity scores were so much higher than those of this pre-
vious study. The greater reliability of the sensitivity mea-
sures yielded in the present study may also be due to the
fact that HR measures were taken at each 10-min period
post-offset of drinking. These previous studies involved
the assessment of repeatability of alcohol response mea-
sures over longer and more variable test-retest intervals
(ranging from 1 to 39 months) with a protocol for re-
testing alcohol sensitivity that involved topping up doses
and a shortened version of the initial test battery. There-
fore, alcohol response measures were likely tested at var-
ious points along the blood alcohol curve across the test
and retest sessions.

That this cardiac response was shown to be most reli-
able at early stages of intoxication, when blood alcohol
levels are rising, further supports the validity of this 
index; psychostimulant properties of alcohol are similar-
ly limited to the ascending limb of the BAC curve
(Friedman et al. 1980; Mello 1983). It can be concluded

Fig. 1 Two-week test-retest reliability estimates for alcohol-indu-
ced HR stimulation. Light colored bars indicate that BACs are ris-
ing and dark colored bars indicated that BACs are falling. Mean
time to peak for the slow drinking session=60.43±19.8 min, and
mean time to peak for the fast drinking session=58.19±22.9 min.
Time is indicated as number of minutes post onset of drinking



from the current study that alcohol-induced HR increase
can be reliably measured within a relatively short test-
retest period and under experimental conditions that 
allow for HR recordings that are closely matched for
time post-onset of alcohol consumption.

Study 3

The final study of this series explored the convergent
and discriminant validity of alcohol-induced increase in
HR. Specifically, study 3 examines the differential rela-
tionship between three alcohol response measures (HR
increase, subjective intoxication and reduction of experi-
mentally-induced anxiety) and alcohol-induced changes
on two subscales of the POMS that have been shown 
to be sensitive to distinct drug effects. The Composed-
anxious subscale will serve as an index of anxiety-reduc-
tion from alcohol and the Energetic-Tired subscale will
serve as an index of psychostimulation from alcohol.
The discriminative validity of the HR measure will be
explored by demonstrating that it is related to the stimu-
lant effects of alcohol and unrelated to the anxiety-reduc-
ing effects, but that other alcohol response measures
(e.g., reduction in experimentally induced anxiety) do
correlate with alcohol-induced changes in anxious mood.
This study will also provide a preliminary examination
of the construct validity of the Subjective High Assess-
ment Scale (Judd et al. 1977).

Materials and methods

Subjects

Thirty-two non-alcoholic, Caucasian males between the ages of 18
and 25 years were contacted by telephone following responding to
newspaper advertisements, and were briefly screened for personal
and familial alcoholic history using the brief Mast (Pokorny et al.
1972). Subjects were included in the study if they met criteria for
non-alcoholic status, multigenerational alcoholic family history
(MFH) or no history of familial alcoholism (FH–), and if they
were not currently suffering from a medical condition for which
alcohol consumption was contra-indicated. The current sample
comprised 12 MFH and 20 FH– male subjects.

General procedure

Upon their arrival, subjects were briefed as to the procedure of the
study and were then presented with a consent form to sign. All
subjects were aware that they could withdraw from participation at
any time in the experiment, but once intoxicated could not leave
the laboratory until their blood alcohol concentration had reduced
to below a 0.04% level. A short semi-structured interview was
conducted in order to collect demographic and personal drinking
information. Subjects were then asked to remain seated, and re-
laxed for 10 min during which time 5-min baseline measures for
HR were recorded.

A concentric shock electrode was then attached to the inside of
the subject’s forearm and headphones were placed over his ears.
The shock delivery procedure consisted of three signaled succes-
sive electric shocks. Subjective responses to the shock were subse-
quently recorded using the Shock Anticipation and Shock Rating
Scales (see below). Following consumption of the alcohol dose, a
second 5-min baseline measure was recorded, and the shock ad-

ministration paradigm was repeated. The subject was then discon-
nected from the cardiovascular recording devices, was fed, de-
briefed regarding the experimental procedures, and allowed to
leave the laboratory only once his BAC reduced to below 0.04%.

Measures and apparatus

Shock administration. Electric shocks were administered using a
Farral Instrument Mark I at an intensity of 1.85 mA for 0.5 s using
a concentric electrode attached to the inside of the elbow of the
subject’s non-dominant arm. A tone was heard and then ten count-
down numbers were visually presented to the subjects prior to the
delivery of the shock. Shock anticipation and shock rating scales
were administered following both sober and alcohol-intoxicated
shock administration procedures.

Alcohol administration. Each participant was administered a dose
of 1.0 ml/kg body weight of 95% USP alcohol mixed 5:1 parts or-
ange juice. The beverage was presented to the subject in three sep-
arate glasses and subjects were instructed to consume each bever-
age within 5 min.

Alcohol-induced change in mood. Due to the relatively small sam-
ple size, we limited our assessment of alcohol-induced changes in
mood to the two POMs dimensions that have been shown to be
sensitive to different drug effects: the Energetic-tired and the Com-
posed-anxious subscales. Change scores were calculated as the dif-
ference in mood ratings between resting (pre-shock) baseline to
30 min post-alcohol consumption resting (pre-shock) baseline.

Subjective intoxication. Subjective intoxication ratings were as-
sessed using the Subjective High Assessment Scale (SHAS; Judd
et al. 1977). A composite score was derived for the first 15 items
of the SHAS which detail the subjective effects of the drug (e.g.,
dizzy, high, sleepy, clumsy, etc.). The last two items of the SHAS
(i.e., “the best that I have ever felt” and “the worst that I have ever
felt”) were not involved in the calculation of this composite score
because they were postulated to be related to different dimensions
of alcohol-effects.

Alcohol-induced reduction in experimentally induced anxiety. The
Shock Anticipation Scale, developed by Finn et al. (1990), consists
of five items rated on a 10-point Likert scale concerning the degree
of tension, anxiety, worry, fear and anger experienced in anticipa-
tion of shock administration with higher scores reflecting higher
levels of subjective anticipatory emotional arousal. Alcohol-in-
duced reduction in anxiety ratings was calculated by subtracting
post-alcohol shock anticipation ratings from their corresponding
sober ratings. This measure was selected to reflect anxiety reduc-
tion from alcohol over other measures previously used in the litera-
ture (e.g., dampening of HR reactivity) to reduce the potential
shared measurement variance between two HR measures and be-
cause it more directly measures anxiety-reduction from alcohol.
This scale has been shown to be sensitive to the effects of alcohol
(Finn et al. 1990), as well as individual differences in sensitivity to
the anxiety reducing effects of alcohol (Conrod et al. 1998).

Alcohol-induced HR stimulation. HR levels were recorded using a
Contact Precision Instruments polygraph. Two medi-Trace pellet
electrodes placed bilaterally on the lower chest were used to detect
HR. Average HR levels for sober and alcohol-intoxicated resting
periods were computed using Contact Precision Instruments soft-
ware. Alcohol-induced HR stimulation was calculated according
to the same procedure used in the previous two studies (alcohol in-
toxicated baseline HR–sober resting baseline HR).

Results

Means and standard deviation for the five alcohol-
response measures (two mood measures and three non-
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and vigor from alcohol and unrelated to the anxiety-
reducing effects of alcohol, when individual differences
in anxiety reduction are considered. These findings are
consistent with those of a recent study demonstrating
that sensitivity to the subjective stimulant effects of alco-
hol (assessed using the ARCI-Amphetamine scale) is as-
sociated with increased ratings of energy and arousal and
lower ratings of fatigue and confusion on the POMs, and
unrelated to alcohol-induced changes in anxiety ratings
(Holdstock and de Wit 1998).

The finding of a relationship between alcohol-induced
change in anxiety scores on the POMs and alcohol-
induced change in anxiety ratings in response to an aver-
sive stimulus provides some support for the use of the
Composed-anxious subscale of the POMs as a measure
of the anxiety-reducing effects of alcohol. However, the
fact that this relationship was only mild suggests that the
effects of alcohol on experimentally manipulated anxiety
states are only mildly related to the effects of alcohol on
resting, or tonic, anxiety states. The resting POMs mea-
sures were taken approximately 10 min prior to adminis-
tration of the shock paradigm when subjects were likely
not yet anticipating the receipt of an electrical shock (al-
though they were aware that it would happen eventual-
ly). It is possible that stronger relationships between the
two measures would have been yielded if mood had been
measured just before the presentation of the shock para-
digm. Furthermore, it is possible that only modest alco-
hol-induced reductions in anxiety could be observed in
the present study because the sample did not include
anxious individuals. We previously demonstrated that in-
dividual differences in alcohol-induced reduction in anx-
iety are largely mediated by a personality factor that is
associated with sensitivity to anxiety states (Conrod et
al. 1998).

A rather novel finding of this final study was that in-
dicating an inverse relationship between SHAS scores
and subjective sensitivity to the stimulant effects of alco-
hol (i.e., feeling energetic). That is, lower scores on the
SHAS were associated with lower subjective ratings of
feeling tired from alcohol and higher subjective ratings
of feeling energized from alcohol. Although the small
number of subjects in this study limits the strength of
conclusions that can be drawn about these findings, they
do suggest that sensitivity to the effects of alcohol on HR
and reduced sensitivity to the subjective effects of alco-
hol concurrently, yet independently, relate to the psycho-
stimulant effects of alcohol. This finding is particularly
important for the integration of two seemingly discrepant
areas of research on the genetic predisposition to alcohol
reinforcement and alcoholism (e.g., Finn and Pihl 1988;
Newlin and Thomson 1990; Schuckit and Smith 1996).
While one group of researchers has shown that children
of alcoholics demonstrate a sensitivity to the stimulating
effects of alcohol on certain psychophysiological and
subjective measures (e.g., Finn and Pihl 1988; Peterson
et al. 1996; Conrod et al. 1998), other research groups
have demonstrated that young men from alcoholic pedi-
grees demonstrate reduced sensitivity to alcohol on sub-
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mood measures) appear in Table 3. Correlational analys-
es indicated that the two measures reflecting alcohol-
induced change in mood (Energetic-tired and Com-
posed-anxious) were orthogonal (r=–0.16, P>0.1).
Therefore, we were justified in performing two separate
multiple regression analyses to explore the independent
contribution of each of the alcohol-response measures to
the independent effects of alcohol on these mood di-
mensions.

Multiple regression analyses were performed with the
alcohol response measures as the independent variables
and alcohol-induced change on the two mood scales as
the dependent measures. Table 4 demonstrates that the
anxiety-reduction variable was uniquely related to alco-
hol-induced changes on the Composed-anxious factor
and accounted for 15% of the variance (r=0.39) on this
measure. One-third of the variance (r=0.58) on the Ener-
getic-tired scale was accounted for by a combination of
low scores on the SHAS and alcohol-induced increases
in resting HR.

Discussion

This study sought to explore the convergent and discri-
minant validity of alcohol-induced HR stimulation as a
measure of sensitivity to the stimulant effects of alcohol.
Multiple regression analyses indicate this cardiac mea-
sure is distinctly related to subjective feelings of energy

Table 3 Means and standard deviations for subjective and cardiac
responses to alcohol and shock administration

Profile of Mood States scales (change scores) Mean SD

Composed-anxious 1.0 4.7
Energetic-tired 2.0 8.0
Reduction in anxiety to shock anticipation 4.3 10.1
SHAS total scores 130.2 79.3
Alcohol-induced HR stimulation 6.4 5.0

Table 4 Partial relationships between alcohol-induced changes in
mood, subjective intoxication, shock anticipation ratings, and HR

Alcohol response SE B T P r-partial

Composed-anxious
(Constant) 1.94 0.35 0.18 0.86
Subjective intoxication 0.01 0.01 0.80 0.43 0.15

(SHAS)
Reduction in shock rating 0.08 0.15 1.81 0.08 0.32
Increase in resting HR 0.17 –0.18 –1.05 0.30 –0.20
Total model 0.08 0.39

Energetic-tired
(Constant) 2.94 1.92 0.65 0.52
Subjective intoxication 0.02 –0.03 –2.30 0.03 –0.40

(SHAS)
Reduction in shock rating 0.13 –0.02 –0.16 0.87 –0.03
Increase in resting HR 0.26 0.72 2.78 0.01 0.47
Total model 0.00 0.58



jective and objective measures of intoxication (e.g.,
Schuckit 1984; Schuckit et al. 1996). The present find-
ings suggest that sensitivity to the positive effects of al-
cohol and reduced sensitivity to the negative effects co-
occur and reflect a general sensitivity to psychostimula-
tion from alcohol that is, in turn, distinct from anxiolysis
from alcohol. Interestingly, correlational analysis indi-
cated that alcohol-induced HR increase and subjective
intoxication are discrete factors. These findings are also
consistent with those reported by Holdstock and de Wit
(1998) indicating no relationship between subjective
measures of intoxication and psychostimulation from al-
cohol (as measured by the ARCI-A scale). The lack of
relationship between these two alcohol response mea-
sures is consistent with research demonstrating a dissoci-
ation between reinforcing (i.e., wanting) and the subjec-
tive (i.e., liking) properties of rewarding stimuli (e.g.,
Nader et al. 1997), or the distinction between motivation
for drug self-administration and subjective sensitivity to
drug effects (Muntaner et al. 1989; Lamb et al. 1991).
This study was not able to test whether alcohol-induced
HR increase was associated with sensitivity to alcohol-
reinforcement, per se. However, recent studies linking
this alcohol-induced cardiac response to susceptibility to
the effects of alcohol on the encoding of memory for
positively valenced events (Bruce et al. 1999) and to
drinking behavior (Conrod et al. 1997a) suggests that
such a relationship may be revealed with further investi-
gation.

General discussion

This series of studies demonstrated that alcohol-induced
HR stimulation has adequate reliability and validity as
an index of the stimulant properties of alcohol. This in-
dex correlates with increases in mood states that are sen-
sitive to the effects of stimulant drugs (e.g., feeling ener-
gized, vigorous and less sedated), and with other subjec-
tive measures that are heuristically linked to alcohol-
reinforcement sensitivity (e.g., feeling confident, and re-
duced subjective intoxication). The heart-rate index also
appeared to assess something distinct from the anxiolytic
effects of alcohol. These findings are consistent with a
number of recent studies demonstrating that alcohol
causes more stimulation and less sedation for subjects
who self report heavier drinking (Holdstock et al. 2000),
for normal social drinkers who chose alcohol over place-
bo in a drug-choice paradigm (de Wit et al. 1987, 1989)
and for normal social drinkers who self report amphet-
amine-like effects from alcohol (Holdstock and de Wit
1998). The evidence appears to be accumulating linking
sensitivity to alcohol-induced psychomotor stimulation
and reduced sensitivity to alcohol-induced sedation to al-
coholism vulnerability (Schuckit 1980, 1984; Schuckit
and Smith 1996 Peterson et al. 1996; Conrod et al.
1997a; Holdstock et al. 2000). The advantage of using
HR as a measure of alcohol-induced psychostimulation
is that it now appears to be well validated and that the

CNS pathways involved in the mediation of alcohol-
induced changes in HR are better delineated (e.g., Reed
et al. 1999). This measure may prove to be a very useful
tool when exploring brain mechanisms involved the ge-
netic predisposition to alcohol sensitivity and alcohol-
ism.

There are, nevertheless, important limitations to the
current series of studies. First, all subjects were male,
and considering that at least two studies suggest that men
and women are differentially sensitive to the anticipated
and subjective effects of alcohol (Gabrielli et al. 1991;
Rodriguez et al. 1993), there are limitations to the extent
to which the current findings can be applied to females.
Second, the current studies only examined the reliability
of alcohol-induced HR increase at one alcohol dose
(1.0 ml/kg), which is considered quite high for most al-
cohol-administration studies. However, a number of pre-
vious studies suggest that the stimulant effects of alcohol
on mood (Holdstock and de Wit 1998) and resting HR
(Stewart et al. 1992) only occur following ingestion of a
high dose of alcohol in humans. The dose-dependent na-
ture of the HR measure is in keeping with the literature
on the stimulant properties of alcohol which suggests
that alcohol’s stimulating effects are most evident at
moderate to high doses (Pohorecky and Brick 1977).
Furthermore, the fact that HR response to alcohol was
shown to be less reliable as blood alcohol concentrations
were decreasing (study 2) suggests that this measure is
only valid when assessed as blood alcohol levels are ris-
ing.

The most important finding of this series of studies is
potentially that linking reduced subjective sensitivity to
alcohol (i.e., SHAS scores) to alcohol-induced changes
in positive mood, when mood is measured along a bipo-
lar dimension. Some researchers have claimed that ge-
netic risk for alcoholism is mediated by reduced sensitiv-
ity to the subjective effects of alcohol (e.g., Schuckit
1984). However, such a claim has been criticized as be-
ing inconsistent with most theories of drug addiction and
human motivation. Why would an individual be more
motivated to consume alcohol just because they are less
sensitive to its effects? The literature on the psychomotor
theory of addiction suggests that the addictive properties
of drugs are determined by their ability to produce incen-
tive rewarding states. The current findings suggest that
reduced scores on the SHAS not only reflect reduced
sensitivity to the sedative effects of alcohol, but more
specifically reflect a sensitivity to the energizing effects
of alcohol. The current findings provide a missing link
between two areas of research on the genetic predisposi-
tion to alcoholism that previously were considered con-
tradictory.
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