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Background: Autonomic responses follow exposure to
conditioned stimuli such as contextual factors associated
with alcohol ingestion. Heart rate variabili O, is under autonomic control and may be a measure o f such response.
Methods: Twenty alcoholics and 23 matched social drinkers (all male) were exposed to a neutral cue and then an
ah'ohol cue in identical settings, during which the electrocardiogram o f these subjects was recorded. Time and
frequency domain parameters o f heart rate variability
(HRV) were computed by a blind rater.
Results: Coefficient o f variation ~( R-R intervals and
absolute powers" o f H R V spectrum (in frequency bands
0.05-0.15 Hz and 0.01-0.05 Hz) Jbllowing alcohol cue
were significantly higher in alcoholics than social drinkers'. The mean heart rate (MHR).fililed to reflect this
d~[fl,rence.

Conclusions: H R V paradigm appears more sensitive than
MHR to measure cue reactivity.
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control group on physiological parameters such as skin
conductance, salivation, heart rate, and peripheral hypothermic response (Drummond et al 1990).
Spectral analysis of heart rate variability (HRV) is a
recent noninvasive method of assessing cardiac autonomic
tone (Malliani et al 1991; Castiglioni 1995). Sympathetic
and parasympathetic nervous activity is shown to make
frequency-specific contributions to the HRV power spectrum. Two major components, the high-frequency (HF)
and low-frequency (LF) components of the HRV power
spectrum, seem to reflect parasympathetic and sympathetic activities, respectively (Murata et al 1994). These
sensitive indices of autonomic nervous system filnctioning
could be used to measure autonomic perturbations in
cue-conditioned response. In this study we explored the
use of this measure to examine cue-conditioned response
in alcoholics and social drinkers.

Methods and Materials
Alcoholics

Introduction
A

conditioning analysis of drug dependence presumes
that the drugs with abuse potential act as reintbrcing
stimuli. Contextual factors associated with drug ingestion
also can acquire conditioning properties through repeated
pairing. These stimuli and their mental representations can
elicit autonomic arousal by associative learning processes
(Childress et al 1993; O'Brien et al 1992). Such conditioned arousal manifests as physiological responses to the
drug CLIeS. Alcoholics exhibit greater cue-reactivity to
sight and smell of alcoholic beverage than nonaddicted
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Twenty inpatients (mean age _+: SD = 33.75 +_ 6.3 years) with
alcohol dependence (ICD-10, World Health Organization 1992)
of at least 2 years duration, with uncomplicated withdrawal state,
were recruited after detoxification (14 days).
Controls
Twenty-three controls were age-matched (mean age -+ SD =
33.17 _+ 6.4 years) male social drinkers with consumption not
more than 50 mL of absolute alcohol equivalents per week,
without any dependence features and whose last drink was prior
to 1 week. The two groups had comparable years of age,
education, and age at first drink. Family history of alcohol abuse
was present in 13 cases of the alcohol group and 9 cases of social
drinkers.
Subjects in both groups gave informed consent, and did not
have any other psychiatric illness, other substance abuse (except
smoking tobacco), or medical illness. All medications except
vitamins were avoided for 48 hours, and a 4-hour smoking-free
period was ensured before recording
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Table 1. Comparison of HRV Parameters between Social Drinkers and Alcoholics during Cue Exposure
Neutral cue

HRV parameter

Social drinkers
(n = 23)

MHR
CVR
VLF
LF
HF

86.4
4.8
3154.5
1919.7
763

(13.2)
(2.2)
(3629.5)
(1996.4)
(729)

Alcohol cue

Alcoholics
(n = 20)
80.1
5.4
4036.6
2078.3
1483

(12.6)
(2.6)
(3012.7)
(1368.11
(1734)

t (p)
--1.59
0.77
li.86
0.38
1.8

(0.12)
(0.44)
(0.39)
(0.77)
(0.07)

Social drinkers
(n :: 23)
87.6
5.5
4968.8
3295.1
1136.5

(13.4)
(2.5)
(4232.5)
(3247.2)
(1138.4)

Alcoholics
(n = 20)
84.1
8
9279.3
5908.1
1881.8

t (p)

(11.8)

-.91 (.369)

(:!.5)
(6327.5)
(Z545.9)
(1691.7)

3.22
2.66
2.19
1.71

(.002)"
(.01 I) '~
(.(134~"
(.094)

MHR, mean heart rate in beats per minute: CVR, the coefficient of variation of R-R intervals (ratio of the standard deviation of the R-R intervals to the mean); VLI=,
the absolute power in the very low-frequency band 0.01-0.05 Hz (in beats/min2/Hz); LF, power in the low-frequency band 0.05-0 15 Hz. lin beats/min2/Hz); HF, power
in the high-frequency band 0A5-0.5 Hz. (in beats/min2/HzL
"Statistically significant.

Procedure
Recording was done in sitting posture, after acclimatization, in a sound-attenuated room between 17:00 and 20:00
hours, using a commercial electrocardiograph (ECG) monitor. E C G electrodes were applied to the left shoulder,
right shoulder, and ninth left intercostal space. A glass of
fruit juice (neutral cue) and rum (alcohol cue) were
presented in that order but with an interval of 4 rain.
Subjects were allowed to hold the glass and smell the
content but not drink it. ECG was recorded for 4 rain
commencing at 30 sec after each exposure. ECG signal
was digitized (500 Hz), coded, and stored in a personal
computer. Analysis was done by a rater blind to the
experiment.

HRV Analysis
TIME DOMAIN ANALYSIS. The R waves were detected
after checking for artifacts and from the resulting R-R interval
series, the mean heart rate (MHR), and the coefficient of
variation of R-R intervals (CVR--ratio of the standard deviation
of the R-R intervals to the mean) were computed.
FREQUENCY DOMAIN ANALYSIS.

The instantaneous heart

rate time series was obtained from the R-R intervals. Linear
interpolation (Kamath et al 1987) was applied on the HR time
series to obtain heart rate samples evenly spaced at 0.25 sec.
From this interpolated time series the mean was removed, and
then using fast fourier transform technique, the power spectrum
was obtained. The absolute power in the very low-frequency
band (VLF, 0.01-0.05 Hz), the low-frequency band (LF, 0.05-0.15 Hz), and the high-frequency band (HF. 0.15-0.5 Hz) were
estimated. SPSS Release 6 was used for the analysis of the
computed parameters. Two-tailed independent samples t test was
used for between-group comparisons. The level of significance
was chosen at p < .05.

Results
With neutral cue exposure, no significant difference was
noted between the two groups. In contrast, alcoholics had

significantly larger HRV measures (CVR, VLF, LF) than
social drinkers when exposed to alcohol cue (Table I).
Mean heart rate did not differentiate the two groups.

Discussion
Several precautions were taken to m i n i m i z e the effects
o f k n o w n c o n f o u n d i n g factors. Situational anxiety response to new recording e n v i r o n m e n t was m i n i m i z e d by
acclimatization. First exposure was always to neutral
cue in both groups, to avoid false attribution of' situational autonomic arousal as response to alcohol cue.
Data analysis by a blind rater eliminated observer bias.
Since none reported any brand specificity o f alcoholic
beverage, and all had used and e n j o y e d rum, it was used
u n i f o r m l y as alcohol cue.
In our study, neutral cue exposure did not differentiate the alcoholics from social drinkers on any o f the
variables, but significant meaningful differences were
apparent under alcohol cue exposure. Gross measures
such as mean heart rate, frequently used in cue-reactivity research (Glautier and D r u m m o n d 1994), failed to
reflect this difference. A u t o n o m i c arousal in response to
alcohol cue was revealed by HRV parameters. Increase
in C V R while responding to alcohol cue is indicative o f
the higher magnitude o f short-term fluctuations o f their
cardiac interbeat interval. In the frequency domain
measures o f HRV, the p o w e r on the l o w - f r e q u e n c y band
( 0 . 0 5 - 0 . 1 5 Hz) reflects sympathetic activity and that of
the h i g h - f r e q u e n c y band ( 0 . 1 5 - 0 . 5 ) reflects p a r a s y m pathetic activity (Murata et al 1994). The finding of
elevated spectral power on the low-frequency band in
this study suggests increased sympathetic response to
alcohol cue in alcoholics. We could not find any report
in literature to date of a similar study to which to
c o m p a r e our results.
This study suggests that H R V measures are more
sensitive than mean heart rate in assessing the cue
reactivity. The merits o f frequency d o m a i n measures
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relatives to the c o m p u t a t i o n a l l y s i m p l e r time d o m a i n
measures (CVR) in quantifying cue response require
further study. Future studies m a y also explore the
usefulness o f H R V p a r a m e t e r s to predict relapse in
d e t o x i f i e d alcoholics and to evaluate the efficacy o f
treatment m o d a l i t i e s based on d e c o n d i t i o n i n g principles.
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